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Foreword

This Technical Specification (TS) has been produced by the ETSI 3" Generation Partnership Project (3GPP).
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"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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Foreword
This Technical Specification (TS) has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for al changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer proceduresin the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

o For aspecific reference, subsequent revisions do not apply.

e For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document
(including a GSM document), a hon-specific reference implicitly refers to the latest version of that document in
the same Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
Genera Description™.

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
M easurements”.

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception”.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”.

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities”.

3 Symbols and abbreviations
3.1 Symbols

For the purposes of the present document, the following symbols apply:

n; System frame number as defined in [3]
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N, Slot number within aradio frame as defined in [3]

N(?ehs Number of configured cells

NRS Downlink bandwidth configuration, expressed in unitsof NP as defined in [3]

Nas Uplink bandwidth configuration, expressed in unitsof N2P as defined in [3]

Ngymb Number of SC-FDMA symbolsin an uplink dlot as defined in [3]

NSFéB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
(3l

T, Basic time unit as defined in [3]

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,

in TR 21.905 [1].
ACK Acknowledgement
BCH Broadcast Channel
CCE Control Channel Element
CDD Cyclic Delay Diversity
CG Cell Group
CIF Carrier Indicator Field
CaQl Channel Quality Indicator
CRC Cyclic Redundancy Check
CRI CSI-RS Resource I ndicator
csl Channel State Information
CSl-IM CSl-interference measurement
DAI Downlink Assignment | ndex
DCl Downlink Control Information
DL Downlink
DL-SCH Downlink Shared Channel
DTX Discontinuous Transmission
EPDCCH Enhanced Physical Downlink Control Channel
EPRE Energy Per Resource Element
MCG Master Cell Group
MCS Modulation and Coding Scheme
NACK Negative Acknowledgement
PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel
PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRS Positioning Reference Signal
PRB Physical Resource Block
PSBCH Physical Sidelink Broadcast Channel
PSCCH Physical Sidelink Control Channel
PSCell Primary Secondary cell
PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
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RE Resource Element
RI Rank Indication
RS Reference Signal
SCG Secondary Cell Group
SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request
SRS Sounding Reference Symbol
SSSS Secondary Sidelink Synchronisation Signal
TAG Timing Advance Group
TBS Transport Block Size
uUcCl Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

4.2 Timing synchronization
4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-
sync/in-sync status to higher layers.

If the UE is configured with a SCG [11], the downlink radio link quality of the PSCell [11] of the SCG shall be
monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q,. and Q) defined by relevant testsin
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q,. and Q) defined by relevant testsin
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality isworse than the threshold Q.. When the radio link quality is better than the
threshold Q,, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronization

No functionality is specified in this subclause in this rel ease.

4.2.3 Transmission timing adjustments

Upon reception of atiming advance command for a TAG containing the primary cell or PSCell, the UE shall adjust
uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing
advance command.

The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has a frame structure type 1 and a secondary
cell in the same TAG has aframe structure type 2, UE may assume that Ny, > 624.

If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the
PSCeéll is the same asthe PScell if the secondary cell and the PSCell belong to the same TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell or PSCell, if al the serving
cellsin the TAG have the same frame structure type, the UE shall adjust uplink transmission timing for PUSCH/SRS of
all the secondary cellsin the TAG based on the received timing advance command where the UL transmission timing
for PUSCH /SRS is the same for al the secondary cellsin the TAG.
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Upon reception of atiming advance command for a TAG not containing the primary cell or PSCéll, if aserving cell in
the TAG has a different frame structure type compared to the frame structure type of another serving cell in the same
TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the secondary cellsin the TAG by using
Nraotset = 624 regardless of the frame structure type of the serving cells and based on the received timing advance
command where the UL transmission timing for PUSCH /SRS is the same for all the secondary cellsin the TAG.
Nraoftset 1S described in [3].

The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing
for the TAG as multiples of 16 T, . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, for a TAG indicates Ny values by index
valuesof To=0, 1, 2, ..., 256 if the UE is configured with a SCG, and To =0, 1, 2, ..., 1282 otherwise, where an amount
of the time alignment for the TAG is given by Nty = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8], Ty, for a TAG indicates adjustment of the current Nra value, Nra gia,
to the new Nra value, Nranew, Dy index values of To =0, 1, 2,..., 63, where Nranew = Nraod + (Ta —31)x16. Here,
adjustment of N, value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount respectively.

For atiming advance command received on subframe n, the corresponding adjustment of the uplink transmission timing
shall apply from the beginning of subframe n+6. For serving cellsin the same TAG, when the UE's uplink
PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the
UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nra accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actionsin [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- theactionsrelated to CSl reporting
- theactions related to the sCell DeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expiresin subframe n, the corresponding actionsin [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CS| reporting which shall be applied in subframe n+8.
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
al constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power If’pUSCHC(i) defined in subclause 5.1.1, isfirst scaled by the ratio of the number of
antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i), defined in subclause 5.1.1.1, or FA’SRS,C(i) is split equally across

the configured antenna ports for PUCCH or SRS. FA’SRS,C(i) isthe linear value of Psgs (i) defined in subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HI1) to control UL interference are defined in [9].

For a serving cell with frame structure type 1, a UE is not expected to be configured with
UplinkPower Control Dedicated-v12x0.

51.1 Physical uplink shared channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘ secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. Theterm ‘primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for primary PUCCH group, the terms * secondary cell’, ‘ secondary cells'
‘serving cell’, ‘serving cells' inthis clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’, ‘serving cells' inthis clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the secondary PUCCH group respectively.

51.1.1 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch,c(i) for PUSCH transmission in subframei for the serving cell cisgiven by

Pemax c (i),

B S
puscH,c (i) mm{lOloglo(MPUSCH,c(i))Jf Po puscH,c(§) + ac(j) - Ple + Aqg c(i) + fe(i)

} [dBm]

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 14 ETSI TS 136 213 V13.0.0 (2016-05)

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Prusch c(i)  for the PUSCH transmission in subframei for the serving cell ¢ isgiven by

Pruscrc(i) = min 10|0910(ﬁCMAX,c(i)._ PouccH (i))’ | | | | [dBm]
1010g;0(M pysch,c () + Po_pusch,c (1) + oc (i) - Pl + Atg (i) + fe (i)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcp (i) for the PUSCH transmissionin

subframei for the serving cell ¢ iscomputed by
Pouschc () = min{PCMAX,c (1), Po_puscrc D+ (1) - PL + fo (i) } [dBm]
where,

- Pemax c(i) isthe configured UE transmit power defined in [6] in subframei for serving cell ¢ and

lSCMAX,c(i) isthe linear value of Poyax (i) - If the UE transmits PUCCH without PUSCH in subframe i for

the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
shall assume Peyax (i) asgiven by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for
PUSCH, the UE shall compute Pryax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB,

where MPR, A-MPR, P-MPR and AT are defined in [6].
- ﬁPUCCH (i) isthelinear value of Ppyccn (i) defined in subclause 5.1.2.1

- Mpysch (i) isthe bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid
for subframei and serving cell c.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- whenj=0, By pysciic(0) = Ry ue pusore2(0) + Fo nomimar_puscrc2(0) . wherej=0is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. By e puscri2(0) ad Py yovinar puscre2(0)

are the parameters p0-UE-PUSCH-Persi stent- SubframeSet2-r12 and pO-Nominal PUSCH-Persistent -
SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.

- when =1, pyscrc() = By ue puscric2(D + Fonominar_puscrc2(1) - wherej=1 s used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. Ry e pysciic2 (Dand

o NominaL_puscrc.2(1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and - p0-Nominal PUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- whenj=2, PO_PUSCH,C(Z) = PO_UE_PUSCH,C(Z) + PO_NOMINAL_PUSCH,C(Z) where PO_UE_PUSCH,C(Z) =0 and
PO_NOMINAL_PUSCH,C(Z) = PO_PRE + APREAMBLE_MSgS » Where the parameter

preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and APREAMB,_E_,\,,SQ3 are signalled from higher layers

for serving cell ¢, where j=2 isused for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise

- Po_pusch,c(]) isaparameter composed of the sum of acomponent Py nominaL_ puscH,c(]) Pprovided
from higher layers for j=0 and 1 and acomponent Po yg pusch,c(J) Pprovided by higher layersfor j=0 and
1for serving cell c¢. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
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PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Py yg pusch,c(2) =0 and

Po_ NomINAL_PuscH,c(2) = Po pre + ApreamBLE _Msg3+ Where the parameter
preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and APREAMB,_E_,\,,SQ3 are signalled from higher layers
for serving cell c.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢

and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

- Forj=0orl, a(j)=«a,,¢c {0, 0.4,0.5,0.6,0.7,0.8, 0.9, l}. a, , isthe parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

- Forj=2, o.(j)=1.
Otherwise

- Forj=0or1, o€ {0,04,050.6 07038, 091} isa3-bit parameter provided by higher layers for
serving cell c. Forj=2, a.(j)=1.

PL. isthe downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL. =

referenceS gnal Power — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell.

- Ifservingcell ¢ belongsto a TAG containing the primary cell then, for the uplink of the primary cell, the
primary cell is used as the reference serving cell for determining referenceSignal Power and higher layer
filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter
pathlossReferencelinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ belongsto a TAG containing the PSCell then, for the uplink of the PSCell, the PSCell is
used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP; for
the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathl ossReferencelLinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ belongstoaTAG not containing the primary cell or PSCell then serving cell ¢ isused as
the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

AT,:’C(i)=1OI0g10((ZBPRE'KS—1)- OF#QCH) for Kg=1.25and0for K¢ =0where K isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬁgf%gc"' , for

each serving cell ¢, are computed asbelow. Kg =0 for transmission mode 2.

c-1
- BPRE =0Oc(q, / Ngg for control data sent via PUSCH without UL-SCH data and z K, / Ngg for other

r=0
cases.

- where C isthe number of code blocks, K, isthesizefor codeblock r, Ocgq isthe number of
CQI/PMI bitsincluding CRC bits and Ng¢ isthe number of resource elements determined as
Npg = M BUSCH-initial \ PUSCH-nitd \vhere €, K,, M S""™@ and NSO are defined in

symb
(4.

- AR = B for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

offset offset
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OpuscH,c Isacorrection value, aso referred to asa TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 for serving cell c or jointly coded with other TPC commandsin PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. If the UE is configured with higher layer
parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if subframe i belongsto uplink power
control subframe set 2 asindicated by the higher layer parameter tpc-SubframeSet-r12, the current PUSCH

power control adjustment state for serving cell cisgivenby f_,(i), andthe UE shall use f_, (i) instead of

fc (i) to determine Ppyscn (i) - Otherwise, the current PUSCH power control adjustment state for serving cell

cisgivenby f.(i). f.,(i) and f.(i) aredefined by:

fc(l) = fc(l —1) + 5PUSCH,C(i — KPUSCH) and fc,2 (l) = fc,Z(i —1) + 5PUSCH,C(i — KPUSCH) if accumulation

is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command JpyscH ¢ iSincluded ina PDCCH/EPDCCH with DCI format O for serving cell ¢ where the

CRC is scrambled by the Temporary C-RNTI

where dpysch (i — Kpyscr ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or PDCCH with

DCI format 3/3A on subframe i — Kpyg » and where f.(0) isthefirst value after reset of
accumulation.

Thevalueof Kpgy IS
- For FDD or FDD-TDD and serving cell frame structuretype 1, Kpygcy =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Keuson isgivenin Table5.1.1.1-1

- For TDD UL/DL configuration O

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in whichthe LSB of the UL index issetto 1, Kpygey =7

- For al other PUSCH transmissions, Kp gy isgivenin Table5.1.1.1-1.

For serving cell ¢ the UE attempts to decode a PDCCH/EPDCCH of DCI format 0/4 with the UE's C-
RNTI or DCI format O for SPS C-RNTI and a PDCCH of DCI format 3/3A with this UE's TPC-PUSCH-
RNTI in every subframe except when in DRX or where serving cell ¢ isdeactivated.

If DCI format 0/4 for serving cell cand DCI format 3/3A are both detected in the same subframe, then
the UE shall usethe dpyscy ¢ Provided in DCI format 0/4.

JpyscH ¢ = 0dB for a subframe where no TPC command is decoded for serving cell ¢ or where DRX
occursor i isnot an uplink subframein TDD or FDD-TDD and serving cell ¢ frame structure type 2.

The Spyschc dB accumulated values signalled on PDCCH/EPDCCH with DCI format 0/4 are given in

Table5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0O is validated as a SPS activation or release
PDCCH/EPDCCH, then dpyscp ¢ is0dB.

The dpysey dB accumulated values signalled on PDCCH with DCI format 3/3A are one of SET1 given

inTable5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-Index provided
by higher layers.
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- If UE hasreached Poyax c(i) forservingcell c, positive TPC commands for serving cell ¢ shall not
be accumulated

- If UE has reached minimum power, negative TPC commands shall not be accumulated

- If the UE is not configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving
cell ¢, the UE shall reset accumulation

- Forserving cell ¢, when Pg yg pyschH,c Valueischanged by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C ’

- the UE shall reset accumulation correspondingto f.(*) for serving cell ¢
- when Pg yg pusch,c Valueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation correspondingto f_,(*) for servingcell ¢

- when PO_UE_PUSCH,C,Z value is changed by higher layers

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
c and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)
- if subframe i does not belong to uplink power control subframe set 2 asindicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f (i —1)
- (i) =0puschcli—Kpyscr) and f,(i) = Opyson (i — Kpysen) if accumulation is not enabled for
serving cell ¢ based on the parameter Accumulation-enabled provided by higher layers
- where dpysch (i — Kpysch ) was signalled on PDCCH/EPDCCH with DCI format 0/4 for serving cell
¢ onsubframe i — Kpygey
- Thevaueof Kpygy is

- For FDD or FDD-TDD and serving cell frame structure type 1, Kpygey =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Kpuson isgivenin Table 5.1.1.1-1.

- For TDD UL/DL configuration O

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in which the LSB of the UL indexissetto 1, Kpygey =7

- For al other PUSCH transmissions, Kp gy isgivenin Table5.1.1.1-1.
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- The Jpysch dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 are givenin

Table5.1.1.1-2. If the PDCCH/EPDCCH with DCI format O is validated as a SPS activation or release
PDCCH/EPDCCH, then Spysc ¢ is0dB.

- fe(i)=fe(i-1) and f_,(i)=f ,(i—1) for asubframe where no PDCCH/EPDCCH with DCI

format 0/4 is decoded for serving cell ¢ or where DRX occursor i is not an uplink subframein TDD or
FDD-TDD and serving cell ¢ frame structure type 2.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

- For both typesof f.(*) (accumulation or current absolute) the first valueis set as follows:

- If Po ue puscH,c vaueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po UE puscH,c vaueisreceived by higher layersand serving cell ¢ isa Secondary cell
- f.(0)=0

- Else

- |If the UE receives the random access response message for aserving cell ¢

- f(0)=AP, . +3

ampupc msg2,c ' where

- 9

msg2,c
random access preambl e transmitted in the serving cell ¢, see subclause 6.2, and

isthe TPC command indicated in the random access response corresponding to the

1010g,(M pysch (0))
AP =min| ymax| 0, Ryax . = + B puscr ¢ (D) + Oy

rampup,c
+o.(2)-PL+ ATF,C(O)

AP and AP

rampuprequested ¢ 1S Provided by higher layers and

rampupreguested,c

corresponds to the total power ramp-up requested by higher layers from the first to the last
preambleinthe serving cell ¢, M pygey (0) isthe bandwidth of the PUSCH resource

assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission in the serving cell ¢, and Ae¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c.

If By U puschcz Vvalueisreceived by higher layers for aserving cell c.

- fcz(o) =0
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Table 5.1.1.1-1: K gy, for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration |0 |1 (2|3 |4 |5|6|7|8]|9
0 -lel7]4a]l-]-]6]7]4
1 -l -1elal-1-[-16[4]-
2 Sl-Tal-T-1-1-Tal-1-
3 Sl -lalalal-[-1-1-1-
4 -l-Talal-1-1-1- -
5 - lal-1-1-1-1-1-1-
6 - -J7l7]s5]-1]- 7] -

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
OpyscHc values

TPCD%?;ZTr:QtdO'/:;ﬂd N | Accumulated OpuscH,c [dB] | Absolute dpyscHc [dB] only DCI format 0/4
0 -1 -4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated JpyscH values

TPC Command Field in
DCI format 3A

0 -1

1 1

Accumulated dpyscH ¢ [dB]

If the UE is not configured with an SCG or aPUCCH-SCell, and if the total transmit power of the UE would exceed
Pewax (1) . the UE scales Poyseyy (i) for the serving cell ¢ in subframe i such that the condition

Z W(i) ’ lSPUSCH,c(i) < (lSCMAX (') - lSPUCCH ('))

is satisfied where ISPUCCH(i) isthe linear value of Poyccn (i), If’pUSCHC(i) isthelinear value of Ppysch (i)

ISCMAX () isthelinear value of the UE total configured maximum output power P, defined in [6] in subframe i
andw(i) isascaling factor of ﬁpUSCH’C(i) for serving cell ¢ where 0<w(i)<1. Incasethereisno PUCCH

transmission in subframei F};UCCH (i)=0.

If the UE is not configured with an SCG or a PUCCH-Scell, and if the UE has PUSCH transmission with UCI on
serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE

would exceed FA’C,\,I ax (1), the UE scales Ppygop (i) for the serving cells without UCH in subframei such that the
condition

ZW(i) ’ IsF’USCH,c (') < (ISCMAX (') - IsPUSCH,j ('))

C#j
is satisfied where ISPUSCHJ (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of
ﬁpUSCH,C(i)for serving cell ¢ without UCI. In thiscase, no power scaling is applied to lspUSCH’j ()

unless ZW(i)- Prusch,c(i) =0 and thetotal transmit power of the UE still would exceed ISCMAX ().
C#]j
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For a UE not configured with a SCG or a PUCCH-SCell, note that w(i) values are the same across serving cells
whenw(i) > 0 but for certain serving cells w(i) may be zero.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH and PUSCH
transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells,

and the total transmit power of the UE would exceed If’c,\,I ax (1), the UE obtains  Ppyscp (i) according to

A

PPUSCH,] (') = min(lsPUSCH,j (i)’ (ISCMAX (') - ISPUCCH (')))

and

S W) Broserte (1) < (Pryga (1) = Proeess (1) = Prosarr; ()

c#j

If the UE is not configured with a SCG or a PUCCH-SCell, and

- If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe i
for agiven serving cell in aTAG overlaps some portion of the first symbol of the PUSCH transmission on
subframe 1 +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to

not exceed PCM ax On any overlapped portion.

- If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe | for a
given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe

I +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to not exceed
P-y1ax 0N any overlapped portion.

- If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe |
for agiven serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe | or subframe
i +1 for adifferent serving cell in the same or another TAG the UE shall drop SRSif itstotal transmission

power exceeds PCM ax On any overlapped portion of the symbol.

- If the UE isconfigured wiFh multiple TAGs and more than 2 serving cells, and if the SRS transmissior] of the UE
in asymbol on subframe | for agiven serving cell overlaps with the SRS transmission on subframe | for a
different serving cell(s) and with PUSCH/PUCCH transmission on subframe 1 or subframe i +1 for another
serving cell(s) the UE shall drop the SRS transmissions if the total transmission power exceeds P, onany
overlapped portion of the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving

cell belonging to adifferent TAG, drop SRSiif the total transmission power exceeds P-4, 0n any overlapped
portion in the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in parallel with PUSCH/PUCCH in adifferent serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed

P-y1ax 0N the overlapped portion.

51.1.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH isvalid for subframei for
serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOther CG-r12 for a CG indicates
‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not
transmit PUSCH/PUCCH on any serving cell of the other CG.
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If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, theterm ‘serving cell’ in this subclause refersto
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term “serving cell’ in this subclause refers to
serving cell belonging to the SCG. The term ‘primary cell’ in this subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCdll,

- For computing power headroom for cells belonging to primary PUCCH group, the term ‘serving cell’ in this
subclause refersto serving cell belonging to the primary PUCCH group.

- For computing power headroom for cells belonging to secondary PUCCH group, the term ‘serving cell’ in this
subclause refersto serving cell belonging to the secondary PUCCH group. Theterm ‘primary cell’ in this
subclause refers to the PUCCH-SCell of the secondary PUCCH group.

Type 1:

If the UE transmits PUSCH without PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH ypet. ¢ (1) = Powax ¢ ()~ 11010930 (M pscr, o () + Po, pusci,c (i) + %e(i) - Ple + Ate.c(i) + fo(i) | [dB]

where, Poyax (i), Mpuscrc(i) . Po puscrc(i) @c(i), Ple, A (i) and fo(i) aredefined in subclause
5.1.1.1.

If the UE transmits PUSCH with PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH ype. (1) = Pomax e ()~ 11010810(M puscr,c (1)) + Po_pusch, (1) + @e(i)- Pl + Ate.o(i) + fo() | [dB]

where, Mpysci (i) Po puschc(i): @c(i), Ple, A (i) and fc(i) aredefined in subclause5.1.1.1.
ﬁCM Ax ¢ (1) is computed based on the requirementsin [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers 5CM AX,c(i) instead of  Peyax (i) to higher layers.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH yper.c(1) = Pomax.c ()= 1 Po,_puscr,c@ + @) - PLg + (i) | [dB]

where, ISCM ax c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR , A-
MPR, P-MPR and AT¢ are defined in [6]. Po pysch,c(1), ac(1), PLc, and fc(i) are defined in subclause 5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type
2 report is computed using

(1010go (M puscH,c (1) +Po_puscr,c (1)+ac (1) Pl +Arec (i) + fe(i))/10 (dB]
PH i)=P i)—10lo
type2( )= Pemax c(1) 910 " lo(PofPUCCH +PLc+h(”CQl r”HARQr”SR)*’AFjUCCH (Fl+Anp (F)+gli ))/10

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 22 ETSI TS 136 213 V13.0.0 (2016-05)

where, Pemax.c: Mpusch,c(): Po pusch,c(i), @c(i), A (i) and fc(i) aretheprimary cell parameters as
defined in subclause 5.1.1.1and Py pyccr» Ples h(Ncor s NHARG NsR) » Ak pucen (F) . Anp (F') and g(i) are
defined in subclause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(10|0910(MPUSCH,c(i))+PO_PUSCH,c(j)+ac(j)‘PLc+ATF,C(i)+fc(i))/lo (dB]

PH i)=P i)—10l B
type2 (1) = Pomax ¢ (1) —10logyg . 10(Po_pucm +PLo+gli))10

where, Pemax,c() s Mpusch,c(), Po pusch,c(i), (i), A (i) and fc(i) aretheprimary cell parametersas

defined in subclause 5.1.1.1and Py pyccry» PLc and g(i) aredefinedin subclause5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(Po_puscre (M+ae (D)-PLe + o (i))/20

N — A dB
PthpeZ(') PCMAX’C(I) 10log1o " 10(P07PUCCH+PLc+h(”CQ|r”HARQr”S?)*’AFjUCCH(F)+AT><D(F')+9(i))/1O [dB]

where, P pysch,c(1), ac(l) and f(i) aretheprimary cell parameters as defined in subclause 5.1.1.1,

Pemax,c() » Po puccn » Ple, N(Ncgr  NHaRG NR) + Ak pucc (F) . Ao (F') and g(i) arealso definedin
subclause 5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom for a Type 2
report is computed using

oPopuscr e W+ (0)-PLe-+ £ (0))/10

PH i)=PR, i)—10lo [dB]
type2 (1) = Pomax ¢ (1) J10 . 10(Po,pucCH +PLo+gli))10

where, ISCM ax,c(i) iscomputed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR,,

A-MPR, P-MPR and AT are defined in [6], Po pusch,.c(D), ac(D) and f.(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1 and Py pyccn s PLc and g(i) aredefined in subclause 5.1.2.1.
If the UE is unable to determine whether thereis a PUCCH transmission corresponding to PDSCH transmission(s) or

not, or which PUCCH resource is used, in subframe i for the primary cell, before generating power headroom for a
Type 2 report, upon (E)PDCCH detection, with the following conditions:

o if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured for the UE,
or

o if PUCCH format 1b with channel selection isused for HARQ-ACK feedback for the UE configured with
PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using

(1010930 (M puscrc (10)+Po_puscrc (1)+ @ (1) PLe+Arec i)+ e (i))/10

PH ez (i) = P i) - 1010 [dB]
type2 (1) = Pomax ¢ (1) 010 . 10(Po,pucCH -PLo+g(i))10

where, Pomaxc()» Mpusch,c() . Po pusch,c(l) s @c(i), A (i) and f.(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1 and Py pyccn s PLe and g(i) aredefined in subclause 5.1.2.1.
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The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter tpc-
SubframeSet-r12, the UE shall use  f,(i) instead of fc (i) to compute PH, ., (i) and PH, ., (i) for

subframei and serving cell ¢, where f_,(i) isdefinedin subclause5.1.1.1.

51.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and
SCG.

- When the procedures are applied for MCG, the term *serving cell’ in this subclause refers to serving cell
belonging to the MCG.

When the procedures are applied for SCG, the term ‘serving cell’ in this subclause refers to serving cell belonging to the
SCG. Theterm ‘primary cell’ in this subclause refers to the PSCell of the SCG.If the UE is configured with a PUCCH-
SCell, the UE shall apply the procedures described in this subclause for both primary PUCCH group and secondary
PUCCH group.

- When the procedures are applied for the primary PUCCH group, the term ‘serving cell’ in this subclause refers
to serving cell belonging to the primary PUCCH group.

- When the procedures are applied for the secondary PUCCH group, the term ‘serving cell’ in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term ‘primary cell’ in this subclause refers to the
PUCCH-SCell of the secondary PUCCH group.

5121 UE behaviour

If serving cell cisthe primary cell, for PUCCH format 1/1a/1b/2/2a/2b/3, the setting of the UE Transmit
power Ppccy for the physical uplink control channel (PUCCH) transmission in subframei for serving cell ¢ is
defined by

Pemax, (i)

(i)=min , .+ [dBm]
PPucch Po puccH + PLc + h(nCQI 'NHARQ, ”5R)+ Af puccH (F)+ Ao (F') +g(i)

If serving cell cisthe primary cell, for PUCCH format 4/5, the setting of the UE Transmit power Py fOr the
physical uplink control channel (PUCCH) transmission in subframei for serving cell ¢ isdefined by

PCMAX,C (I)l [dBm]
I:>0_PUCCH + PLC + 10|0910(M PUCCH,c (I ))+ ATF,C (I )+ AF_PUCCH (F )+ g(l )

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE transmit power Pyjccy for PUCCH in subframei is computed by

Peucch (i ) =mi n{

Poucen ()= min{PCMAX,c(i)1 Po puccH + PLe + ali )} [dBm]
where

- Pomax c (i) isthe configured UE transmit power defined in [6] in subframei for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell ¢, for the accumulation of TPC command
for PUCCH, the UE shall assume Poyax (i) asgiven by subclause 5.1.1.1. If the UE does not transmit

PUCCH and PUSCH in subframe i for the serving cell c, for the accumulation of TPC command for PUCCH,
the UE shall compute Poyax ¢(i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where

MPR, A-MPR, P-MPR and AT are defined in [6].
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The parameter Ag pyccy (F) isprovided by higher layers. Each Ag pycey (F) Vvalue correspondsto a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F ) isdefined in Table 5.4-1 of [3].

If the UE is configured by higher layersto transmit PUCCH on two antenna ports, the value of Aq,p (F')is
provided by higher layers where each PUCCH format F' is defined in Table 5.4-1 of [3] ; otherwise,
Aro(F')=0.

h(Ncql s NHARQ : Nsr) is@PUCCH format dependent value, where ngq, corresponds to the number of
information bits for the channel quality information defined in subclause 5.2.3.3in[4]. ngg = 1if subframei is

configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If the

UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting
using PUCCH format 3, the value of nyjarg isdefined in subclause 10.1; otherwise, nyarq isthe number of

HARQ-ACK bits sent in subframei.

For PUCCH format 1,1aand 1b h(an| NHARQ » nSR): 0

- For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,

(MR —1)
2

h(nCQ| s nHARQ , ngq) = , OtherWise, h(nCQ| ,nHARQ s nSQ): 0

- For PUCCH format 2, 2a, 2b and normal cyclic prefix

n

10lo
h(nCQI 'NHARQ, nSR): 910{

cqQl .
if n >4
2 j cal

0 otherwise

- For PUCCH format 2 and extended cyclic prefix

Ncql +NHARQ | .
10logyg| —————=| if ngg +n >4
hlncar Mg, Nsr)= 910{ 4 ] CQI T THARQ

0 otherwise

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSl,

- If the UE isconfigured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR

NHAl +Ngr — 1
h(Ncqi » NHARQ: Nsr) = ARQ TR

3
- Otherwise
NpaRQ +Nsr —1
h(ncqi » NHARQ : NsR) B —

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSl,

- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR and CSI

n + Ny +Neg —1
h(nCQI 'nHARQ'nS?)z P S; 2

- Otherwise

Nparo + Neg + Negr —1
2

h(nCQI 1 Muargs Ng) =
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For PUCCH format 4, M pceh ¢ (i ) is the bandwidth of the PUCCH format 4 expressed in number of

resource blocks valid for subframe i and serving cell c. For PUCCH format 5, M F)UCCH’C(i )=1.

Ave (i) =1010g,, (2250 _1) where BPRE()= 0 (i)/ Neg i)

O, (i) isthe number of HARQ-ACK/SR/RI/CQI/PMI bitsincluding CRC bits transmitted on PUCCH
format 4/5 in subframei;
- NRE(i): M oo c(i)' N::B . N;l::;CH for PUCCH format 4 and NRE(i): NQB . N;;f,CH /2 for PUCCH format 5;

- N — . (NQEm _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i
and NUCeH — 2‘(N;;b—1) otherwise.

Po_pucch 1s@parameter composed of the sum of a parameter P, yominal_puccr Provided by higher layers

and a parameter Po_ug_pucm provided by higher layers.

Opuccn 1S UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI

format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in an EPDCCH with DCI format
1A/1B/1D/1/2A12/2B/2CI2D for the primary cell, or sent jointly coded with other UE specific PUCCH
correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-
RNTI.

If aUE is not configured for EPDCCH monitoring, the UE attempts to decode a PDCCH of DCI format 3/3A
with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D
with the UE's C-RNTI or SPS C-RNTI on every subframe except when in DRX.

If aUE is configured for EPDCCH monitoring, the UE attempts to decode

- aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI as described in subclause
9.1.1, and

- oneor several EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-
RNTI, as described in subclause 9.1.4.

If the UE decodes
- aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D

for the primary cell and the corresponding detected RNTI equalsthe C-RNTI or SPS C-RNTI of the UE
and the TPC field in the DCI format is not used to determine the PUCCH resource as in subclause 10.1,
the UE shall usethe Opyccy provided in that PDCCH/EPDCCH.

Else

- if the UE decodes a PDCCH with DCI format 3/3A, the UE shall usethe dp ey provided in that
PDCCH

elsethe UE shall set Spycey =0 dB.

M-1
gi)=9g(i-D+ Z Opucen (i—K,,) where g(i) isthe current PUCCH power control adjustment state and
m=0

where g(0)isthe first value after reset.

- For FDD or FDD-TDD and primary cell frame structuretype 1, M =1 and Kk, =4.
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- For TDD, valuesof M and km aregivenin Table 10.1.3.1-1, where the “UL/DL configuration” in

Table 10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-ri2 for the primary cell when the UE
is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell.

- The 5PUCCH dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D are given in Table 5.1.2.1-1. If the PDCCH with DCI
format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format 1/1A/2A/2/2B/2C/2D is validated as an SPS
activation PDCCH/EPDCCH, or the PDCCH/EPDCCH with DCI format 1A is validated as an SPS
release PDCCH/EPDCCH, then Jpyccy 1S 0dB.

- The Spycey 0B valuessignalled on PDCCH with DCI format 3/3A are givenin Table 5.1.2.1-1 or in
Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Valueischanged by higher layers,

- Else
- 9(0) = AR yrpup + Omeg2 » Where

Omsg2 1S the TPC command indicated in the random access response corresponding to the random
access preamble transmitted in the primary cell, see subclause 6.2 and

- if UEistransmitting PUCCH in subframei,

PO_PUCCH
AR’ampup =min| ymax| 0, PCMAX,C —-| +PL+ h(nCQI ,nHARQ,nSR) )

+AF_PUCCH (F) +ATXD(F')

AP

rampupreguested

Otherwise,

]and AP

rampuprequ ested

AI:)rampup = mln[{max(o' PCMAX,C - (PO_PUCCH + PLc ))}' AR

rampuprequested
is provided by higher layers and corresponds to the total power ramp-up requested by higher layers
from thefirst to the last preamble in the primary cell.

- If UE hasreached Poyax (i) for the primary cell, positive TPC commands for the primary cell shall
not be accumulated.

- If UE has reached minimum power, negative TPC commands shall not be accumulated.
- UE shall reset accumulation

- when Py ye puccn Valueischanged by higher layers

- when the UE receives a random access response message for the primary cell

- g@)=9g(i-2 if I isnotan uplink subframein TDD or FDD-TDD and primary cell frame structure
type 2.
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3t0 Op,cepy

values
TPC Command Field in ) [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3At0 Op,ccy Values

TPC Command Field in
DCI format 3A Opucen| [9B]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)
5.13.1 UE behaviour

The setting of the UE Transmit power Pz for the SRS transmitted on subframei for serving cell ¢ is defined by

Parsci)= min{ Powax.c()s Pors orrseT.o(M) +1010g30(Mars.c) + Po puscre(i) + (i) Ple + fo(i) | [dBm]

where
- Pomaxc(i) isthe configured UE transmit power defined in [6] in subframei for serving cell c.
- Psrs oFrseT (M) issemi-statically configured by higher layers for m=0 and m=1 for serving cell c. For SRS
transmission given trigger type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- Mggs isthebandwidth of the SRS transmission in subframei for serving cell ¢ expressed in number of
resource blocks.

fo(i) isthecurrent PUSCH power control adjustment state for serving cell ¢, see subclause 5.1.1.1.

- Po puschc(i) and ¢(j) areparametersas defined in subclause 5.1.1.1 for subframe I, where j=1.

If the UE is not configured with an SCG or aPUCCH-SCell, and if the total transmit power of the UE for the Sounding
Reference Symbol in an SC-FDMA symbol would exceed Peyax (i) , the UE scales Psrs,c (i) for the serving cell ¢
and the SC-FDMA symbol in subframei such that the condition

D (i) P o () < Porax ()

is satisfied where ISSRSC(i) isthe linear value of Pyrs (i), Pouax (i) isthelinear value of Peyay definedin[6] in
subframei andw(i) isascaling factor of ﬁSRSC(i) for serving cell ¢ where O<w(i) <1. Note that w(i) values are

the same across serving cells.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with multiple TAGs and the
SRS transmission of the UE in an SC-FDMA symbol for aserving cell in subframe i ina TAG overlaps with the SRS
transmission in another SC-FDMA symbol in subframe 1 for aserving cell in another TAG, and if the total transmit

power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed I5C,\,I ax (i) , the UE scales
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ISSRSC(i) for the serving cell ¢ and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the
condition

D W) - P o 1) < Poygax (1)

is satisfied where ISSRSC(i) isthe linear value of Py (i), Pouax (i) isthelinear value of Peyay definedin[6] in
subframei andw(i) isascaling factor of ﬁSRSC(i) for serving cell ¢ where O< w(i) <1. Note that w(i) values are
the same across serving cells.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 asindicated by the higher layer parameter tpc-
SubframeSet-r12, the UE shall use f, (i) instead of f¢ (i) to determine Pagg(i) for subframei and serving cell

c,where f_,(i) isdefinedin subclause5.1.1.1.

5.1.4 Power allocation for dual connectivity
If aUE is configured with multiple cell groups,

- if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the
UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer
parameter power ControlMode indicates dual connectivity power control mode 1

- if the maximum uplink timing difference between transmitted signals to different serving cellsincluding
serving cells belonging to different CGsis equal to or lessthan Ty yresnold

- The UE shall use the procedures described in sub clause 5.1.4.1.

- 1f aPRACH transmission of the UE on the Pcell starting in subframe i1of MCG overlapsin time domain
with another PRACH transmission of the UE starting in subframe 12 of SCG, and if subframe i1 and
subframe 12 overlap in time with more than one symbol, and if the total power of both the PRACH

transmissions would exceed If’CM ax (11,12) , the UE shall transmit the PRACH on the Pcell using the
preamble transmission power P, o, described in subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed

If’c,\,I ax (1412) , where If’c,\,I ax (11,12) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i1,i2)as described in [6]. I the UE drops the PRACH
transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the
power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.

- if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher
layer parameter power ControlMode does not indicate dual connectivity power control mode 1

- The UE shall use the procedures described in sub clause 5.1.4.2 .

- If aPRACH transmission on the Pcell in subframe ilof MCG overlapsin time another PRACH
transmission in subframe 12 of SCG, and if the time difference between the start of the two PRACH
transmissionsislessthan 30720- T, and if the transmission timing of the PRACH on the Pcell (according
to subclause 6.1.1) is such that the UE is ready to transmit the PRACH on Pcell at least one subframe before
subframe i1of MCG, and if the total power of both the PRACH transmissions exceeds If’c,\,I ax (1L12), the
UE shall transmit the PRACH on the Pcell using the preamble transmission power PpracH described in
subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe 12 of SCG

such that the total power does not exceed If’c,\,I ax (1412) , where If’c,\,I ax (11,12) isthelinear value
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configured transmitted power for Dual Connectivity for the subframe pair (i Li 2)as described in[6]. If the
UE drops the PRACH transmissions, it sends power ramping suspension indicator to the higher layers. If the

UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher
layers.

5141 Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe i1 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe 12 of CG2 or if at |least the last symbol the UE PUSCH/PUCCH
transmission(s) in subframe 11 of CG1 overlap in time with SRS transmission(s) of subframe 2, and

if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1: If
the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1 and if

FA’F,UCCH _cc1(i1) would exceed SI(i1), the UE scales FA’F,UCCH _cc(12) such that the condition
OA(i1) - Poyeer cer(i2) = max{0, SI(i1) } is stisfied where 0< @/A(i1) <1 and
lS'PUCCH _cGL (i1 = (i - lSPUCCH _CGl(il) A lSPUCCH _CG:L(il) would not exceed Sl(i1),

A

FA>'PUCCH a1 (1) = Poycen cea(id) - If the UE has a PUSCH transmission with UCH including HARQ-ACK in
subframe i1of serving cell ¢, € CGL, andif Poey «(i1) would exceed S1(i1) , the UE scales
lspusw < (12) such that the condition </A(i1)- APUSCH (D= max{0, SI(i1) } is satisfied where
0< (i) <1 and P'oygyy g (i) = 0AGD)  Poygeyy o, (1) - 1 Pryeyr o, (1) would not exceed SI(i1),
Peuscn (1) = Pryson o (11).
S1(i1) isdetermined as follows

0,

Pali2)[ '}

. - o ~ ~ .| MaXy A 19y Yce2
SL(i1) = Pryax (11,12) — P, (iD) — P,y (i2) — min Powax (11,12) 100
P (i2)
where

lsul(il) = ISPRACH _CGl(il) ;

- ifCGlisMCG and CG2is SCG,

lsql(i 2)= lsPRACH 7cez(i 2);

P (12)= Prcen 00212+ T (B, 12+ P, (12)):

¢,eCG2
- ifCGlisSCG and CG2isMCG

- if the UE hasa PUCCH transmission with UCI including HARQ-ACK/SR subframe |2 of CG2,

I:A)ql(i 2)= ISPRACH ce2(i2) + IS'PUCCH ce2(12);

FLi2= Y (Flumcz(iz)* LSRS,Cz(iZ)j

¢,eCG2

- elseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving cell
j,e CG2,
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- ql(l 2) = Pogach_ce2(12) + P'pUSCH s (i2);
i IE\)'ql (i2)= Z lsPU&ZH o, (12)+ Z lSSRs,c2 (i2);
c,eCG2,c#], c,eCG2

- otherwise,

q1(|2) Poracr cez('z)

q1 (12) = Poycen CGZ(I 2) + Z (ﬁPUS’;H S (i2)+ LSRS,% (i 2))

,eCG2

- if the UE hasa PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR in subframe i1 of CG1:
If the UE has a PUCCH transmission with UCI not including HARQ-ACK/SR in subframe 11 of CG1 and if

Poucon _ce1(i1) would exceed S2(i1), the UE scales Poucon _cc1(12) such that the condition

o 2(i1) - Poyeeyr coa(i1) = max{0, S2(i1) }is satisfied where 0 < or2(i1) <1 and

P puccH_co (1D = 0(2(|1) PF,UCCH ca(iD) I PF,UCCH _ce1(i1) would not exceed S2(i1),

FA>'PUCCH a1 (1) = Poycen cea(id) - If the UE hasa PUSCH transmission with UCI not including HARQ-
ACK in subframe i1of serving cell ¢, € CGL, andif Pa,gy <, (i1) would exceed S2(i1) , the UE scales
FA>F,U5]CH < (12) such that the condition &2(i1)- If’PUSCH ()= max{0, S2(i1)} is satisfied where
0<a2(il) <1 and P'peyy o (1) =0a2(i1)- PF,USCH (i2) . 1f Poyecys < (i2) would not exceed S2(i1),

P PUSCH ¢, (iD= Boyscn q('l)
S2(i1) is determined as follows

0,
) ~ L A A .| max Yege ;
S2(i1) = Pyax (i1,i2) — P, (i1) — P, (i2) — min Poax (i1,i2)- 100 q2(l2)
P2 (i2)
where

- P,(i1) = Poacs car(iD+ P oo _ce1 (11)if the UE hasa PUCCH transmission with HARQ-ACK/SR
and aPUSCH transmission with UCI not including HARQ-ACK in subframe 11 of CG1, otherwise,
P2 (1) = Pogacr_can(iD) -

- ifCG1lisMCG and CG2 is SCG

- if the UE hasa PUCCH transmission with UCI including HARQ-ACK/SR in subframe 12 of CG2,

q2 (I 2) PRACH CGZ(I 2) + I:)IPUCCH _CG2 (I 2)

PLi2=Y (ISPUg;H,CZ(iZ)Jr eres,%(iz));

,eCG2

- dseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe |2 of serving cell
j,e CG2,
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FA)qz (i2)= lsPRACH _CG2 (i2)+ lsIPUS’;H b (i2)

i FA)ICIZ (i2) = Z lsPU&:H o, (2)+ Z 5SRS,CZ (i2);
C,eCG2,c#], c,eCG2

- otherwise,

Iqu (i2)= lSPRACH _CG2 (i2)

P02 = Prcon_cca2+ 3 (P, (12)+ Prs,, (12))

c,eCG2
- ifCGlisSCGand CG2isMCG
- if the UE hasaPUCCH transmission in subframe 12 of CG2 and/or aPUSCH transmission with UCI in
in subframe 12 of serving cell j, € CG2

P.2(12) = Pogact c02(12)+ Plovcent o2 (12)+Plougen .y, (i2)

Islqz (i12)= Z lsPUEI:H Co (i2)+ Z E)‘S?chz (i2)

c,eCG2,6,#]5 c,eCG2

PPUCCH _CG2 (i 2) =0

where, if the UE does not have a PUCCH transmission in subframe |2 of

P, o  (i2) =
CG2;  PuscH ’12( )=0 if the UE does not have a PUSCH transmission with UCI in subframe
i20f CG2;

- otherwise

Iqu (i2)= lSPRACH _CG2 (i2)

Pe(2= 3 (P, (2)+ Pes,, (2))

,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe ilof CG1, the UE shall determine
0,

: A - A A .| Maxy 5 10y, Yce2 _ B
S3(i1) = Poyax (1L,i2) = P3(11) — P3(12) — min Pewax (iLi2) - 100 Ras(i2)

P2

where

- if the UE has aPUCCH transmission in subframe i1lof CG1 and/or a PUSCH transmission with UCI inin
subframe ilof serving cell J; € CGLP,5(11) = Pogacy co1(iD) + P'oycen_cor (1D + P'oygen , (11)

where Pyyoon _cc1(i1) = 0 if the UE does not have a PUCCH transmission in subframe i1of
CGl1, FA’PUSCH i, (12) = Qif the UE does not have a PUSCH transmission with UCI in subframe i1of co1;

OtherWiSEFA)us(il) = lsPRACH car(iD);

- ifCG1lisMCG and CG2 is SCG

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 32 ETSI TS 136 213 V13.0.0 (2016-05)

- if the UE has a PUCCH transmission in subframe 12 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12of serving cell  j, € CG2

Ps(12) = Poractt_c02(12) + P'ovcen co2 (12)+ Poygsy ;, (i2)

- Pei2= D Paugng (D+ Y P (i2)
c,eCG2,co#], c,eCG2

A

P i2)=0 :
PUCCH —CGZ( ) if the UE does not have a PUCCH transmission in subframe 12 of

where,
CcG2: PPUS;CH,J'2 (i2)=0

i20of CG2;

if the UE does not have a PUSCH transmission with UCI in subframe

- otherwise

FA)qa (i 2) = lsPRACH _CG2 (i 2)

Po2)= 3 (P 12+ Pos (12

,eCG2

- if CG1lisSCG and CG2isMCG

I:A)qs(i 2) = IE\)PRACH 7cez(i 2) + FA)' PUCCH _CG2 (i 2) + Z lsIPU&:H C (i 2)

¢,eCG2

Pi2)= Y Pre. (i2)

¢,eCG2 .

- If thetotal transmit power of all the PUSCH transmission(s) without UCI in subframe 11of CG1 would exceed
S3(i1) , the UE scales Py, (1) for each serving cell ¢, € CG1 with a PUSCH transmission without UCI

in subframe 11 such that the condition Zw(il)- ISPUSCH’q(il) <max{0,S3(i1)} issatisfied, where
ceCG1

ﬁ'pusm,q (D) =w(i1)- Fspusm,q (11) , and where W(il) isascaling factor of FA’PUSCqu(il) for serving cell
¢, where 0 < w(i1) <1. Notethat W(i1) values are the same across serving cells within a cell group
whenw(i1) > O but for certain serving cells within the cell group W(il) may be zero. If the total transmit power
of all the PUSCH transmission(s) without UCI in subframe 11of CG1 would not exceed S3(i1) ,

lslPUSCH,cl (iD= lsPUSCH,cl (iD.
where

If’c,\,I ax (1L12) isthelinear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2)as described in [6];

- ifCGlisMCG and CG2isSCG

lsPUCCH_CGl(il) isthe linear value of Py (11) corresponding to PUCCH transmission on the primary

A

cell ; Poycon ce2(i2) isthelinear value of Pyyccy (12) corresponding to PUCCH transmission on the
PSCell.

Veer = Ymce
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- if CG1isSCG and CG2isMCG;

A

Pouccr cer (i) isthelinear value of Pyyccy (11) corresponding to PUCCH transmission on the PSCell;

A

Pouccr cez(i2) isthelinear value of Py (12) corresponding to PUCCH transmission on the primary
cell.

Ve = Vo

A

- Buyscr (1) isthelinear value of Py, ., (11) for subframe ilof serving cell of serving cell ¢, € CGL, and

A~

Pruscr,c, (12) isthelinear value of Byygqy; ¢, (12) for subframe I 20f serving cell of serving cell ¢,e CG2.

- Ywce @d Yo @egiven by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;
- If the UE hasa PRACH transmission for CG1 overlapping with subframe i1 of CG1, Pogacy cau(iDisthe

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy car(iD =0;

- If the UE hasa PRACH transmission for CG2 overlapping with subframe 12 of CG2, Pogaq ce2(i2)isthe

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy ce2(i2)=0.

A

59?3,% (i2) isdetermined asfollows

- if the PUSCH/PUCCH is not transmitted in the last symbol of subframe i1 of CG1, or if the UE does not
have an SRS transmission in subframe 12 of serving cell C, € CG2or if the UE drops SRS transmission

in subframe 12 of serving cell C, € CG2 dueto collision with PUCCH in subframe 12 of serving cell
c,e CG2

] '|5s?sy%(i2) -0:

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 12 of
serving cell C, € CG2

5SRS,CQ (i2)= ISSRS,CQ (i2);

- if the UE has an SRS transmission and a has PUCCH transmission, and does not havea PUSCH
transmission in subframe 12 of serving cell ¢, € CG2

S 0,
Pgs o (12) = maxy 4 _ ~ _
e {F)SRS,QZ (i2) = Poycen_cea(( 2)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not havea PUCCH
transmission in subframe 12 of serving cell ¢, € CG2

2 0,
Pgs e (12) = maxq ~ , ~ ,
e {Psas,cz (' 2) - PPUSCH C (' 2)}
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- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe
12 of servingcell C,€ CG2

2 0,
Pgs e (12) = maxs ~ ) " _ ~ .
o {PSRS*CZ (12) = Pruser 2 (i2) = Poycon _cez(' 2)}

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells
within a TAG of acell group CG1 would exceed S4(i1) , the UE scales Py . (i1) for the serving cell

C, € CGland the SC-FDMA symbol in subframe i1 such that the condition Zv(il)- FA’SRSJYCl (1) <S40
¢eCGl1

issatisfied, where FA>'SRS’C1 (iD=v(i1)- ISSRS’CL(il) is the transmission power of SRS after scaling and where

FA)SRS’cl (i) isthelinear value of Pgg  (i1) described in section 5.1.3.1, and V(i) isascaling factor of ISSRSCl (i1

for serving cell €, € CGL where 0< V(i) <1. Notethat V(i) values are the same across serving cells within the
same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe i1inaTAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe 11for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(il), the UE scales FA’SRS’cl (i2) for the
serving cell C; € CGL and each of the overlapped SRS SC-FDMA symbolsin subframe i1 such that the condition

Zv(il) . ISSRS,cl (i1) < SA(i1) issatisfied, where FA"SRS’Cl (i) =v(il)- FA’SRS’cl(il) is the transmission power of
ceCG1

SRS after scaling, and where V(il) isascaling factor of FA)SRS’Cl (i1 for serving cell ¢, where 0 < Vv(i1l) <1. Note

that v(i1) values are the same across serving cells within a cell group.

SA(i1) isdetermined as follows
0,

R ~ maxy ~ . ~L
S4(i1) = PCMAX (il,i2) - Pq4(i 2) —-min PCMAX (|11|2) '%_ 3140 2)
P (i2)
where
- IfCGlisMCG and CG2 is SCG
Féq4(i 2) = lSPRACH _cez(i 2) + IS'PUCCH _CG2 (i 2) + Z IS'PUSCH A (i 2)

¢,eCG2

Pa(i2)= > Prs,(i2)

¢,cCG2

- ifCG1isSCGand CG2isMCG
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Py (' 2) = Porach _ce2 (i2)+ PIPUCCH _ce2 (i2)+ Z P'PUSCH c2 (i2)+ Z F)'SRSC2 (i2)

¢,eCG2 ¢,eCG2

- PL(i2)=0

if the UE has no PUCCH transmission or has a shortened PUCCH transmission in subframe 12 of CG2,
P’ PUCCH _CG2 (12) =0; otherwise P PUCCH _CG2 (i2)= P PUCCH _CG2 (i2)

if the UE has no PUSCH transmission in the last symbol of subframe 12 of serving cell €, € CG2,
5 PUSCH G, (12)=0; otherW|seP PUSCH ¢, (i2)= P|PUSCH © (12)

if the UE has PRACH transmission in CG2 that overlaps with the last symbol of subframe |2 of CG2,

lSPRACH _cez(i 2)= IE\)PRACH _cez(i 2) ; otherwise ISPRACH _cc;z(i 2)=0

For both cell groups

if the PUCCH/PUSCH transmission of the UE on subframe i1 for agiven serving cell inaTAG of CG1
overlaps some portion of the first symbol of the PUSCH transmission on subframe i1+ 1 for adifferent serving

cell in another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+ 1 for a
serving cell in another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the

total transmission power of the UE across all CGs does not exceed Py, ON any overlapped portion.

if the PUSCH transmission of the UE on subframe i1 for agiven serving cell ina TAG of CG1 overlaps some
portion of the first symbol of the PUCCH transmission on subframe i1+ 1 for adifferent serving cell in another

TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+ 1 for aserving cell in
another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the total transmission

power of the UE across all CGs does not exceed P, 0N any overlapped portion.

if the SRS transmission of the UE in asymbol on subframe 11 for agiven serving cell in a TAG of CG1
overlaps with the PUCCH/PUSCH transmission on subframe 11or subframe i1+1 for adifferent serving cell

in the same or another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe i2+1
for aserving cell of CG2, the UE shall drop the SRSin CG1 if itstotal transmission power across al CGs

exceeds P, Onany overlapped portion of the symbol.

if the SRS transmission of the UE in a symbol on subframe i1 for agiven serving cell in CG1 overlaps with the
SRS transmission on subframe 11 for adifferent serving cell(s) in CG1 or overlaps with SRS transmission on
subframe 12 for aserving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe ilor subframe i1+1 for another serving cell(s) in CG1, and/or if the SRS
transmissions overlap with PUSCH/PUCCH transmission on subframe 12+ 1 for aserving cell of CG2, the UE
shall drop the SRS transmissionsin CG1 if itstotal transmission power across all CGs exceeds Py, Onany
overlapped portion of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe ilor subframe i1+1 ina
secondary serving cell in CG1 and/or to transmit PRACH on subframei2+1 in aserving cell in CG2 in parallel
with SRS transmission in a symbol on subframe i1 of adifferent serving cell belonging to a different TAG of
CG1, drop SRSin CG1 if itstotal transmission power across all CGs exceeds P, 0N any overlapped portion
of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe i1+ 1 in asecondary serving cell
in CG1 and/or to transmit PRACH on subframe 12+ 1 inaserving cell in CG2 in parallel with
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PUSCH/PUCCH on subframe i1 in adifferent serving cell belonging to a different TAG of CG1, adjust the
transmission power of PUSCH/PUCCH in CGL1 so that the total transmission power of the UE across all CGs

does not exceed P, on the overlapped portion.

5.1.4.2 Dual connectivity power control Mode 2

If subframe i1 of CG1 overlapsin time with subframe 12—1 and subframe 12of CG2, and if the UE has
transmission(s) in subframe i1 of CG1,

- if the UE determines based on higher layer signalling that transmission(s) in subframe i1 of CG1 cannot
overlap in time with transmission(s) in subframe 12 of CG2, the UE shall determine

o | Py,
P, (i) =min{ - . oA ) _
Powax (1Li2-1) — PPRACHfCGl(Il) — P, (i2-1) - PoracH co2 (i2-1

- Otherwise, the UE shall determine
P.(iD),

o P Vee2
P 1L12-1) ===,
emax (1L ) 100

I:A)CMAX (i Li2- 1) - lsPRACHfCGl(i 1) — max lséez(i 2— 1) + lsPRACHfCGZ(i 2— 1),
PPRACH_CGZ (i 2)

P, (i1) =min

where,

D) = Procon_cos1+ 3 (P (10 + Pl (11

c=CG1

If’CM ax (1112 —1) isthe linear value of configured transmitted power for Dual Connectivity for the subframe
pair (i1,i2 —1), asdescribed in [6];

P i1)=0
- Pruson (1) , if the UE does not have a PUSCH transmission in serving cell C€ CGlL,

- Prucen —CGl(I =0 if the UE does not have a PUCCH transmission in CG1;

51 /; _ .
- PCGZ(I 2-1)= Oif the UE has no transmission of PUCCH, PUSCH, or SRSin subframe ! 2-1 of CG2;
. Yeer=uce | gng Yee2 =76 if CG1isMCG and CG2is SCG;

. Yot =Vsxc6 | gng Yeo2 T Vwce | if cG1is SCG and CG2isMCG;

- e and V56 gre given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

- If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, If’F,RACH cea(iD) isthe

linear value of the transmission power of that PRACH transmission; otherwise, If’PRACH car(iD) =0.
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- If the UE hasa PRACH transmission for CG2 overlapping with subframe 12 of CG2, and if the transmission
timing of the PRACH transmission (according to subclause 6.1.1) is such that the UE is ready to transmit the

PRACH at |east one subframe before subframe 12 of CG2, Pogacy _c2(i2) isthelinear value of the

transmission power of that PRACH transmission; otherwise, Py ce2(i2)=0.

- If the UE has a PRACH transmission for CG2 overlapping with subframe i2-1 of CG2,

Porach ce2 (12—1) isthelinear value of the transmission power of that PRACH transmission; otherwise,

PRACH_CG2 (i 2— 1) =0.

D

- Paisc(iD) isdetermined asfollows

- if the UE does not have an SRS transmission in subframe i1 of serving cell ce CGl or if the UE drops the
SRS transmission in subframe 11 of serving cell Ce CGldue to collision with aPUCCH transmission in
subframe i1 of serving cell €€ CGl

- P (i) =0,

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 11 of
serving cell CE CGl1

lssas,c (il) = IsSRS,c (il) ;

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe i1 of serving cell C€ CGL

2 0,
P c(ll) =Mmax<4 ~ . 2 .
- {PSRS,C(I:L) - PPUCCH _CGl(I 1)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe i1 of serving cell €€ CGL

2 0,
Prs (i) =maxs ~ = .
e {Psas,c(ll) ~ Pousen ,c(ll)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe
i1 of serving cell C€ CGL

S 0,
Prsc(i)=maxy s 4 N5 .
™ {Psas,col) — Pousc c (i1) - Poucen _CGl(Il)}

where FA’SRS,C(i 1) isthelinear value of Pgg (i1) described in section 5.1.3.1.

If IsPUCCH_CGl(i ) would exceed I%Gl(i)  the UE scales Poyeqy _cea(l) such that the condition
) Poyeeyr co1(i) < Pley (i) is satisfied where
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- if CG1isMCG, ﬁ’PUCCH_CGl(i) isthe linear value of Poyccp (i) corresponding to PUCCH transmission on the

primary cell, in case thereis no PUCCH transmission in subframe i on the primary cell IE)PUCCH_CGl(i) =0.

- if CG1lisSCG, ﬁPUCCH_Cel(i) isthe linear value of Prycep (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframei on the PSCell IE)PUCCH_CGl(i) =0.

Prusch,c(i) isthe linear value of Poyscyy ¢(i)
- 0< (i) <lisascaing factor of ISPUCCH_Cel(i) .

If the UE has PUSCH transmission with UCI on serving cell  j € CG1, and FA’PUSCH’J. (i) would exceed If’ClGl(i) the
UE scales ISPUSCH’j(i) such that the condition 0{2(i)-|3PUSCH,j(i)S P (i) is satisfied where FA’PUSCH’].(i) isthe
linear value of the PUSCH transmit power for the cell with UCI, and 0< a2(i) < lisascaling factor of

FA’PUSCH’J- (i) for serving cell  j e CG1.

If the total transmit power across all the serving cells of a cell group CG1 would exceed Ischl(i) , the UE scales
Peuscr,c(i) for the serving cell e CGL in subframei such that the
condition Zw(i) : FA’PUSCH,c ()< (Ischl(i) - ISPUCCH_CGI(i)) is satisfied; andw(i) isascaling factor of

=CG1

ﬁpUSCH,C(i)forservingcell c where 0<w(i)<1.

If the UE has PUSCH transmission with UCI on serving cell j € CG1 and PUSCH without UCI in any of the

remaining serving cells belonging to CG1, and the total transmit power across all the serving cells of CG1 would

exceed If’(:lGl(i) , the UE scales Ppyscp ¢ (i) for the serving cells belonging to CG1 without UCI in subframe i such

that the condition > (i) - Pougorro (1) < (Psy (i) — Pogecn (1)) is satisfied
ceCGl, c#]j
where ISPUSCH’j(i) isthe PUSCH transmit power for the cell with UCI and W(i) is a scaling factor of ISPUSCH’C(i)for

serving cell C without UCI. Inthiscase, no power scaling is applied to ISPUSCH,J'(i)

unless Z w(i)- FA’PUSCH (1) =10 and thetotal transmit power across all of the serving cells of the CG1 still would
ceCGl,c#]j

exceed PL, (i) .

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j € CG1 and PUSCH
transmission without UCI in any of the remaining serving cells belonging to CG1, and the total transmit power across

all the serving cells of the CG1 would exceed P2 (i), the UE obtains Peuscr,e() aecorg ng to

A~

PPUSCH,j ()= min(lsPUSCH,j (), (Isclel(i) - ISPUCCH_CGl(i))) and
ZW(i) ’ ISPUSCH,c(i) < (Isclel(i) - ISPUCCH_CGl(i) - ISPUSCH,]' ('))

ceCGl, c#j

where

- if CG1isMCG, ﬁ’PUCCH_CGl(i) isthe linear value of Poyccy (i) corresponding to PUCCH transmission on the
primary cell.
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- if CG1lisSCG, ISPUCCH_Cel(i) isthe linear value of Ppyccp (i) corresponding to PUCCH transmission on
PSCell.

Note that w(i) values are the same across serving cells within a cell group whenw(i) > O but for certain serving cells
within the cell group wW(i) may be zero.

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells

within a TAG of acell group CG1 would exceed I%Gl(i) ,the UE scales Py (i) for the serving cell  ce CGland
the SC-FDMA symbol in subframe i such that the condition

. - . 1 .
ZVO)' PSRSC(I) < PCGl(I)
=CG1
is satisfied where Pyso(i) isthelinear value of Py (i) described in section 5.1.3.1, and V(i) isascaling factor of
Pgsc(i) forservingcell ce CGL where 0< V(i) < 1. Notethat V(i) values are the same across serving cells
within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe 1 inaTAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE for

the Sounding Reference Symbol in the overlapped portion would exceed If’(:lGl(i) , the UE scales |55Rs,c(i) for the
serving cell ce CGL and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the condition
. ey . "1 .
ZVO)‘ PSRS,c (') < Pce1(|)
ceCGl
is satisfied where Pys (i) isthelinear value of Py (i) described insection 5.1.3.1, and V(i) isascaling factor of
Pys.c(i) for servingcell ce CGL where 0< V(i) < 1. Notethat V(i) values are the same across serving cells
within the same CG.

For acell group CG1

- if the UE is configured with multiple TAGs within CG1, and if the PUCCH/PUSCH transmission of the UE on
subframe 1 for agiven serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUSCH

transmission on subframe i +1 for adifferent serving cell in another TAG of CG1, the UE shall adjust its total
transmission power of CGL1 to not exceed F’ClGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
i for agiven serving cell ina TAG of CG1 overlaps some portion of the first symbol of the PUCCH

transmission on subframe 1+1 for adifferent serving cell in another TAG of CG1 the UE shall adjust its total
transmission power of CGL1 to not exceed PclGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the SRS transmission of the UE in a symbol on
subframe | for agiven serving cell ina TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

subframe i or subframe i1 +1 for adifferent serving cell in the same or another TAG of CG1 the UE shall drop
SRSif itstotal transmission power of CG exceeds F’ClGl on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in asymbol on subframe | for agiven serving cell in the CG1 overlaps with the
SRS transmission on subframe | for a different serving cell(s) in CG1 and with PUSCH/PUCCH transmission

on subframe | or subframe i +1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissionsin

CGL1 if thetotal transmission power of CG1 exceeds |5C161 on any overlapped portion of the symbol.

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 40 ETSI TS 136 213 V13.0.0 (2016-05)

if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of a different serving cell belonging to adifferent TAG of CG1, drop SRSin CGL1 if the total

transmission power of CG1 exceeds FA’ClGl on any overlapped portion in the symbol.

if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CGL1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to adifferent TAG in CG1, adjust the transmission power of PUSCH/PUCCH in CG1 so that its total

~

transmission power of CG1 does not exceed PclGl on the overlapped portion.

Table 5.1.4.2-1: ¥\ (0Or Y4c) values for determining power allocation for dual connectivity

(o?ﬁggﬁs) Yuce (OF Yesa ) Value (in %)
0 0
1 5
2 10
3 15
4 20
5 30
6 37
7 44
8 50
9 56
10 63
11 70
12 80
13 90
14 95
15 100

515 Power allocation for PUCCH-SCell

If aUE is configured with a PUCCH-SCell, power allocation for serving cellsin the primary PUCCH group and
secondary PUCCH group is performed according to section 5.1.4.1, with the following exceptions:

5.2

theterm ‘MCG’ isreplaced by ‘primary PUCCH group’;
theterm *SCG’ isreplaced by ‘secondary PUCCH group’;

i1=i2=1i and FA’CMAX (iLi2)= FA’CMAX (i) isthelinear value of the UE total configured maximum output

power Prya defined in[6] in subframei; and

Yvce = Ysce =0.

Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

For the purpose of RSRP and RSRQ measurements, the UE may assume downlink cell-specific RS EPRE is constant
across the downlink system bandwidth and constant across all subframes with discovery signal transmissions until
different cell-specific RS power information is received.

For acell that isnot aLAA Scell, the UE may assume downlink cell-specific RS EPRE is constant across the downlink
system bandwidth and constant across all subframes until different cell-specific RS power information is received.

The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power
given by the parameter referenceS gnalPower provided by higher layers. The downlink reference-signal transmit power
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is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific
reference signals within the operating system bandwidth.

For aLAA SCell, the UE may assume that the EPRE of downlink cell-specific RS in subframe n is same as the EPRE
of downlink cell-specific RS in subframe n-1, if all OFDM symbols of at least the second slot of subframe n-1, are
occupied.

Theratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol index as given by

Table5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, or 256QAM, spatial
multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission
scheme,

- pa isequal t0 e orsr T Pa +101009,,(2) [dB] when the UE receives a PDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- pa isequal 100,y ore T Pa [dB] otherwise

where 5power_offset is0dB for all PDSCH transmission schemes except multi-user MIMO and where P, isa UE specific
parameter provided by higher layers.

For a UE configured with higher layers parameter servCellp-a-ri12, and the UE in transmission modes 8-10 when UE-
specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-
7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission
schemes or spatial multiplexing using a single transmission layer, and the PDSCH transmission is not associated with
the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled
by C-RNTI,

- pa isequa to P,; +10- |Og10 (2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- pa isequal to P, [dB] otherwise
and where P,; is given by the parameter servCellp-a-r12.

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, or 256QAM, thisratio is0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSsis 0 dB.

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RSis 0 dB for number of transmission layers less than or egqual to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across al OFDM symbols that contain positioning reference signalsin a given positioning reference
signal occasion [10].

For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE
of CSI-RSis constant across the downlink system bandwidth and constant across all subframes with discovery signal
transmissions for each CSI-RS resource.
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If aserving cell is not configured for aUE asa LAA Scell, and if CSI-RSis configured in the serving cell then the UE
shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all
subframes for each CSI-RS resource.

If aserving cell is configured for aUE asaLAA Scell, the UE may assume that EPRE of CSI-RSin subframen2is
same as EPRE of CSI-RSin earlier subframe nl, if all OFDM symbols of subframe nl and all subframes between
subframe n1 and subframe n2, are occupied.

The cell-specific ratio pg/ p, isgiven by Table 5.2-1 according to cell-specific parameter P; signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

PB pB /pA
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS
EPRE isequal to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the

OFDM symbol indices within a slot where the

Number of | ratio of the corresponding PDSCH EPRE to the | ratio of the corresponding PDSCH EPRE to the
ant(;arrga cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
P Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
One or two 1,2,3 56 1,2,45 0,4 0,3
Four 2,356 2,4,5 0,14 0,1,3

Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the
ratio of the corresponding PDSCH EPRE to the

OFDM symbol indices within a slot where the
ratio of the corresponding PDSCH EPRE to the

Number
of cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
antenna Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
ports ngmod2 | ngmod2=| ngmod2 | ngmod2 | ngmod2 | ngmod2 | Ngmod2 | Ngmod 2
=0 1 =0 =N =0 =1 =0 =1
One or 1, 2,34, 0,123, 1,2,3,4, | 0,1,2,3, 0 ) 0 i
two 5,6 4,56 5 4,5
2,3,4,5, 0,1,23, 0,1,23,
Four 6 4.5, 6 2,4,3,5 45 0,1 - 0,1 -
5.2.1 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(N,qg ) is defined as follows:

0 if EA(nPRB)
E(P)

RNTP(Npgg) =
1 if

ETSI
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where E,(Npgg) isthe maximum intended EPRE of UE-specific PDSCH REsin OFDM symbols not containing RS
inthis physical resource block on antenna port p in the considered future time interval; N, isthe physical resource
block number Npeg =0,...,Ngg —1; RNTR, 4.4 takes on one of the following

valuesRNTP,, 4 € {~0,-11,-10,-9,-8,-7,-6,-5,-4,~3,-2,~1,0,+1+2,+3}[dB] and

p(P),i
T Af

max_nom DL RB
Ngs - N

where Prr(];z is the base station maximum output power described in[7], and Af | NF?BL and NSCB are defined in [3].
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6 Random access procedure

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘ secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

- Random access channel parameters (PRACH configuration and frequency position)

- Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Ng), and set type (unrestricted or restricted set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocksin a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preamble transmission.

The following steps are required for the L1 random access procedure:
- Layer 1 procedure istriggered upon request of a preamble transmission by higher layers.

- A preamble index, atarget preamble received power (PREAMBLE_RECEIVED _TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

- A preamble transmission power Pprach IS determined as
Perack = Min{ Popax ¢ (i), PREAMBLE_RECEIVED_TARGET_POWER+ PL; }_[dBm], where

Pcmax c (i) isthe configured UE transmit power defined in [6] for subframei of servingcell ¢ and PL is
the downlink path loss estimate calculated in the UE for serving cell c.

- A preamble sequence is selected from the preamble sequence set using the preambl e index.

- A single preambleis transmitted using the selected preamble sequence with transmission power Pogacy ON the
indicated PRACH resource.

- Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers
(see[8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is passed to higher layers. The
higher layers parse the transport block and indicate the 20-bit uplink grant to the physical layer, whichis
processed according to subclause 6.2.

6.1.1 Timing

For the L1 random access procedure, UE's uplink transmission timing after a random access preamble transmission is as
follows.

a) If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport
block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the
response, transmit an UL-SCH transport block in the first subframe n+k;, k; =6, if the UL delay field in
subclause 6.2 is set to zero where n+k; isthefirst available UL subframe for PUSCH transmission, where for TDD
serving cell, thefirst UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the
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parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the
next available UL subframe after n+k; if thefieldissetto 1.

b) If arandom access response is received in subframe n, and the corresponding DL-SCH transport block does not
contain aresponse to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to
transmit a new preamble sequence no later than in subframe n+5.

¢) If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.

In case arandom access procedure is initiated by a"PDCCH order” in subframe n, the UE shall, if requested by higher
layers, transmit random access preamble in the first subframe n+k,, k, =6, where a PRACH resource is available.

If aUE is configured with multiple TAGs, and if the UE is configured with the carrier indicator field for a given serving
cell, the UE shall use the carrier indicator field value from the detected "PDCCH order” to determine the serving cell for
the corresponding random access preambl e transmission.

6.2 Random Access Response Grant

The higher layersindicate the 20-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8].
Thisisreferred to the Random Access Response Grant in the physical layer.
The content of these 20 bits starting with the MSB and ending with the LSB are as follows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 bits

- Truncated modulation and coding scheme — 4 bits
- TPC command for scheduled PUSCH — 3 hits

- UL delay — 1 bit

- CSl request — 1 bit

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding to the
Random Access Response Grant and the PUSCH retransmission for the same transport block.

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no PUSCH
frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via
the fixed size resource block assignment detailed below.

The fixed size resource block assignment field isinterpreted as follows:
if Ngg <44
Truncate the fixed size resource block assignment to its b least significant bits, where

b= (Iog2 (N o (N oS +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules for a
regular DCI format O

else

Insert b most significant bits with value set to ‘0" after the Ny,_nop hopping bitsin the fixed size resource block
assignment, where the number of hopping bits Ny, nep IS zero when the hopping flag bit is not set to 1, and is defined

in Table 8.4-1 when the hopping flag bitissetto 1, and b= U—Iog2 (N g (N RE +1)/ 2)-‘ —10) , and interpret the
expanded resource block assignment according to the rules for aregular DCI format O

end if
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The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15in Table 8.6.1-1.

The TPC command J,,s;, shall be used for setting the power of the PUSCH, and isinterpreted according to Table 6.2-
1

Table 6.2-1: TPC Command Jy,, for Scheduled PUSCH

TPC Command | Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based random access procedure, the CSI request field isinterpreted to determine whether an aperiodic
CQI, PMI, RI, and CRI report isincluded in the corresponding PUSCH transmission according to subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay appliesfor TDD, FDD and FDD-TDD and this field can be set to 0 or 1 to indicate whether the delay of
PUSCH isintroduced as shown in subclause 6.1.1.

7 Physical downlink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
unless stated otherwise

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells', ‘serving cell’, and
‘serving cells' inthis clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the
MCG respectively unless stated otherwise. The terms ‘ subframe’ and ‘ subframes’ refer to subframe or subframes
belonging to MCG.

- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘ serving cell’ and
‘serving cells' inthis clause refer to secondary cell, secondary cells (not including the PSCell), serving cell,
serving cells belonging to the SCG respectively unless stated otherwise. The term ‘primary cell’ in this clause
refers to the PSCell of the SCG. The terms ‘subframe’ and ‘ subframes’ refer to subframe or subframes belonging
to SCG

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of 8 downlink HARQ processes per
serving cell.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, the maximum number of downlink HARQ processes per
serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), asindicated in Table 7-1.

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure
type 2, the maximum number of downlink HARQ processes for a serving cell shall be determined asindicated in Table
7-1, wherein the "TDD UL/DL configuration” in Table 7-1 refersto the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2).
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For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of
downlink HARQ processes for the serving cell shall be determined by the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2), asindicated in Table 7-2.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for FDD, TDD and FDD-TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration | Maximum number of HARQ processes
4
7
10
9
12
15
6

OB |WIN|FL|O

Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type
2, and serving cell frame structure type 1

DL-reference UL/DL Maximum number of HARQ processes
Configuration

10
11
12
15
16
16
12

O WIN|IFL|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-
SubframeConfigList-v12x0 or by laa-SCell SubframeConfig of serving cell ¢, a UE shall

- upon detection of a PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended for the UE in a subframe, or

- upon detection of an EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, or 2D intended
for the UE in a subframe

decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined
in the higher layers.

If aUE is configured with more than one serving cell and if the frame structure type of any two configured serving cells
is different, then the UE is considered to be configured for FDD-TDD carrier aggregation.

Except for MBMS reception, the UE is not required to monitor PDCCH with CRC scrambled by the SI-RNTI on the
PSCell.

A UE may assume that positioning reference signals are not present in resource blocksin which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for a given serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in subclause 9.1 when the PDCCH/EPDCCH CRC is scrambled by C-
RNTI or SPS C-RNTI.
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If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHsis by SI-RNTI.

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2.
The scrambling initialization of PDSCH corresponding to these PDCCHs is by P-RNTI.

The UE is not required to monitor PDCCH with CRC scrambled by the P-RNTI on the PSCell.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to
decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-
RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the G-RNTI or SC-RNTI, the UE
shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-4.
The scrambling initialization of PDSCH corresponding to these PDCCHsisby G-RNTI or SC-RNTI.
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Table 7.1-4: PDCCH and PDSCH configured by G-RNTI or SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH

Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see

subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH according to one of the transmission modes, denoted mode 1 to mode 10.

For LAA Scells, the UE is not expected to receive PDSCH data transmissions signalled via PDCCH/EPDCCH
according to transmission modes 5,6,7.

For frame structure type 1,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

the UE is not expected to receive PDSCH resource blocks transmitted on antennaport 5, 7, 8, 9, 10, 11, 12, 13 or
14 in the two PRBs to which a pair of VRBsis mapped if either one of the two PRBs overlapsin frequency with
atransmission of either PBCH or primary or secondary synchronization signals in the same subframe;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed
VRB resource alocation is assigned.

The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.  If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CPis equal to four;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBsto
which apair of VRBsis mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

the UE is not expected to receive PDSCH resource blocks transmitted on antennaport 7, 8, 9, 10, 11, 12, 13 or
14 in the two PRBs to which a pair of VRBsis mapped if either one of the two PRBs overlaps in frequency with
atransmission of primary or secondary synchronization signals in the same subframe;

with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed
VRB resource allocation is assigned in the special subframe with configuration #1 or #6;

the UE is not expected to receive PDSCH on antennaport 7 for which distributed VRB resource allocation is
assigned;

with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5in DWPTS when the UE is configured with specia subframe configuration 9.

The UE may skip decoding the transport block(s) if it does not receive al assigned PDSCH resource blocks.  If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by C-RNTI.

If aUE is configured by higher layersto decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHsis by C-RNTI.
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If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives aDCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHYEPDCCHSsis by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 or by laa-SCell SubframeConfig of
serving cell ¢ except in subframes for the serving cell

- indicated by higher layersto decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion isonly configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2RS! | i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to adetected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.

ETSI



3GPP TS 36.213 version 13.0.0 Release 13

51

ETSI TS 136 213 V13.0.0 (2016-05)

Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode DIE! omr e AT HPEee corresponding to PDCCH
Mode 1 DCI format 1A Sg‘g?;cr;fzngy C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A Commor_l _and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A ngg]eocri]ﬁ?:ngy C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 Large delay CDD bclause 7.1.3) or Transmit
DCI format 2A UE specific by C-RNTI d_arge_ eay (see subclause 7.1.3) ~or Transmi
iversity (see subclause 7.1.2)
DCI format 1A Sgrgr:;cr;ﬁingy C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI f t2 UE ific by C-RNTI Closed-loop spatial multiplexing (see subclause 7.1.4)or
orma specitic by &- Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A ngg]eocri]ﬁ?:ngy C-RNTI Transmit diversity (see subclause 7.1.2)
DCl format 1D | UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
DCI format 1A Sg‘;?eocr;ﬁi ngy C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 6 Closed fial multiplexi bolause 7.1.4
DCl format 1B | UE specific by C-RNTI osed-loop spatial multiplexing (see subclause 7.1.4)
using a single transmission layer
Common and If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A UE specific by C-RNTI antenna port, port_O is usgd (see subclause 7.1.1),
otherwise Transmit diversity (see subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DCI format 1A UE specific by C- antenna port, port 0 is used (see subclause 7.1.1),
pecific by C-RNTI ; o .
otherwise Transmit diversity (see subclause 7.1.2)
Mode 8 ——
Dual layer transmission, port 7 and 8 (see subclause
DCI format 2B UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
¢ Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
DCI format 1A C-RNTI diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Mode 9 subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7, 8, 11, or 13 (see
DCI format 2C UE specific by C-RNTI subclause 7.1.1) if UE is configured with higher layer
parameter dmrs-tableAlt, single-antenna port, port 7 or 8
(see subclause 7.1.1) otherwise
¢ Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port O is
Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
DCI format 1A C-RNTI diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Mode 10 subclause 7.1.1)

DCI format 2D

UE specific by C-RNTI

Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7, 8, 11, or 13 (see
subclause 7.1.1) if UE is configured with higher layer
parameter dmrs-tableAlt, single-antenna port, port 7 or 8
(see subclause 7.1.1) otherwise
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search . .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A tijCSpF?,fg_llc Single-antenna port, port O (see subclause 7.1.1)
Mode 1 =
DCI format 1 g;é'i:ﬁ}ﬂf Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A UE specific Transmit diversity (see subclause 7.1.2)
by C-RNTI
Mode 2 UE specific I .
DCI format 1 by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A tijCSpF?,fg_llc Transmit diversity (see subclause 7.1.2)
Mode 3 DCI f UE specific Large delay CDD (see subclause 7.1.3) or Transmit diversity (see subclause
ormat 2A
by C-RNTI 7.1.2)
DCI format 1A tJECs'geﬁ.lf_'f Transmit diversity (see subclause 7.1.2)
Mode 4 Y - - —— —
DCI format 2 UE specific Closed-loop spatial multiplexing (see subclause 7.1.4)or Transmit diversity
by C-RNTI (see subclause 7.1.2)
DCI format 1A tijCSpF?,fg_llc Transmit diversity (see subclause 7.1.2)
Mode 5 =
DCI format 1D g;é'i:ﬁ}ﬂf Multi-user MIMO (see subclause 7.1.5)
DCI format 1A tJECs'geﬁ.lf_'f Transmit diversity (see subclause 7.1.2)
Mode 6 Y - - —— - -
DCI format 1B UE specific Closed_-lopp spatial multiplexing (see subclause 7.1.4) using a single
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
y C-RNTI
Mode 7 7.1.2)
DCI format 1 tijCSpF?,fg_llc Single-antenna port, port 5 (see subclause 7.1.1)
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
y C-RNTI
Mode 8 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 9 e MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
DCI format 2C UE specific antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with
by C-RNTI higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see
subclause 7.1.1) otherwise
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-a_lntgnna'port, port O is used (see subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 10 . MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
DCI format 2D UE specific antenna port, port 7, 8, 11, or 13 (see s_ubclause 7.1.1) if UE is configured with
by C-RNTI higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see
subclause 7.1.1) otherwise

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration appliesin the case that aPDSCH is
transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs
and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

If aUE is configured by higher layersto decode EPDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration appliesin the case that a PDSCH is
transmitted without a corresponding EPDCCH. The scrambling initialization of PDSCH corresponding to these
EPDCCHs and PDSCH without a corresponding EPDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHYEPDCCHs and for PDSCH without a corresponding PDCCH/EPDCCH is by SPS C-
RNTI.
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When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 of serving cell ¢ except in subframes for
the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion isonly configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2"RS! | i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to adetected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of Ny, and the scrambling

identity of N (as defined in subclause 6.10.3.1 of [3]) derived from the DCI format 2D corresponding to the
associated SPS activation for UE-specific reference signal generation.

Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCI format Search Space PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A Common gnd Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI o
DCI format 1 UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 2A UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 4 DCI format 1A UE specific by C-RNTI Transm?t dfvers?ty (see subclause 7.1.2)
DCI format 2 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and .
Mode 7 DCI format 1A UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A Common _and Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 UE specific by C-RNTI ' o
DCI format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Common and .
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if
DCI format 2C UE specific by C-RNTI | UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise
Common and .
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if
DCI format 2D UE specific by C-RNTI | UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission DClI format | Search Space Transmission scheme of PDSCH corresponding to
mode P EPDCCH
DCI format 1A g_ERT\Ipﬁcmc by Single-antenna port, port 0 (see subclause 7.1.1)
Mode 1 —
DCI format 1 g_ER‘T‘\IpTeIC'ﬂC by Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A g_ER‘T‘\lpﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific b
DCI format 1 C-RNpTI Y Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\Ipﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 3 UE specific by
DCI format 2A C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ER‘T‘\lpﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 4 UE specific b
DCI format 2 C-RNpTI Y Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A g_ERT\Ipﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 6 DCI format 1A g_ER‘T‘\IpTeIC'ﬂC by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ER‘T‘\lpﬁcmc by Single-antenna port, port 5 (see subclause 7.1.1)
Mode 7 —
DCI format 1 g_ERT\Ip.ﬁcmc by Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A g_ERT\IpTequlc by Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 —
DCI format 2B g_ER‘T‘\IpTeIC'ﬂC by Single-antenna port, port 7 or 8 (see subclause 7.1.1)
DCI format 1A g_ERT\Ip.ﬁC'f'C by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 UE specific b Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is
DCI format 2C C-RNpTI Y configured with higher layer parameter dmrs-tableAlt, Single-antenna
port, port 7 or 8, (see subclause 7.1.1) otherwise
DCI format 1A g_ERT\Ip.ﬁcmc by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10 UE specific b Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is
DCI format 2D C-RNpTI Y configured with higher layer parameter dmrs-tableAlt, Single-antenna
port, port 7 or 8, (see subclause 7.1.1) otherwise

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHsis by Temporary C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format

Search Space

Transmission scheme of PDSCH corresponding to PDCCH

Common and

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see

DCI format 1A | UE specific ; o .
by Temporary C-RNTI subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
UE specific If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see

DCI format 1

by Temporary C-RNTI

subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

The transmission schemes of the PDSCH are described in the following sub-subclauses.

7.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].
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If the UE is not configured with higher layer parameter dmrs-tableAlt, and in case an antennaport pe{7,8 isused,
the UE cannot assume that the other antenna port inthe set {7,8} is not associated with transmission of PDSCH to
another UE.

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on
antennaport pe{7,81113 corresponding to one codeword values5-11 in Table 5.3.3.1.5C-2 [4] isused, the UE

cannot assume that the other antenna portsinthe set {7,811,13 is not associated with transmission of PDSCH to
another UE.

7.1.2  Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to subclause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in subclause 6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in subclause 6.3.4.2.1 of [3].

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to subclause 6.3.4.2.1 of [3]. The 5power_offset dB value

signalled on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field isgivenin Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5power_offset value.

Downlink power offset field 5powe,_0ffset [dB]

0 -10'0910(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in subclause 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in subclause 6.3.4.4 of [3].

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of dual layer transmission scheme on
antenna ports{7,8} or{11,13 corresponding to two codewords values 2-5 in Table 5.3.3.1.5C-2 [4] ] s used, the UE

cannot assume that the other antenna portsintheset {7,8,11,13 is not associated with transmission of PDSCH to
another UE.

7.1.6 Resource allocation
The UE shall interpret the resource alocation field depending on the PDCCH/EPDCCH DCI format detected. A

resource alocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.
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PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type
1 resource alocation have the same format and are distinguished from each other via the single bit resource allocation
header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), wheretype O is
indicated by O value and type 1 isindicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have atype 2
resource allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
PDCCH DCI formats with atype 2 resource alocation do not have a resource allocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with
type 1 resource alocation have the same format and are distinguished from each other viathe single bit resource
alocation header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), where type
Oisindicated by 0 value and type 1 isindicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have atype 2
resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
EPDCCH DCI formats with atype 2 resource allocation do not have a resource all ocation header field.

A UE may assume, for any PDSCH transmission scheduled by a cell with physical cell identity givenin NAICS
Assistancel nfo-r12 and the PDSCH transmission mode belonging to transmissionModeList-r12 associated with the cell
except spatial multiplexing using up to 8 transmission layers in transmission mode 10, that the resource allocation
granularity and precoding granularity in terms of PRB pairsin the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
PRB pairs of the resource alocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding appliesto al PRB pairs within a set.

7.16.1 Resource allocation type O

In resource allocations of type 0, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBS) of localized type as defined in subclause 6.2.3.1 of [3]. Resource block group size (P) is afunction of

the system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs ( Nggg ) for downlink system bandwidth
of N3t isgivenby Nggg = ’_NSBL /P-‘ where LN% / PJ of the RBGs are of sizePand if NS modP >0 then one

of the RBGs s of sizeNB5 — P-|NBS /P . The bitmap is of size Nggg bits with one bitmap bit per RBG such that

each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG
sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is in such way that RBG 0 to

RBG Nggg —1 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit
value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

Table 7.1.6.1-1: Type O resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NSL (P
<10 1
11-26 2
27 -63 3
64— 110 4
7.1.6.2 Resource allocation type 1

In resource alocations of type 1, aresource block assignment information of size Nggs indicatesto ascheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in subclause 6.2.3.1 of [3]. Also P isthe RBG size associated with the system bandwidth as shown in Table

7.1.6.1-1. ARBG subset P, where 0< p< P, consistsof every P th RBG starting from RBG . The resource
block assignment information consists of three fields [4].

Thefirst field with [log,(P) | bitsis used to indicate the selected RBG subset among P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift is triggered. Shift is not triggered otherwise.
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The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
alocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not alocated to the UE otherwise.

The portion of the bitmap used to address VRBsin a selected RBG subset hassize Npy — and is defined as
NZEL =[N 7P| -flog, ()] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ay, (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset isin terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset P isgivenby Ay, (P) = 0. Otherwise, the offset for RBG

subset P isgivenby Ay (P) = NAeC** () — Na ", where the LSB of the bitmap is justified with the

highest VRB number within the selected RBG subset. N2 () isthe number of VRBsin RBG subset [ and
can be calculated by the following equation,
DL _ DL _
M P+P ,p< M mod P
p? P
DL _ bL _
NREC subst () NREZ 1 P+(NRg ~)modP+1 ,p= —NRTD L modp
DL _ bL _
NRB2 1 P p> M‘ mod P
P P

Consequently, when RBG subset p isindicated, bit i for i=0,1,---,Ngs" -1 inthe bitmap field indicates VRB
number,

RBG subsst () _ Li +Agiisi (P)

NyRBe P JPZJF p- P+ (i+Agn (p)) modP.

7.1.6.3 Resource allocation type 2

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
alocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one hit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value O indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are always assigned in case of resource alocation signalled with PDCCH DCI format 1C.
Localized VRB alocations for a UE vary from asingle VRB up to a maximum number of VRBs spanning the system

bandwidth. For DCI format 1A the distributed VRB allocations for aUE vary fromasingle VRB upto NJ:, VRBs,
where NO-. isdefinedin[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI

format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB adlocations for aUE vary fromasingleVRB upto NJ-. VRBs if

N5 is6-49 and vary fromasingle VRB upto 16 if NZ2. is50-110. With EPDCCH DCI format 1B, 1D witha CRC
scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB
dlocations for aUE vary fromasingleVRB upto NO:-, VRBs if NZ is6-49 and vary fromasingle VRB up to 16
if N is50-110. With PDCCH DCI format 1C, distributed VRB alocations for aUE vary from N3® VRB(s) upto
|_N\?IR_B / Nggpj. N VRBswith anincrement step of N3%, where N3 valueisdetermined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.
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Table 7.1.6.3-1: N3 values vs. Downlink System Bandwidth

System BW ( NRDI'S‘) Ngs
DCl format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, atype 2 resource allocation field
consists of aresource indication value (RIV) corresponding to a starting resource block ( RBy,,; ) and alength in terms

of virtually contiguously allocated resource blocks L gg . The resource indication value is defined by
it (Lerge —D) <[ N2 /2] then

RIV = N2 (L —1) + RB

start

ese
RIV = Ngg (Ngg — Leggs + )+ (Ngg —1-RB,,\)

where Lopg> 1 and shall not exceed N, — RBy, -

For PDCCH DCI format 1C, atype 2 resource block assignment field consists of a resource indication value (RIV)

corresponding to a starting resource block ( RBgyt =0, N3P, 2N32,..., (LN5$B/N§§°J—1)N§?)3”0| alength in terms

of virtually contiguously allocated resource blocks (Leggs =NSP, 2N32,..., LN\E’;B / Nggpj. N3®).
The resource indication value is defined by:

it (Lo —1) <[ NZ2L /2] then

RIV = N\’/gé (L(IZRBS - 1) + RB;

art

else
RIV = Nigs (NJgs — Léges +1) + (NVgs —1- RBL,,)
where L(,ZRBS = Lepas/ NFSetsp , RB;art = RBy,, / N§§p and N\,/gé = LN\?I?I_B / NFSetgp J Here,

Lérps> 1 and shall not exceed N,y — RB;

start -

7.16.4 PDSCH starting position

The starting OFDM symbol for the PDSCH of each activated serving cell is given by index |

DataStart *
For a UE configured in transmission mode 1-9, for a given activated serving cell

- if the PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r1l

- lbassart jg given by the higher-layer parameter epdcch-StartSymbol-r11.

- €elseif PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- paasat jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received,
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- Otherwise

- baesat js given by the CFI valuein the subframe of the given serving cell when NS5 >10, and | .qu IS

given by the CFl value + 1 in the subframe of the given serving cell when N35 <10.

For a UE configured in transmission mode 10, for agiven activated serving cell

- if the PDSCH isassigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI

- paasat jg given by the span of the DCI given by the CFl value in the subframe of the given serving cell

according to subclause 5.3.4 of [4].

- if the PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports 0 - 3

- if the PDSCH is assigned by EPDCCH received in the same serving cell

- basat jsgivenby | oyocga O the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (| as defined in subclause 9.1.4.1),

EPDCCHStart
- €elseif PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- lbassat jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received.

- otherwise

- Dazsiart is given by the CFI value in the subframe of the given serving cell when N F?g >10, and | Datastart

is given by the CFl value+1 in the subframe of the given serving cell when NR§ <10.

- if the PDSCH isassigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7

- if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table 7.1.9-1
for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

- ouasn is given by the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table

7.1.9-1 for the serving cell on which PDSCH isreceived.
- dse
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

- oaasn is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received

- otherwise

- loawsen jsgjiven by the CFI valuein the subframe of the given serving cell when N Rs >10, and

baasart s given by the CFI value + 1 in the subframe of the given serving cell when NS% <10.

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from parameter set 1 in table 7.1.9-1 for the serving cell on which
PDSCH isreceived, or if the PDSCH isreceived on subframe 1 or 6 for the frame structure type 2,

- IDataSlan = min(2, IDaIaSlan),
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- otherwise

- I DataStart I DataStart |

- if the PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value of the higher layer parameter pdsch-Sart-r11 determined from the DCI (according to subclause
7.1.9) for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

lpaesas 1S QivVEN by parameter pdsch-Sart-r11 determined from the DCI (according to subclause 7.1.9) for
the serving cell on which PDSCH is received

- dsg

- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

- is given by the higher-layer parameter pdsch-Sart-r10 for the serving cell on which PDSCH is

I DataStart
received

- Otherwise

| s 1S TiVEN by the CFI value in the subframe of the given serving cell when N&§ >10, and

'baasart s given by the CFI value+1 in the subframe of the given serving cell when NS <10.

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from the DCI (according to subclause 7.1.9) for the serving cell on
which PDSCH isreceived, or if the PDSCH is received on subframe 1 or 6 for frame structure type 2,

- IDataStart = min(2, II;)ataStart)
- otherwise
- IDataStart = Ilv)ataStart .
7.1.6.5 Physical Resource Block (PRB) bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocks in the frequency domain when PMI/RI reporting is configured.

For agiven serving cell ¢, if aUE is configured for transmission mode 10

- if PMI/RI reporting is configured for al configured CSl processes for the serving cell ¢, the UE may assume that
precoding granularity is multiple resource blocks in the frequency domain,

- otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain.

Fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size P’ partition the system
bandwidth and each PRG consists of consecutive PRBs. If N% modP’>0 then one of the PRGsis of size

N% - P’\_N % / P’J. The PRG size is non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applieson all scheduled PRBs within a PRG.

The PRG size a UE may assume for a given system bandwidth is given by:
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Table 7.1.6.5-1
System Bandwidth PRG Size (P’)
(Ngg) (PRBS)
<10 1
11 - 26 2
27 - 63 3
64 — 110 2
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7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first

- read the 5-bit "modulation and coding scheme” field (I ,,s) inthe DCI

and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then
- for DCI format 1A:

- setthe Table 7.1.7.2.1-1 column indicator Ny t0 NiRg from subclause 5.3.3.1.3 in [4]
- for DCI format 1C:
- useTable7.1.7.2.3-1 for determining its transport block size.
else
S N,;RB to the total number of allocated PRBs based on the procedure defined in subclause 7.1.6.
if the transport block is transmitted in DWPTS of the special subframe in frame structure type 2, then

- for special subframe configuration 9 with normal cyclic prefix or specia subframe configuration 7 with
extended cyclic prefix:

N, =max{| N,..x0375(, 1
- setthe Table 7.1.7.2.1-1 column indicator PRE {L PRB J }

- for other special subframe configurations:

- settheTable7.1.7.2.1-1 columnindicator Npgg = maX{LN,;RB ><0.75J, 1} :

else, set the Table 7.1.7.2.1-1 column indicator Npgg = Nipg -

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.931, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of [3], there shall be
no PDSCH transmission in DWPTS of the special subframe.

7.1.7.1 Modulation order determination
The UE shall use Q,,=2if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise,

- if the higher layer parameter altCQI-Table-r12 is configured, and if the PDSCH is assigned by a
PDCCH/EPDCCH with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- the UE shal usel,,.s and Table 7.1.7.1-1A to determine the modulation order (Q,,) used in the physical
downlink shared channel.

- dse

- theUEshall usel,,.sand Table 7.1.7.1-1 to determine the modulation order (Q,,) used in the physical
downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index | Modulation Order | TBS Index
I MCS Qm I TBS
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 4 9
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25

28 6 26/26A
29 2

30 4 reserved
31 6

Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH

MCS Index | Modulation Order | TBS Index
Ivics Qn | res
0 2 0
1 2 2
2 2 4
3 2 6
4 2 8
5 4 10
6 4 11
7 4 12
8 4 13
9 4 14
10 4 15
11 6 16
12 6 17
13 6 18
14 6 19
15 6 20
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7.1.7.2

MCS Index | Modulation Order | TBS Index

Ivics Qn | res
16 6 21
17 6 22
18 6 23
19 6 24
20 8 25
21 8 27
22 8 28
23 8 29
24 8 30
25 8 31
26 8 32
27 8 33/33A
28 2

29 4

30 6 reserved
31 8

Transport block size determination

If the DCI CRC isscrambled by P-RNTI, RA-RNTI, or SI-RNTI then

for DCI format 1A:

the UE shall set the TBSindex ( |;z5) equal to 1,,.s and determineits TBS by the procedure in subclause
7.1.72.1for 0<1,55<26.

for DCI format 1C:

the UE shall set the TBSindex ( | ;z5) equal to |, and determine its TBS from Table 7.1.7.2.3-1.

elseif the higher layer parameter altCQI-Table-r12 is configured, then

for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

for 0<1,,.s <28, the UE shall first determine the TBSindex ( | 55) Using l s and Table 7.1.7.1-1 except if

the trangport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport block
that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.1.

for29<1,,. <
PDCCH/EPDCCH for the same transport block using 0< | ¢ <
same transport block using0 < | ., < 26, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

31, the TBSis assumed to be as determined from DCI transported in the latest
< 33. If thereisno PDCCH/EPDCCH for the

In DCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if |
transport block is enabled.

wes =0 andif rvig, = 1 otherwise the

for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI
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else

- for 0<1,,.s <27, the UE shall first determine the TBS index (| 55) using | s and Table 7.1.7.1-1A except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . =27,

if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbsTableAlt, |55 iS33A;

otherwise |55 1S33. For atransport block that is not mapped to more than single-layer spatial multiplexing,

the TBSis determined by the procedure in subclause 7.1.7.2.1. For atransport block that is mapped to two-
layer spatial multiplexing, the TBSis determined by the procedure in subclause 7.1.7.2.2. For atransport
block that is mapped to three-layer spatial multiplexing, the TBSis determined by the procedure in subclause
7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined by
the procedure in subclause 7.1.7.2.5.

- for 28<1,,.s <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< I, < 27.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if |
transport block is enabled.

wes = 0 andif rvig = 1 otherwise the

for0<1,,.s <28, the UE shall first determine the TBSindex (|,55) using |, and Table 7.1.7.1-1 except if the
transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . = 28, if the UE

is scheduled by DCI formats 2C/2D and is configured with a26 in tbsTableAlt, |55 iS26A; otherwise | 55 is

26. For atransport block that is not mapped to more than single-layer spatial multiplexing, the TBSis
determined by the procedure in subclause 7.1.7.2.1. For atransport block that is mapped to two-layer spatial
multiplexing, the TBSis determined by the procedure in subclause 7.1.7.2.2. For atransport block that is
mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.4.  For
atransport block that is mapped to four-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.5.

for29< I, < 31, the TBSis assumed to be as determined from DCI transported in the |atest
PDCCH/EPDCCH for the same transport block using 0< |, < 28. If thereisno PDCCH/EPDCCH for the

same transport block using0< |, <28, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

In DCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if 1,,.s=0 andif rvig = 1 otherwise the
transport block is enabled.

The NDI and HARQ process D, as signalled on PDCCH/EPDCCH, and the TBS, as determined above, shall be
delivered to higher layers.

7.1.7.2.1 Transport blocks not mapped to two or more layer spatial multiplexing

For1< Nq <110, the TBSisgiven by the (g5, Npgg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 34x110)

I res Nero
1 2 3 4 5 6 7 8 9 10
16 32 56 88 120 152 176 208 224 256
24 56 88 144 176 208 224 256 328 344
32 72 144 176 208 256 296 328 376 424

40 104 176 208 256 328 392 440 504 568
56 120 208 256 328 408 488 552 632 696

72 144 224 328 424 504 600 680 776 872
328 176 256 392 504 600 712 808 936 1032
104 224 328 472 584 712 840 968 1096 1224

N0 W|IN(F|O
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8 120 256 392 536 680 808 968 1096 1256 1384
9 136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 2024 2280
13 224 488 744 1000 1256 1544 1800 2024 2280 2536
14 256 552 840 1128 1416 1736 1992 2280 2600 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
16 328 632 968 1288 1608 1928 2280 2600 2984 3240
17 336 696 1064 1416 1800 2152 2536 2856 3240 3624
18 376 776 1160 1544 1992 2344 2792 3112 3624 4008
19 408 840 1288 1736 2152 2600 2984 3496 3880 4264
20 440 904 1384 1864 2344 2792 3240 3752 4136 4584
21 488 1000 1480 1992 2472 2984 3496 4008 4584 4968
22 520 1064 1608 2152 2664 3240 3752 4264 4776 5352
23 552 1128 1736 2280 2856 3496 4008 4584 5160 5736
24 584 1192 1800 2408 2984 3624 4264 4968 5544 5992
25 616 1256 1864 2536 3112 3752 4392 5160 5736 6200
26 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
26A 632 1288 1928 2600 3240 3880 4584 5160 5992 6456

| res
11 12 13 14 15 16 17 18 19 20

288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 968 1032 1096 1160
776 840 904 1000 1064 1128 1192 1288 1352 1416
968 1032 1128 1224 1320 1384 1480 1544 1672 1736
1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
1736 1864 2024 2216 2344 2536 2664 2856 2984 3112
10 1928 2088 2280 2472 2664 2792 2984 3112 3368 3496
11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008
12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584
13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160
14 3112 3496 3752 4008 4264 4584 4968 5160 5544 5736
15 3368 3624 4008 4264 4584 4968 5160 5544 5736 6200
16 3624 3880 4264 4584 4968 5160 5544 5992 6200 6456
17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504
20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 5992 6456 6968 7480 7992 8504 9144 9528 | 10296 | 10680
23 6200 6968 7480 7992 8504 9144 9912 | 10296 | 11064 | 11448
24 6712 7224 7992 8504 9144 9912 | 10296 | 11064 | 11448 | 12216
25 6968 7480 8248 8760 9528 | 10296 | 10680 | 11448 | 12216 | 12576
26 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
26A 7224 7736 8504 9144 9912 | 10296 | 11064 | 11832 | 12576 | 12960

OO (N[O|O|™|WIN(F(O

21 22 23 24 25 26 27 28 29 30
568 600 616 648 680 712 744 776 776 808
1 744 776 808 872 904 936 968 1000 1032 1064
2 936 968 1000 1064 1096 1160 1192 1256 1288 1320
3 1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
4 1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
5 1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
6
7
8
9

2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
3368 3496 3624 3752 4008 4136 4264 4392 4584 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 4776 4968 5352 5544 5736 5992 6200 6456 6712 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 6456 6712 6968 7224 7736 7992 8248 8504 8760 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 | 10296 | 10296 | 10680
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18 8248 8760 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 9528 9912 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080
26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
26A | 13536 | 14112 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848
N prg
I1es
31 32 33 34 35 36 37 38 39 40
0 840 872 904 936 968 1000 1032 1032 1064 1096
1 1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
2 1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
3 1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
4 2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
5 2728 2792 2856 2984 3112 3112 3240 3368 3496 3496
6 3240 3368 3496 3496 3624 3752 3880 4008 4136 4136
7 3752 3880 4008 4136 4264 4392 4584 4584 4776 4968
8 4392 4584 4584 4776 4968 4968 5160 5352 5544 5544
9 4968 5160 5160 5352 5544 5736 5736 5992 6200 6200
10 5544 5736 5736 5992 6200 6200 6456 6712 6712 6968
11 6200 6456 6712 6968 6968 7224 7480 7736 7736 7992
12 6968 7224 7480 7736 7992 8248 8504 8760 8760 9144
13 7992 8248 8504 8760 9144 9144 9528 9912 9912 | 10296
14 8760 9144 9528 9912 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 9912 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 12576 | 12960 | 13536 | 14112 | 14112 | 14688 | 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
21 15840 | 15840 | 16416 | 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 | 19080 | 19080 | 19848 | 20616 | 21384 | 21384
23 17568 | 18336 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 22920 | 23688 | 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296
26A 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456 | 26416

|
i T 42 43 44 45 46 47 48 49 50

1128 1160 1192 1224 1256 1256 1288 1320 1352 1384
1480 1544 1544 1608 1608 1672 1736 1736 1800 1800
1800 1864 1928 1992 2024 2088 2088 2152 2216 2216
2408 2472 2536 2536 2600 2664 2728 2792 2856 2856
2984 2984 3112 3112 3240 3240 3368 3496 3496 3624
3624 3752 3752 3880 4008 4008 4136 4264 4392 4392
4264 4392 4584 4584 4776 4776 4968 4968 5160 5160
4968 5160 5352 5352 5544 5736 5736 5992 5992 6200
5736 5992 5992 6200 6200 6456 6456 6712 6968 6968
6456 6712 6712 6968 6968 7224 7480 7480 7736 7992
10 7224 7480 7480 7736 7992 7992 8248 8504 8504 8760
11 8248 8504 8760 8760 9144 9144 9528 9528 9912 9912
12 9528 9528 9912 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
14 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336
18 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
19 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 19080 | 19848 | 19848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696

OO (N[O |O|_[WIN[(F|O
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26A || 26416 | 27376 | 27376 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 32856

N erg

51 52 53 54 55 56 57 58 59 60

1416 1416 1480 1480 1544 1544 1608 1608 1608 1672
1864 1864 1928 1992 1992 2024 2088 2088 2152 2152
2280 2344 2344 2408 2472 2536 2536 2600 2664 2664
2984 2984 3112 3112 3240 3240 3368 3368 3496 3496
3624 3752 3752 3880 4008 4008 4136 4136 4264 4264
4584 4584 4776 4776 4776 4968 4968 5160 5160 5352
5352 5352 5544 5736 5736 5992 5992 5992 6200 6200
6200 6456 6456 6712 6712 6712 6968 6968 7224 7224
7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
7992 8248 8248 8504 8760 8760 9144 9144 9144 9528
10 9144 9144 9144 9528 9528 9912 9912 | 10296 | 10296 | 10680
11 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
13 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
14 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
17 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
26 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816
26A || 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232

I TBS

OO |N|O|OA~(WIN|F|O

61 62 63 64 65 66 67 68 69 70

0 1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
1 2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2 2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3 3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4 4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5 5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6 6456 6456 6456 6712 6712 6968 6968 6968 7224 7224
7 7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8 8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9 9528 9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 11064 | 11064
10 10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
11 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
12 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
15 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
16 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 27376
19 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
21 30576 | 31704 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160
22 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888
23 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 40576
24 36696 | 37888 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 42368
25 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752

26A | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352

l r8s
71 72 73 74 75 76 77 78 79 80

1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
5160 5160 5160 5352 5352 5544 5544 5544 5736 5736

AlW(N|R|O
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5 6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
6 7480 7480 7736 7736 7736 7992 7992 8248 8248 8248
7 8760 8760 8760 9144 9144 9144 9528 9528 9528 9912
8
9

9912 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
13 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 29296
18 28336 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 31704 | 31704
19 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008
20 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696
21 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352
24 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024
26 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256
26A || 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752

81 82 83 84 85 86 87 88 89 90

0 2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
1 2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
2 3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
3 4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
4 5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
5 7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
6 8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
7 9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
8 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
9 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 29296 | 29296
17 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
18 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160
19 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
20 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336
26 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592

26A | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256

|
™ 7971 92 93 94 95 96 97 98 99 | 100

2536 2536 2600 2600 2664 2664 2728 2728 2728 2792
3368 3368 3368 3496 3496 3496 3496 3624 3624 3624
4136 4136 4136 4264 4264 4264 4392 4392 4392 4584
5352 5352 5352 5544 5544 5544 5736 5736 5736 5736
6456 6456 6712 6712 6712 6968 6968 6968 6968 7224
7992 7992 8248 8248 8248 8504 8504 8760 8760 8760
9528 9528 9528 9912 9912 9912 | 10296 | 10296 | 10296 | 10296
11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 18336 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336

OO (N[O |B|WIN(F(O
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15 28336 | 28336 | 28336 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576
16 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856
17 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160 | 36696
18 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232
19 39232 | 39232 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
20 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888
21 45352 | 46888 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 51024
22 48936 | 48936 | 51024 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056
23 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336
24 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776 | 63776
26 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 75376
26A || 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592

|
™S 17701 [ 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110

2792 2856 2856 2856 2984 2984 2984 2984 2984 3112
3752 3752 3752 3752 3880 3880 3880 4008 4008 4008
4584 4584 4584 4584 4776 4776 4776 4776 4968 4968
5992 5992 5992 5992 6200 6200 6200 6200 6456 6456
7224 7224 7480 7480 7480 7480 7736 7736 7736 7992
8760 9144 9144 9144 9144 9528 9528 9528 9528 9528
10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 | 12960 | 13536 | 13536
14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264
15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 17568 | 18336 | 18336 | 18336 | 18336 | 18336 | 19080 | 19080 | 19080 | 19080
11 20616 | 20616 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152
12 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 26416 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 27376 | 28336 | 28336
14 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704
15 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 32856 | 32856 | 34008 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160
17 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232 | 39232
18 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 46888
20 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
23 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592
25 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
26 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376
26A || 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112

OO |N|O|OA~(WIN|F|O

27 648 1320 1992 2664 3368 4008 4584 5352 5992 6712
28 680 1384 2088 2792 3496 4264 4968 5544 6200 6968
29 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
30 776 1544 2344 3112 3880 4776 5544 6200 6968 7736
31 808 1608 2472 3240 4136 4968 5736 6456 7480 8248
32 840 1672 2536 3368 4264 5160 5992 6712 7736 8504
33 968 1992 2984 4008 4968 5992 6968 7992 8760 9912
33A 840 1736 2600 3496 4392 5160 5992 6968 7736 8760

l r8s
11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 | 10680 | 11448 | 11832 | 12576 | 12960
28 7736 8504 9144 9912 | 10680 | 11064 | 11832 | 12576 | 13536 | 14112
29 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
30 8504 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688 | 15840
31 9144 9912 | 10680 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416
32 9528 | 10296 | 11064 | 11832 | 12960 | 13536 | 14688 | 15264 | 16416 | 16992
33 10680 | 11832 | 12960 | 13536 | 14688 | 15840 | 16992 | 17568 | 19080 | 19848
33A 9528 | 10296 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416 | 17568

| res
21 22 23 24 25 26 27 28 29 30

27 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848
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28 14688 | 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384
29 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
30 16416 | 16992 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688
31 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496
32 17568 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 25456
33 20616 | 21384 | 22920 | 23688 | 24496 | 25456 | 26416 | 27376 | 28336 | 29296
33A | 18336 | 19080 | 19848 | 20616 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416

|
R BT 32 33 34 35 36 37 38 39 40

27 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 25456 | 25456 | 26416
28 22152 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336
29 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336 | 29296 | 29296
30 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704
31 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856
32 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 32856 | 32856 | 34008
33 30576 | 31704 | 32856 | 34008 | 35160 | 35160 | 36696 | 37888 | 39232 | 39232
33A | 27376 | 27376 | 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 34008 | 35160

|
il 42 43 44 45 46 47 48 49 50

27 27376 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856 | 32856
28 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160
29 30576 | 31704 | 31704 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
30 31704 | 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232
31 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576
32 35160 | 35160 | 36696 | 37888 | 37888 | 39232 | 40576 | 40576 | 42368 | 42368
33 40576 | 40576 | 42368 | 43816 | 43816 | 45352 | 46888 | 46888 | 48936 | 48936
33A || 35160 | 36696 | 36696 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 43816

|
R T 52 53 54 55 56 57 58 59 60
27 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232
28 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368
29 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352
30 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888
31 42368 | 42368 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
32 43816 | 43816 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 51024 | 51024
33 51024 | 51024 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 59256 | 59256
33A 43816 | 45352 | 45352 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752

|

il A 62 63 64 65 66 67 68 69 70
27 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 46888
28 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
29 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
30 46888 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 55056 | 55056
31 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336
32 52752 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
33 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 68808 | 68308
33A 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 61664

l r8s
71 72 73 74 75 76 77 78 79 80

27 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752
28 48936 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336
29 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
30 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 63776
31 59256 | 59256 | 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
32 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808
33 71112 | 71112 | 71112 | 73712 | 75376 | 76208 | 76208 | 76208 | 78704 | 78704
33A || 61664 | 61664 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808

|
™S T8t 82 83 84 85 86 87 88 89 20
27 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
28 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
29 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592
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30 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
31 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
32 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 76208 | 76208
33 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936
33A | 71112 | 71112 | 71112 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704

|
™ 7971 92 93 94 95 96 97 98 99 | 100
27 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592
28 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
29 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
30 71112 | 71112 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704
31 75376 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 81176
32 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760
33 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 93800 | 97896 | 97896 | 97896
33A 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936

|
"™ 17701 [ 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110

27 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112 | 73712
28 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 76208
29 75376 | 76208 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176
30 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936
31 84760 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936 | 87936 | 90816 | 90816
32 87936 | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800
33 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896
33A | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 97896
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Transport blocks mapped to two-layer spatial multiplexing

Forl1< Npzs <55, the TBSisgiven by the (| z5,2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Npeg <110, abaseline TBS_L1 istaken fromthe (1155, Npgg ) entry of Table 7.1.7.2.1-1, which isthen

trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS L1 TBS L2 TBS L1 TBS L2 TBS L1 TBS L2 TBS L1 TBS L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816

7.1.7.2.3 Transport blocks mapped for DCI Format 1C
The TBSisgiven by the | ;5 entry of Table 7.1.7.2.3-1.
Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C

lgs | O | 2 | 2|3 | 4|56 7 8 9 10 11 12 13 14 15

TBS 40 | 56 | 72 [ 120|136 | 144 | 176 | 208 224 256 280 296 328 336 392 488

[En 16 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26 27 28 29 30 31

TBS | 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
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7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For 1< Nprg <36, the TBSisgiven by the (I 55,3 Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <110, abaseline TBS_L 1 istaken fromthe (I 55, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandated into TBS_L 3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS L3.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

ETSI

TBS L1 TBS L3 TBS L1 TBS L3 TBS L1 TBS_L3 TBS L1 TBS L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
76208 230104 81176 245648 87936 266440 93800 284608
78704 236160 84760 254328 90816 275376 97896 293736
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7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1< Nppg <27, the TBSisgiven by the (I 55,4 Npgg) entry of Table 7.1.7.2.1-1.

For 28< Nppg <110, abaseline TBS_L 1 istaken fromthe (I 55, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBSisgiven by TBS L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 TBS_L4 TBS_L1 TBS_L4 TBS_L1 TBS_L4 TBS_L1 TBS_L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800

76208 305976 81176 324336 87936 351224 93800 375448
78704 314888 84760 339112 90816 363336 97896 391656
7.1.7.3 Redundancy Version determination for Format 1C

If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

- the UE shall set the Redundancy Versionto 0
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Elseif the DCI Format 1C CRC is scrambled by SI-RNTI, then
- the UE shall set the Redundancy Version as defined in [8].

7.1.8  Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with

a SCG, then for each serving cell, for at least Ko - min(M oL rarg M “m) transport blocks, upon decoding failure of a

code block of atransport block, the UE shall store received soft channel bits corresponding to arange of at least
Wk WkJrl . WmOd(k-%—nngl, Ncb) y Where

| NG,
Ng =min Ny, . '
{ ) L:' Nodis - Ko - m'n(M pL_rarQ + M )D

and M,,;, aedefinedinsubclause5.1.4.1.2 of [4].

Wk1 C ) Ncb’ K

MIMO * !
MbL_narg iS the maximum number of DL HARQ processes.
If the UE is configured with a SCG

- N2k isthe number of configured serving cells across both MCG and SCG.

else

- N2, isthe number of configured serving cells.

If the UE signals ue-CategoryDL-r12, N/
indicated by ue-CategoryDL-r12 [11]. Elseif the UE signals ue-Category-v1170 and not ue-CategoryDL-r12, N is

the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1170 [11]. Elseif the
UE signals ue-Category-v1020 and not ue-Category-v1170 and not ue-CategoryDL-r12, N7, isthetotal number of

soft channel bits [12] according to the UE category indicated by ue-Category-v1020 [11]. Otherwise, N’ isthetotal
number of soft channel bits[12] according to the UE category indicated by ue-Category (without suffix) [11].

isthe total number of soft channel bits[12] according to the UE category

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall

correspond to areceived soft channel bit. Therange W, Wi, ..., Wiogng -1,n,,) MaY include subsets not containing

received soft channel bits.
7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-L ocation indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B quasi co-
location type (defined in subclause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use
the parameter set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS
activation for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]) and PDSCH antenna port quasi co-
location (defined in subclause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
'00’ Parameter set 1 configured by higher layers
‘01’ Parameter set 2 configured by higher layers
'10' Parameter set 3 configured by higher layers
'11' Parameter set 4 configured by higher layers
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The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set:

- crs-PortsCount-r11.

- crs-FregShift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RSConfigZPId-r11.

- pdsch-Sart-r11.

- qcl-C3-RS-ConfigNZPId-r11.

- zeroTxPowerCS-R2-r12 if the UE is configured with higher layer parameter CSl-Reporting-Type for TDD
serving cell.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B
guas co-location type (defined in subclause 7.1.10).

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UE on a given
serving cell and for PDSCH transmission on antenna port 0 — 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in subclause 6.4 of [3]) using the lowest indexed
zero-power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell
are quas co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.

A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 30 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- TypeA: The UE may assume the antenna ports 0 — 3, 7 — 30 of aserving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 30 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CS-RS-ConfigNZP1d-r11 (defined in subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.
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7.2 UE procedure for reporting Channel State Information (CSI)

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, ‘ secondary cells,
‘serving cell’, and ‘serving cells' in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’ and ‘serving cells' in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. Theterm ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), CSI-RS resource indicator (CRI), and/or rank
indication (RI) are controlled by the eNB. For spatial multiplexing, as givenin [3], the UE shall determine aRI
corresponding to the number of useful transmission layers. For transmit diversity as givenin [3], Rl isequal to one.

A UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-
RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
For a UE in transmission mode 10,

- If aUE isnot configured with higher layer parameter CS-Reporting-Type, each CSI processis associated with a
CSI-RS resource (defined in subclause 7.2.5) and a CSl-interference measurement (CSl-1M) resource (defined in
subclause 7.2.6). A UE can be configured with up to two CSI-IM resources for a CSI processif the UE is
configured with CSI subframe sets Ccg o and Ccg 1 by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter CS-Reporting-Type, and CS-Reporting-Type is set to
‘CLASS A’, each CSI process is associated with one or more CSI-RS resource (defined in subclause 7.2.5) and a
CSl-interference measurement (CSI-IM) resource (defined in subclause 7.2.6). A UE can be configured with up
to two CSI-IM resources for a CSl processif the UE is configured with CSI subframe sets Ceg o and Ceg) 1

by the higher layer parameter csi-SubFramePatternConfig-r12 for the CS| process.

- If the UE is configured with higher layer parameter CS-Reporting-Type, and CS-Reporting-Typeis set to
‘CLASSB’, each CSl processis associated with one or more CSI-RS resource (defined in subclause 7.2.5) and
one or more CSl-interference measurement (CSI-IM) resource (defined in subclause 7.2.6). Each CSI-RS
resource is associated with a CSI-IM resource by higher layers. For a CSl process with one CSI-RS resource, a
UE can be configured with CSI-IM resource for each CSI subframe setsif the UE is configured with CS|
subframe sets Ccg o and Ceg g by the higher layer parameter csi-SubFramePatternConfig-r12 for the CSI

process.

For a UE in transmission mode 10, a CSl reported by the UE corresponds to a CSI process configured by higher layers.
Each CSI process can be configured with or without PMI/RI reporting by higher layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter CS -Reporting-Type, the term ‘CSl
process in this subclause refersto the CSI configured for the UE.

For aUE in transmission mode 9, and if the UE is configured with higher layer parameter CSl-Reporting-Type, and,

- CY-Reporting-Typeisset to ‘CLASS A’, each CSl process is associated with one or more CSI-RS resource
(defined in subclause 7.2.5).

- CY-Reporting-Typeisset to ‘CLASS B’, each CSl processis associated with one or more CSI-RS resource
(defined in subclause 7.2.5).

For a CSl process, and if a UE is configured in transmission mode 9 or 10, and UE is not configured with higher layer
parameter pmi-RI-Report, and UE is configured with higher layer parameter CS-Reporting-Type, and CS-Reporting-
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Typeissetto ‘CLASS B’, and the number of CSI-RS antenna ports in each of the one or more configured CSI-RS
resource is more than one, the UE is considered to be configured without PMI reporting.

A UE is configured with resource-restricted CSI measurementsiif the subframe sets Ccg o and Ccg 1 are configured
by higher layers.

For aserving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
riz.

CSl reporting is periodic or aperiodic.
If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCelllndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe.

If the higher layer parameter altCQI-Table-r12 is configured and is set to allSubframes-r12,
- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1-r12 or csi-
SubframeSet2-r12,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSl subframe set configured by
altCQI-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

When reporting RI the UE reports a single instance of the number of useful transmission layers. For each RI reporting
interval when the UE is configured in transmission modes 4 or when the UE is configured in transmission mode 8, 9 or
10 with PMI/RI reporting, a UE shall determine a Rl from the supported set of Rl values as defined in subclause 5.2.2.6
of [4] and report the number in each RI report. For each RI reporting interval when the UE is configured in transmission
mode 3, a UE shall determine RI as defined in subclause 5.2.2.6 of [4] in each reporting interval and report the detected
number in each RI report to support selection between transmit diversity and large delay CDD.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter CS-Reporting-
Type, and CS-Reporting-Typeisset to ‘CLASS B’, and the number of configured CSI-RS resources is more than one
for aCSl process, the UE shall determine a CRI from the supported set of CRI values as defined in subclause 5.2.2.6 of
[4] and report the number in each CRI report.

When reporting PMI the UE reports either asingle or a multiple PMI report.  The number of RBs represented by a
single UE PMI report can be N,Slg or asmaller subset of RBs. The number of RBs represented by asingle PMI report

is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI, Rl and PTI within a precoder
codebook subset specified by one or more bitmap parameter(s) codebookSubsetRestriction, codebookSubsetRestriction-
1, codebookSubsetRestriction-2, codebookSubsetRestriction-3 configured by higher layer signalling.
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For a UE configured in transmission mode 10 and the UE not configured with higher layer parameter CS-Reporting-
Type for aCSl process, or for a UE configured in transmission mode 9 or 10 and the UE configured with higher layer
parameter CS-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Config is set to ‘2" for a CSl process, the bitmap parameter codebookSubsetRestriction is
configured for each CSI process and each subframe sets (if subframe sets Ceg o and Ccg 1 are configured by higher

layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CS| process and UE configured with higher layer
parameter CS-Reporting-Type, and CS-Reporting Typeisset to ‘CLASS A’, the bitmap parameters
codebookSubsetRestriction-1, codebookSubsetRestriction-2 is configured for the CSI process and each subframe sets (if
subframe sets Ccg o and Ccg 1 are configured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter CS-Reporting-Type, and CS-Reporting-Typeis set to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Config isset to ‘1’, the bitmap parameter codebookSubsetRestriction-3 is configured for the
CSl process and each subframe sets (if subframe sets Ccg o and Ccg ; are configured by higher layers) by higher

layer signaling.
For a UE configured in transmission mode 9 or 10, and for a CS| process and UE configured with higher layer
parameter CS-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASS B’, and more than one CSI-RS resource

configured, the bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CSl process
and each subframe sets (if subframe sets Ccg o and Ccg 1 are configured by higher layers) by higher layer

signaling.

For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder
codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant
transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission
modes 8, 9 and 10 with PMI/RI reporting, and transmission mode 9 and 10 without PMI reporting. The resulting
number of bits for each transmission mode are given in Table 7.2-1b, Table 7.2-1d, Table 7.2-1e, and Table 7.2-1f. The
bitmap parameter codebookSubsetRestriction, codebookSubsetRestriction-1 or codebookSubsetRestriction-3 forms the

bit sequence apt_l,...,ag,az,al,aowhere a, istheLSB and a&_listheMSB and where a bit value of zero

indicates that the PMI and RI reporting is nhot allowed to correspond to precoder(s) associated with the bit. The bitmap
parameter codebookSubsetRestriction-2 forms the bit sequence bg _y,...,bs,,, b, ywhere by, istheLSB and bg _,is

the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to
precoder(s) associated with the bit. The association of bitsto precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a 2antennaports: bit a,_,, V= 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

corresponding to v layers and codebook index 0 while bit 8, is associated with the precoder for 2
antenna portsin subclause 6.3.4.3 of [3].

b. 4 antennaports: bit &, ;, U= 2,3,4isassociated with the precodersin Table 6.3.4.2.3-2 of [3]

correspondingto v layers and codebook indices 12, 13, 14, and 15 while bit &, is associated with
the precoder for 4 antenna ports in subclause 6.3.4.3 of [3].

2. Transmission mode 4
a 2antennaports. see Table 7.2-1c
b. 4 antennaports: bit &g,y isassociated with the precoder for v layers and with codebook index

I.in Table 6.3.4.2.3-2 of [3].

3. Transmission modes 5 and 6
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2 antenna ports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table6.3.4.2.3-1 of [3].

4 antenna ports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table6.3.4.2.3-2 of [3].

4. Transmission mode 8

a

b.

2 antenna ports; see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
Qyp(p-1)+i, 1S associated with the precoder for v layers and with codebook index I.in Table

6.3.4.2.3-20f [3], v=1,2.

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit @ ,,),; Is
associated with the precoder for v layers (ve{1,2) and codebook index 1, and bit Aap16(0-1)+i, 1S

associated with the precoder for v layers (ve{1,2} ) and codebook index i2 . Codebook indices i 1
and i, aregivenin Table7.2.4-0A or 7.2.4-0B, for v=1 or 2 respectively.

5. Transmission modes 9 and 10

a

2 antenna ports except when a UE configured with higher layer parameter CS-Reporting-Type, and
C3-Reporting-Typeissetto ‘CLASS B’, and one CSI-RS resource configured, and higher layer
parameter PMI-Config issetto ‘1’ for a CSI process. see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSl
process the UE is configured with higher layer parameter CS-Reporting-Type, and CSl-Reporting-
Typeissetto ‘CLASSB’, and one CSI-RS resource configured, and higher layer parameter PMI -
Configissetto 1': bit ag(;,-1),i, isassociated with the precoder for v layersand with codebook

index icinTable6.3.4.2.3-2 of [3].
4 antenna ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured except when a UE

configured with higher layer parameter CS -Reporting-Type, and CS-Reporting-Type is set to
‘CLASSB’, and one CSI-RS resource configured, and higher layer parameter PMI-Configissetto ‘1’

for aCSl process: bit 84, ), isassociated with the precoder for v layers (ve{12) and codebook
index i, and bit A3).16(0-1)+i, 1S @ssociated with the precoder for v layers (ve{1,234) and
codebook index ., . Codebook indices i, and i, aregiveninTable7.2.4-0A, 7.2.4-0B, 7.2.4-0C or
7.2.4-0D, for v=1,2,30r4 respectively.

8 antenna ports except when a UE configured with higher layer parameter CS-Reporting-Type, and
CS-Reporting-Typeissetto ‘CLASS A’, or for when a UE configured with higher layer parameter
CS-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource

configured, and higher layer parameter PMI-Config isset to 1’ for aCSl process: bit @, y),; IS
associated with the precoder for v layers (ve{1,2,34,5,6,7,8} ) and codebook index i1

where f1()) ={016,32,36,40,44,4852 } and bit &, 41, 1), iSassociated with the precoder for v
layers (ve {1,2,34} ) and codebook index i, where gl(-) ={0,16,32,48 }. Codebook indices i, and
I, aregiveninTable7.2.4-1,7.2.4-2, 7.2.4-3,7.2.4-4,7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8, for
v=1,2,34,5,6,7, or 8 respectively.

8, 12, and 16 antenna ports and for a CSl process the UE is configured with higher layer parameter
CS-Reporting-Type, and CS-Reporting-Typeis set to ‘CLASS A’: bit ay,o,1+m 1S associated with
the precoder based on the quantity v, ,, 1 =01,..,N,0; -1, m=01,..,N,0, -1 and bit an,0,N,0,+v-1
is associated with the precoder for v layers (ve{1234,56,7,8). The quantity v, , isdefinedin
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subclause 7.2.4. Bit by, isassociated with the precoder for v layers(ve{1234}) and

codebook index i, where g()) isgivenin Table 7.2-1g. Codebook index i, isgivenin Table7.2.4-
10, 7.2.4-11,7.2.4-12, 7.2.4-13, 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, for v=1,2,34,5,6,7,0r 8
respectively.

f. 2,4, or 8 antenna ports and for a CSI process the UE is configured with higher layer parameter CS -
Reporting-Type, and CS-Reporting-Type isset to ‘CLASS B’, and one CSI-RS resource configured,
and higher layer parameter PMI-Configissetto“1": bit a;,_;,; isassociated with the precoder for
v layers and codebook index i where ve{1,2} and f()={0,4} for 2 antennaports, ve{1234
and f()={0816,20} for 4 antennaports, and ve{123456,7.8 and f()={01632485657,5859}
for 8 antenna ports. Codebook index i. isgivenin Table7.2.4-18, 7.2.4-19, or 7.2.4-20, for 2, 4, or 8
antenna ports respectively.

Table 7.2-1b: Number of bits in codebook subset restriction codebookSubsetRestriction bitmap for
applicable transmission modes

Number of bits A,
2 antenna 8 antenna
4 antenna ports
ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
64 with
Transmission mode 8 6 alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, otherwise 32
L 96 with
;:%nigq ission modes 9 6 aIternativeCodeBookEnabIedeMTX- 109
r12=TRUE configured, otherwise 64

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna
port codebook of Table 6.3.4.2.3-1in [3]

Codebook index iC Number of layers v
1 2
0 aop -
1 ar ay
2 ap as
3 as -

Table 7.2-1d: Number of bits in codebook subset restriction codebookSubsetRestrictionl bitmap for
applicable transmission modes

Number of bits A,

Transmission modes 9
and 10 N,O;N,0, +8
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Table 7.2-1e: Number of bits in codebook subset restriction codebookSubsetRestriction2 bitmap for
applicable transmission modes

Value of Codebook-Config Number of bits ﬂ
1 12
Transmission modes 9 2 56
and 10 3 56
4 56

Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for
applicable transmission modes

Number of bits A,

2 antenna
ports

6 22 60

4 antenna ports 8 antenna ports

Transmission modes 9
and 10

Table 7.2-1g: g(-) for a CSl process with CSI-Reporting-Type set to ‘CLASS A’

Value of Codebook-Config 9()
1 {04810}
2 {016,32,48}
3 {016,32,48}
4 {016,32,48}

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth. A subband
isaset of k contiguous PRBs where k is a function of system bandwidth. Note the last subband in set Smay have

fewer than k contiguous PRBs depending on NR; . The number of subbands for system bandwidth given by N3 is

defined by N = (N F?BL /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing
Sizes starting at the lowest frequency.

- For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, and
transmission modes 9 and 10 without PMI reporting and RI=1, a single 4-bit wideband CQI is reported.

- For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, CQI is calculated assuming transmission of one codeword
for RI=1 and two codewords for RI > 1.

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PM| reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-hit wideband CQI for codeword O
- A 4-hit wideband CQI for codeword 1

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-bit wideband spatial differential CQI value for codeword 1 offset level

- Codeword 1 offset level = wideband CQI index for codeword 0 —wideband CQI index for codeword 1.
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- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shownin Table 7.2-
2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI value | Offset level
0
1
2
>3
<-4
-3
-2
-1

N[OOI~ |W|IN|F|O

7.2.1  Aperiodic CSI Reporting using PUSCH

Theterm “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon decoding in
subframe n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,
for serving cell ¢ if the respective CSI request field is set to trigger areport and is not reserved.

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9 and the UE is not configured with
csi-SubframePatternConfig-r12 for any serving cell, areport istriggered for serving cell ¢, if the CSl request field is
setto 'l

If the CSI request field is 1 bit and the UE is configured in transmission mode 10 and the UE is not configured with csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered for a set of CSI process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the CSI request field isset to '1'".

If the CSI request field sizeis 2 bits and the UE is configured in transmission mode 1-9 for all serving cells and the UE
is not configured with csi-SubframePatternConfig-r 12 for any serving cell, areport is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSl reporting.

If the CSI request field sizeis 2 bits and the UE is configured in transmission mode 10 for at |east one serving cell and
the UE is not configured with csi-SubframePatternConfig-r12 for any serving cell, areport istriggered according to the
valuein Table 7.2.1-1B corresponding to aperiodic CSI reporting.

If the CSI request field is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-ri2
for at least one serving cell, - areport istriggered for aset of CSl process(es) and/or { CSl process, CSl subframe
set}-pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or { CSl process,
CSl subframe set} -pair(s) associated with the value of CSI request field of '01' in Table 7.2.1-1C, if the CSl request
fieldissetto'l'.

If the CSl request field sizeis 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport is triggered according to the value in Table 7.2.1-1C
corresponding to aperiodic CSI reporting.

If the CSI request field sizeis 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered according to the valuein Table 7.2.1-1D
corresponding to aperiodic CSI reporting.

If the CSI request field sizeis 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport istriggered according to the value in Table 7.2.1-1E
corresponding to aperiodic CSI reporting.
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For agiven serving cell, if the UE is configured in transmission modes 1-9, the "CSl process' in Table 7.2.1-1B, Table
7.2.1-1C, Table 7.2.1-1D, and Table 7.2.1-1E refers to the aperiodic CSI configured for the UE on the given serving
cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1% and 2™
set of CSl process(es) in Table 7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CSl
processes and/or { CSI process, CS| subframe set} -pair(s) in each of the 1% and 2™ set of CSI process(es) and/or { CSI
process, CSl subframe set} -pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more
than one instance of the same CSI processin each of the higher layer configured sets associated with the value of CSI
request field of '01','10, and '11' inTable7.2.1-1B and Table 7.2.1-1C respectively. A UE is not expected to be
configured by higher layers with more than 32 CSI processesin each of the 1% to 6" set of CS| process(es) in Table
7.2.1-1D. A UE is not expected to be configured by higher layers with more than 32 CSI processes and/or { CSl process,
CSl subframe set} -pair(s) in each of the 1% to 6™ set of CSI process(es) and/or { CSI process, CS| subframe set} -pair(s)
in Table 7.2.1-1E. A UE is not expected to be configured by higher layers with more than one instance of the same CSI
process in each of the higher layer configured sets associated with the value of CSl request field of '001', ‘010", '011',
'100', '101','110'and '111' in Table 7.2.1-1D and Table 7.2.1-1E respectively.

A UE is not expected to receive more than one aperiodic CSl report request for a given subframe.

If aUE is configured with more than one CS| process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSl report according to Table 7.2.1-1B is not expected to update CSl corresponding to the CSI

reference resource (defined in subclause 7.2.3) for al CSI processes except the max(NX -N,, 0) lowest-indexed

CSl processes for the serving cell associated with the request when the UE has Nu unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSl process associated with a CSl request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding

CSl istransmitted, and Nq_p isthe maximum number of CSI processes supported by the UE for the serving cell and:

- for FDD serving cell N, = Ng p;
- for TDD serving cell

- if the UE is configured with four CS| processes for the serving cell , NX = NCSI _p
- if the UE is configured with two or three CS| processes for the serving cell, N, =3.

If more than onevalueof N.q_p isincluded inthe UE-EUTRA-Capability, the UE assumesavalueof N.q_p that

is consistent with its CSI process configuration. If more than one consistent value of Nq_p exists, the UE may
assume any one of the consistent values.

If aUE is configured with multiple cell groups, and if the UE receives multiple aperiodic CS| report requestsin a
subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSl for more
than 5 CSI processes from the CSl processes corresponding to all the triggered CSI reports.

If aUE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSl report, the UE is
not required to update CSI for more than 5 CSI processes from the CS| processes corresponding to al the triggered CSl
reports, in case the total number of serving cellsin the primary and secondary PUCCH group is ho more than 5. If aUE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe

triggering morethan N y CSl reports, the UE is not required to update CSI for more than Ny CSl processes from the

CSl processes corresponding to all the triggered CSI reports, where the valueof N y isgiven by
maxNumber UpdatedCS -Proc-r13.
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Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSl request field Description
'00' No aperiodic CSlI report is triggered
‘01 Aperiodic CSlI report is triggered for serving cell c
'10' Aperiodic CSl report is triggered for a 1% set of serving cells configured by higher layers
'11' Aperiodic CSlI report is triggered for a 2™ set of serving cells configured by higher layers

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value Offi(;lso: request Description
‘00’ No aperiodic CSl report is triggered
01" Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for
serving cell C
'10' Aperiodic CSl report is triggered for a 1% set of CSI process(es) configured by higher layers
'11' Aperiodic CSI report is triggered for a 2™ set of CSI process(es) configured by higher layers

Table 7.2.1-1C: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSI o
request field DS eIY
‘00’ No aperiodic CSl report is triggered
o1’ Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell €
10" Aperiodic CSI report is triggered for a 1% set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
11 Aperiodic CSI report is triggered for a 2™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space

Value of CSI L

request field Description
'000' No aperiodic CSl report is triggered
001" Alleeriodic CSl report is triggered for a set of CSI process(es) configured by higher layers for serving

cell C

'010' Aperiodic CSl report is triggered for a 1% set of CSI process(es) configured by higher layers
‘011 Aperiodic CSI report is triggered for a 2™ set of CSI process(es) configured by higher layers
'100' Aperiodic CSI report is triggered for a 3" set of CSI process(es) configured by higher layers
'101' Aperiodic CSI report is triggered for a 4™ set of CSI process(es) configured by higher layers
'110' Aperiodic CSI report is triggered for a 5 set of CSI process(es) configured by higher layers
111 Aperiodic CSI report is triggered for a 6 set of CSI process(es) configured by higher layers
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Table 7.2.1-1E: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
vee @i el Description
request field
'000' No aperiodic CSlI report is triggered
001" Aperiodic CSlI report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell €
010’ Aperiodic CSI report is triggered for a 1% set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
011" Aperiodic CSl report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
100" Aperiodic CSI report is triggered for a 3" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
101" Aperiodic CSI report is triggered for a 4™ set of CS| process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
"110' Aperiodic CSI report is triggered for a 5 set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
111" Aperiodic CSI report is triggered for a 6™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers

NOTE: PDCCH/EPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI format 0 and
DCI format 4 are herein referred to as uplink DCI format when common behaviour is addressed.

When the CSl request field from an uplink DCI format is set to trigger areport, for FDD k=4, and for TDD UL/DL
configuration 1-6, kis given in Table 8-2. For TDD UL/DL configuration O, if the MSB of the UL index is set to 1 and
LSB of the UL index isset to 0, kisgivenin Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index
issetto 1, kisequa to 7; or if both MSB and LSB of the UL index issetto 1, kisgivenin Table 8-2.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at |east two serving
cells are different, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one
serving cell, or for FDD-TDD and serving cell frame structure type 2, the "TDD UL/DL Configuration" given in Table
8-2 refersto the UL-reference UL/DL configuration (defined in subclause 8.0).

When the CSl request field from a Random Access Response Grant is set to trigger areport and is not reserved, kis
equal to k1 if the UL delay field in subclause 6.2 is set to zero, where kl isgivenin subclause 6.1.1. The UE shall
postpone aperiodic CSl reporting to the next available UL subframeif the UL delay field isset to 1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and Rl and CRI is 1 subframe. The subband
size for CQI shall be the same for transmitter-receiver configurations with and without precoding.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no
transport block associated as defined in subclause 8.6.2 and positive SR is transmitted in the same subframe, the UE
shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding Rl and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

Wideband
(wideband CQI) Mode 1-0 | Mode 1-1 Mode 1-2
PUSCH CQl UE Selected
Feedback Type (subband CQI) Mode 2-0 Mode 2-2
Higher Layer-configured
(subband CQI) Mode 3-0 | Mode 3-1 Mode 3-2

For each of the transmission modes defined in subclause 7.1, the following reporting modes are supported on PUSCH:
Transmisson mode 1 : Modes 2-0, 3-0, 1-0

Transmission mode 2 : Modes 2-0, 3-0, 1-0
Transmission mode 3 : Modes 2-0, 3-0, 1-0
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Transmisson mode4 : Modes1-2, 2-2, 3-1, 3-2, 1-1

Transmisson mode5 : Mode 3-1, 1-1

Transmisson mode 6 : Modes1-2, 2-2, 3-1, 3-2, 1-1

Transmisson mode 7 : Modes 2-0, 3-0, 1-0

Transmisson mode 8 : Modes1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting; modes 2-0,
3-0, 1-0if the UE is configured without PMI/RI reporting

Transmisson mode9 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting and number
of CSI-RS ports> 1; modes 2-0, 3-0, 1-0 if the UE is configured without PMI/RI reporting
or without PMI reporting or number of CSI-RS ports=1

Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2, 1-1if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1; modes 2-0, 3-0, 1-0 if the UE is configured without PMI/RI reporting
or without PMI reporting or number of CSI-RS ports=1.

The aperiodic CSl reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-
layer signalling.

For aserving cell with N FE’; <7, PUSCH reporting modes are not supported for that serving cell.

RI is only reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting,
and transmission modes 9 and 10 without PMI reporting.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting for a CSl process can be
configured with a'RI-reference CSl process for the CSI process. If the UE is configured with a'RI-reference CSl
process for the CSI process, the reported RI for the CSI process shall be the same as the reported RI for the configured
'Rl-reference CSl process. The RI for the 'Rl-reference CSI process' is not based on any other configured CSI process
other than the 'RI-reference CSI process. The UE is not expected to receive an aperiodic CSl report request for a given
subframe triggering a CSl report including CSl associated with the CSI process and not including CS| associated with
the configured 'Rl-reference CSl process. If the UE is configured with a'RI-reference CSI process for a CSl process

and if subframe sets Ccg) o and Ccg) 1 are configured by higher layers for only one of the CSI processes then the UE

is not expected to receive configuration for the CS| process configured with the subframe subsets that have a different
set of restricted RIs with precoder codebook subset restriction between the two subframe sets. The UE is not expected
to receive configurations for the CSI process and the 'Rl-reference CSI process' that have a different:

- Aperiodic CSl reporting mode, and/or
- number of CSI-RS antenna ports, and/or

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg g and Ccg 1 arenot
configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccg o
and Ccg 1 areconfigured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ceg 1 are

configured by higher layersfor only one of the CS| processes, and the set of restricted RIs for the two subframe
sets are the same.

A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report or CQI report without
PMI reporting for that serving cell on that aperiodic reporting mode.

For a UE configured in transmission mode 9 or 10, and for a CSl process, if a UE is configured with parameter CS -
Reporting-Type configured by higher layers, and CSl-Reporting-Typeis set to ‘CLASS B’ and the number of
configured CSI-RS resources is more than one, and the total number of antenna ports across al configured CSI-RS
resources is more than 15, the UE on reception of an aperiodic CSI report request triggering a CSl report in uplink
subframe n isnot expected to update CRI corresponding to the CSl processif CRI for the CSI process has been
reported on or after subframe n—5.

e  Wideband feedback
0 Mode 1-2 description:
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o

(o]

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is configured
with higher layer parameter CSl-Reporting-Type, and CS-Reporting-Typeissetto ‘CLASSB’,
and the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

For each subband a preferred precoding matrix is selected from the codebook subset assuming
transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming the use
of the corresponding selected precoding matrix in each subband and transmission on set S
subbands. The UE shall report the selected precoding matrix indicator for each set S subband
except with
= 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case afirst precoding matrix indicator i, isreported for the set S
subbands and a second precoding matrix indicator i, isreported for each set S
subband, if the UE is not configured with higher layer parameter CS -Reporting-Type,
or UE reports CRI, or UE is configured in transmission mode 9 or 10, and with higher
layer parameter CSl-Reporting-Type, and CS-Reporting-Typeissetto ‘CLASSB’, and
one CSI-RS resource configured, and higher layer parameter PMI-Config issetto ‘2'.
=  UEisconfigured in transmission mode 9 or 10, and with higher layer parameter CSl-
Reporting-Type, and CS-Reporting-Typeisset to ‘CLASS A’, in which case afirst
precoding matrix indicator i, isreported for the set S subbands and a second precoding
matrix indicator i, isreported for each set S subband.

Subband sizeis given by Table 7.2.1-3.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported conditioned on
rank 1. If CRI isreported, the reported PMI, CQI, and RI values are calculated conditioned on
the reported CRI.

Mode 1-1 description:

= A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shall report awideband CQI vaue per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

=  The UE shal report the selected single precoding matrix indicator except with 8 CSl-
RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case afirst and second precoding matrix indicator are reported
corresponding to the selected single precoding matrix.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

Mode 1-0 description:

= A UE shall report awideband CQI value which is calculated assuming transmission on
set S subbands

=  Thewideband CQI represents channel quality for the first codeword, even when RI>1.

= For transmission mode 3 the reported CQI valueis calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

Higher Layer-configured subband feedback

(o]

Mode 3-0 description:
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o IfaUEisconfigured in transmission mode 9 or 10, and UE is configured with higher layer
parameter CS-Reporting-Type for a CSl process, and CS-Reporting-Typeissetto ‘CLASSB’,
and the number of CSI-RS antenna portsin each of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in al subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter CS -Reporting-Type, and CS-Reporting-Typeis
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

A UE shall report a wideband CQI value which is cal culated assuming transmission on
set Ssubbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQI valueis calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 3-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter CSl-Reporting-Type, and CS-Reporting-Type is
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with,
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e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter CSl-Reporting-Type, or UE reports
CRI, or UE is configured in transmission mode 9 or 10, and with higher layer
parameter CSl-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASSB’,
and one CSI-RS resource configured, and higher layer parameter PMI-Config
issetto‘2'.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter CSl-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASS A’,
in which case afirst and second precoding matrix indicator are reported
corresponding to the selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

0 Mode 3-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter CSl-Reporting-Type, and CS-Reporting-Type is
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
S subbands.

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

A UE shall report the selected single precoding matrix indicator for each set S subband
except with,

e 8 CSI-RS ports configured for transmission mode 9 and 10, or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set S subbands and also report a second precoding matrix
indicator for each set S subband, if the UE is not configured with higher layer
parameter CSl-Reporting-Type, or UE reports CRI, or UE is configured in
transmission mode 9 or 10, and with higher layer parameter CSl-Reporting-
Type, and CS-Reporting-Typeis set to ‘CLASS B’, and one CSI-RS resource
configured, and higher layer parameter PMI-Config issetto ‘2.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter CSl-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASSA’,
in which case afirst precoding matrix indicator i; isreported for theset S
subbands and a second precoding matrix indicator i, isreported for each set S
subband.

A UE shall report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For transmission mode 6 they are reported conditioned
onrank 1. If CRI isreported, the reported PMI, CQI, and RI values are calculated
conditioned on the reported CRI.
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0 Subband CQI vaue for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

Subband differential CQI offset level = subband CQI index —wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level is shownin
Table7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI value | Offset level
0 0
1 1
2 >2
3 <-1

0 Supported subband size (k) isgivenin Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
Nrs
6-7
8-10
11-26
27 - 63
64 - 110

oom#b:%g

o UE-selected subband feedback

0 Mode 2-0 description:

(o]

(o]

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter CSl-Reporting-Type for a CSl process,, and CS-Reporting-Typeisset to ‘CLASSB’,
and the number of CSI-RS antenna ports in each of the one or more configured CSI-RS resource
is more than one,

If the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

otherwise,
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(o]

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter CS -Reporting-Type, and CS-Reporting-Typeis
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

The UE shall select aset of M preferred subbands of size k (where k and M are givenin
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall also report one CQI val ue reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall also report one wideband CQI value whichis calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

Mode 2-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter CSl-Reporting-Type, and CSl-Reporting-Type is
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
S subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator preferred for the M
selected subbands and the selected single precoding matrix indicator for al set S
subbands except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for all set S subbands, a second precoding matrix indicator for all set
S subbands and another second precoding matrix indicator for the M selected
subbands, if the UE is not configured with higher layer parameter CS-
Reporting-Type, or UE reports CRI, or UE is configured in transmission mode
9 or 10, and with higher layer parameter CS-Reporting-Type, and CS -
Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Configissetto ‘2.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter CSl-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASS A’,
in which case the UE shall report afirst precoding matrix indicator i; for al
set S subbands, a second precoding matrix indicator i, for all set Ssubbands
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and another second precoding matrix indicator i, for or the M selected
subbands.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

0 For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

M -1 N_a
" r =
S
= where the set {5}, (1<§ <N, §<s,,) contains the M sorted subband indices

X
X
and < >: (yj X2y is the extended binomial coefficient, resulting in unique label
y 0 x<y

o The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are afunction of system bandwidth.

N
0 Thenumber of bits to denote the position of the M selected subbandsis L = POQZ[M ﬂ .

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth

DL Subband Size k (RBs) M

NRrs
6-7 NA NA
8-10 2 1
11-26 2 3
27 — 63 3 5
64 — 110 4 6
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7.2.2 Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI,
CRI, and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in
transmission mode 10 can be configured by higher layers for multiple periodic CSl reports corresponding to one or
more CS| processes per serving cell on PUCCH.

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI
Wideband
PUCCH CQI (wideband CQI) Mode 1-0 | Mode 1-1
Feedback Type | UE Selected
(subband cQiy | Mode 2-0 | Mode 2-1

For each of the transmission modes defined in subclause 7.1, the following periodic CSI reporting modes are supported
on PUCCH:

Transmisson mode 1 : Modes 1-0, 2-0
Transmission mode 2 : Modes 1-0, 2-0
Transmission mode 3 : Modes 1-0, 2-0
Transmisson mode4 : Modes 1-1, 2-1
Transmission mode5 : Modes1-1, 2-1
Transmission mode 6 : Modes 1-1, 2-1
Transmission mode 7 : Modes 1-0, 2-0

Transmisson mode 8 : Modes 1-1, 2-1if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is

configured without PMI/RI reporting

: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS

ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or without PMI

reporting or number of CSI-RS ports=1.

Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or without PMI

reporting or number of CSI-RS ports=1.

Transmission mode 9

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each serving cell is configured by
higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter CS -Reporting-Type, the term ‘CSl
process’ in this subclause refersto the CSI configured for the UE.

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, if the UE is not configured with
parameter CSl-Reporting-Type by higher layers, or UE is configured with parameter CS -Reporting-Type by higher
layers, and CSl-Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and parameter PMI-Config
issetto ‘2’, or UE is configured with parameter CSl-Reporting-Type by higher layers, and CS-Reporting-Typeis set to
‘CLASS B’, and more than one CSI-RS resource configured, and each CSI-RS resource with 8 CSI-RS ports, mode 1-1
is configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-

1 CY_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured, if the UE is not configured with higher layer parameter CS-Reporting-Type, or UE is configured with
parameter CSl-Reporting-Type by higher layers, and CS-Reporting-Typeis set to ‘CLASS B’, and one CSI-RS
resource configured, and parameter PMI-Configisset to ‘2’, or UE is configured with parameter CS-Reporting-Type
by higher layers, and CS-Reporting-Typeisset to ‘CLASS B’, and more than one CSI-RS resource configured, and
each CSI-RS resource with 4 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via higher-
layer signaling using the parameter PUCCH_format1-1_CSl_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
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bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-
increasing sizes starting at the lowest frequency.

For each serving cell

- Thereareatotal of N subbands for aserving cell system bandwidth given by NRg WhereLN Re ! kJ subbands

are of sizek. If (N% /k-‘ —LN% /kJ>O then one of the subbandsis of size N5 — k -| NS5 /k .

- A bandwidth part j is frequency-consecutive and consists of N j subbands where J bandwidth parts span Sor
Npg asgiveninTable7.2.2-2.1f J=1 then N, is’-N,g’BL /k/ﬂ 1 J>1then N, iseither (Ngg /k/ﬂ
or (NSE% k! J-‘ —1, depending on NRS , k and J.

- Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.

- For UE sdlected subband feedback a single subband out of Nj subbands of a bandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, whereL = {Iog2 {Ngé‘ 1kl H .

The CQI and PMI payload sizes of each PUCCH CSl reporting mode are givenin Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSl
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands
- Type lareport supports subband CQI and second PMI feedback

- Type2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2areport supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports RI and wideband PM| feedback

- Type 6 report supports Rl and PTI feedback

- Type 7 report support CRI and RI feedback

- Type 8 report supports CRI, RI and wideband PMI feedback

- Type 9 report supports CRI, RI and PTI feedback

- Type 10 report supports CRI feedback

For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode
10 and for each CSI processin each serving cell, the periodicity Npq (in subframes) and offset Nopeger cqi (in

subframes) for CQI/PMI reporting are determined based on the parameter cgi-pmi-Configindex (| g py ) givenin
Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and Table 7.2.2-1C for TDD or for FDD-
TDD and primary cell frame structure type 2. The periodicity Mg and relative offset Noreger g for RI reporting
are determined based on the parameter ri-Configindex (1, ) givenin Table 7.2.2-1B. For a UE configured in

transmission mode 9 and for each serving cell, or for a UE configured in transmission mode 10 and for each CSI
process in each serving cell, if the UE is configured with parameter CS-Reporting-Type by higher layers, and CS -
Reporting-Typeisset to ‘CLASS B’, and the number of configured CSI-RS resources is more than one, the periodicity
Mg for CRI reporting is given by the parameter cri-Configindex (| ., ). The parameters cgi-pmi-Configlndex, ri-

Configlndex , and cri-Configlndex are configured by higher layer signalling. The relative reporting offset for RI
Norrser,p takesvaluesfromtheset {0,-1...,—(Npg —1)} . If aUE is configured to report for more than one CSI
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subframe set then parameter cqi-pmi-Configlndex, ri-Configindex and cri-Configlndex respectively correspond to the
CQI/PMI, RI, and CRI periodicity and relative reporting offset for subframe set 1 and cqi-pmi-Configindex2, ri-
Configlndex2 and cri-Configlndex2 respectively correspond to the CQI/PMI, Rl , and CRI periodicity and relative
reporting offset for subframe set 2. For a UE configured with transmission mode 10, the parameters cqi-pmi-
Configlndex , ri-Configlndex, cri-Configlndex, cqi-pmi-Configlndex2, ri-Configlndex2, and cri-Configlndex2 can be
configured for each CSl process.

In the case where wideband CQI/PMI reporting is configured:

The reporting instances for wideband CQI/PMI are subframes satisfying
[Loxn¢ +[ng/ 2]~ Norrser cqr Jmod(N g )= 0.

For a UE configured in transmission mode 9 or 10, and UE configured with the parameter CSl-Reporting-Type
by higher layers, and CS-Reporting-Type set to ‘CLASS A’ the reporting interval of wideband first PMI
reporting is an integer multiple H” of period Npq (in subframes).

- Thereporting instances for wideband first PMI are subframes satisfying
(oxn; +|ng/ 2]~ Nogpeer oo Jmod(H”- N 4 )=0.

In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period Npq (insubframes).

- Thereporting instances for RI are subframes satisfying
(loxns +[ns/ 2|~ Norrser ol — Norrser,mi Jmod(N pd ‘MR )=o0.

In case CRI reporting is configured,
- if the number of antenna ports in each configured CSI-RS resource is one,

- thereporting interval of the CRI reporting is an integer multiple M of period Ny (in subframes)

CRI

- Thereporting instances for CRI are subframes satisfying
(10X ne +|ng/2]- NorrseT col )mOd(N pdMer ): 0.

- otherwise

- thereporting interval of the CRI reporting is an integer multiple M, of period Npg-Mg (in
subframes).

- Thereporting instances for CRI are subframes satisfying
(10><nf "'Lns/ZJ_ Norrser col — Norrser wi )mOd(N od Mr - Mcg ): 0.

In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:

The reporting instances for wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission
modes 9 and 10) are subframes satisfying (10xn +|ng/2]- Nopreer cor JMOdN g =0.

= When PTI is not transmitted (due to not being configured) or the most recently transmitted PTI is
equa to 1 for a UE configured in transmission modes 8 and 9, or for a UE configured in transmission
mode 10 without a'RI-reference CS| process for a CSl process, or the transmitted PT1 isequal to 1
reported in the most recent RI reporting instance for a CSl process when a UE is configured in
transmission mode 10 with a'RI-reference CSI process for the CSl process, or the transmitted PTI is
equal to 1 for a'RlI-reference CSl process reported in the most recent RI reporting instance for a CSl
process when a UE is configured in transmission mode 10 with the 'RI-reference CSl process for the
CSl process, and the most recent type 6 report for the CSI processis dropped:

=  Thewideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for
transmission modes 8, 9 and 10) report has period H - N4 , and isreported on the

subframes satisfying  (L0xn¢ +|ng/2]- Noprser cor Jmod(H - N pg )=0. The
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integer H isdefinedas H =J-K+1, where J isthe number of bandwidth
parts.

= Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQI/wideband second PMI for transmission modes 8, 9 and 10) reports, the
remaining J-K reporting instances are used in sequence for subband CQI (or
subband CQI/second PMI for transmission modes 9 and 10) reportson K full
cycles of bandwidth parts except when the gap between two consecutive wideband
CQI/PMI reports contains lessthan J-K reporting instances due to a system frame
number transition to 0, in which case the UE shall not transmit the remainder of the
subband CQI (or subband CQI/second PMI for transmission modes 9 and 10)
reports which have not been transmitted before the second of the two wideband
CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission
modes 8, 9 and 10) reports. Each full cycle of bandwidth parts shall beinincreasing
order starting from bandwidth part O to bandwidth part J—1. The parameter K is
configured by higher-layer signalling.

= When the most recently transmitted PTI is O for a UE configured in transmission modes 8 and 9 or for
a UE configured in transmission mode 10 without a 'RI-reference CSI process for a CSl process, or
the transmitted PTI is O reported in the most recent RI reporting instance for a CSI process when a UE
is configured in transmission mode 10 with a'RI-reference CSl process for the CSI process, or the
transmitted PTI is O for a'RI-reference CSl process reported in the most recent RI reporting instance
for a CSl process when a UE is configured in transmission mode 10 with the 'RI-reference CS
process for the CSI process, and the most recent type 6 report for the CSI process is dropped:

»  Thewideband first precoding matrix indicator report has period H’- N pd - andis
reported on the subframes satisfying
(Loxn¢ +[ng/ 2|~ Noprser .cor Jmod(H”- N od )=0, where H’issignalled by
higher layers.
= Between every two consecutive wideband first precoding matrix indicator reports,
the remaining reporting instances are used for a wideband second precoding
matrix indicator with wideband CQI as described below
- IncaseRI reporting is configured, the reporting interval of Rl is Mg, timesthe wideband CQI/PMI period
H - Npqg , and Rl isreported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

- Thereporting instances for RI are subframes satisfying
(Loxn¢ +[ns/2]- Norrser col — Norrser,mi Jmod(H - Npg - MRy )=0

- Incase CRI reporting is configured,
- if the number of antenna portsin each configured CSI-RS resource is one,

- thereporting interval of the CRI reportingis M, timesthe wideband CQI/PMI period H - N,

CRI

- Thereporting instances for CRI are subframes satisfying
(1OX ng + |_ns/2J_ NorrseT col )mod(H “Npg - Mcg ): 0.

- otherwise

- thereporting interval of the CRI reporting is M

cr timesthe Rl period H.N,,-Mg (insubframes).

- Thereporting instances for CRI are subframes satisfying
(10><nf +|_ns/2J_ Norrser col — Norrser R )mod(H ‘Npg Mg -Mcg ): 0

If a UE is not configured with higher layer parameter CSl-Reporting-Type, or for a CSI process a UE is configured with
higher layer parameter CS-Reporting-Type and CS-Reporting-Typeis set to ‘CLASS A’, or for aCSl processaUE is
configured with higher layer parameter CS -Reporting-Type and CS-Reporting-Typeis set to ‘CLASS B’, and one
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configured CSI-RS resource, in case of collision of a CSl report with PUCCH reporting type 3, 5, or 6 of one serving
cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report
with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped.

For aCSl process, if a UE is configured with higher layer parameter CS-Reporting-Type and CS-Reporting-Type is set
to ‘CLASS B’, and more than one configured CSI-RS resources, in case of collision of a CSl report with PUCCH
reporting type 7, 8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5,
or 6 of the same serving cell the latter CSl report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, or 6) has
lower priority and is dropped.

For aserving cell and UE configured in transmission mode 10, in case of collision between CSl reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSl reports corresponding to all CSl processes except the CSI process with the lowest csi-Processid-r11 are dropped.

For a serving cell and UE configured in transmission mode 1-9 and configured with CSI subframe sets Ccgj o and

Ccsi,1 by the higher layer parameter csi-SubframePatternConfig-ri12 for the serving cell, in case of collision between
CSl reports of same serving cell with PUCCH reporting type of the same priority, the CSI report corresponding to CSl
subframe set Ccg 1 isdropped.

For aserving cell and UE configured in transmission mode 10 and configured with CSI subframe sets Ccg o and

Ccsi,1 by the higher layer parameter csi-SubframePatternConfig-ri12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSl processes with same csi-Processld-r11, the CSl report corresponding to CSI subframe set Ccg 1 is dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration,and if the UE is configured with more than one serving cell, the UE transmits a CSI report of
only one serving cell in any given subframe. For a given subframe, in case of collision of a CSl report with PUCCH
reporting type 7, 8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3,4, 5
or 6 of another serving cell, the latter CSl with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5 or 6) has lower
priority and is dropped. For a given subframe, in case of collision of a CSl report with PUCCH reporting type 3, 5, 6, or
2aof one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the
latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2¢, or 4) has lower priority and is dropped. For a given subframe, in
case of callision of CSl report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with
PUCCH reporting type 1 or 1laof another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has
lower priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCelllndex are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSl processes with same csi-Processld-r11, the CSI reports of al serving cells except the
serving cell with lowest ServCelllndex are dropped.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSI processes with different csi-Processid-r11, the CSI reports of all serving cells except the
serving cell with CSl reports corresponding to CS| process with the lowest csi-Processld-r11 are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a given subframe, in case of collision between CS| report of agiven serving cell with UE
configured in transmission mode 1-9, and CSl report(s) corresponding to CSI process(es) of a different serving cell with
the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the
same priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving
cell are dropped.

If aUE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCS -
resourceConfiguration, for a given subframe, in case of collision between CSI report of a given serving cell with UE
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configured in transmission mode 1-9, and CSl report corresponding to CSI process with csi-Processld-r11 =1 of a
different serving cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with
PUCCH reporting type of the same priority, the CSI report of the serving cell with highest ServCelllndex is dropped.

See subclause 10.1 for UE behaviour regarding collision between CSl and HARQ-ACK and the corresponding PUCCH
format assignment.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

n,‘,ﬁg’CH asdefined in[3], where n,(,fjg)CH is UE specific and configured by higher layers for each serving cell.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCS -
resourceConfiguration, and
- if the UE is hot configured for simultaneous PUSCH and PUCCH transmission or,

- if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH,

in case of collision between CSI and positive SR in a same subframe, CSl is dropped.

If a UE is configured with format4-MultiCSl-resourceConfiguration or format5-MultiCS -resourceConfiguration, for a
subframe in which only periodic CSl is transmitted,
— if thereisonly one CSl report in the subframe, the CSI report of a given PUCCH reporting type shall be
transmitted on the PUCCH resource NY;2L,, asdefined in [3], where n$;EL,, is UE specific and configured

by higher layers for each serving cell;
—  if there are more than one CSl reportsin the subframe,

0 if the UE isconfigured with asingle PUCCH format 4 resource n()_ .. according to higher layer
parameter format4-Multi CS -resourceConfiguration, the PUCCH format 4 resource n( . isused
for transmission of the CSI report(s);

o if the UEis configured withaPUCCH format 5 resource n(®). ., according to higher layer
parameter format5-Multi CS -resourceConfiguration, the PUCCH format 5 resource n®)_, is used
for transmission of the CSI report(s);

o if the UEis configured with two PUCCH format 4 resources n¢) ., and n&)_,  accordingto

higher layer parameter format4-MultiCS -resourceConfiguration, if

Op g < min(M Puccria. \ PuccHa ) NE® . NFuCoHe the PUCCH format 4 resource with the smaller
Mpoecrs between n¢) . and n¢)_ ., , isused for transmission of the CSI report(s); otherwise, the
PUCCH format 4 resource with the larger m°H between n() and p@ isused for

PUCCH,1 PUCCH,2
transmission of the CSl report(s), where

* 0,4 Isthetotal number of CSI report bitsin the subframe;

" Mo, 1=12, isthe number of PRBsfor n(). ., and n{., ,respectively, according

to higher layer parameter number OfPRB-format4-r13 according to Table 10.1.1-2;

= NP g, (N;}Lnb —1)-1 if shortened PUCCH format 4 is used in the subframe and
N;Jmcbcm _ 2‘(N;||;1b _]_) otherwise; and

= I isthecode rate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.
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If a UE transmits periodic CSI only using either a PUCCH format 4 n( . or PUCCH format 5 n®__, in asubframe
and if Op_ g > Nge I, the UE shall select Neg ouies CSI report(s) for transmission in ascending order of
Priq (y, S,C,t), where:

O, g Isthetotal number of CSI report bitsin the subframe;

T N = MU N B L N PuceH for PUCCH format4and N =N®. NEUSeH /2 for PUCCH format 5, where
NEoooH = 2. (N;;b —1)-1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in the subframe and
NEeH = 2. (Ngk, —1) otherwise;
- I isthecoderate given by higher layer parameter maximumPayl oadCoderate-r13 according to Table 10.1.1-1;
- foraCsSl report of aserving cell, Prig(y,s,c,t) for the CSI report is defined
asSPrig (y,s,ct)=y-4-32-2+s-32-2+c-2+t, where
-y =0for CSl report type 3/5/6/2a, Y = 1for CSI report type 2/2b/2c/4, and Y = 2 for CSl report type
1/1a;

- Sisthe CSl process ID according to csi-Processld-r11 if the serving cell is configured with transmission
mode 10, and S= 1if the serving cell configured with transmission mode 1-9;

- Cistheserving cell index;

- t=0 and t=1for CSI subframe sets Ccg o and Ccg 1respectively if CSI subframe sets are configured

for the serving cell, and t =0 otherwise.

N CSl,reported N CSl,reported +1
- Thevaueof Ngg epores SAisfies Zopfcs,n S Nge-r and ZOF,fCS’n > Nge T, and
n=1 n=1

Op_cq.n isthenumber of CSI report bits for the nth CSI report in ascending order of Pri g (y, S, C,t).

Table 7.2.2-1A: Mapping of I pm t0 Npg and Nogeger o for FDD or for FDD-TDD and primary
cell frame structure type 1

L cai /P \Value of N pq Value of Nopeger con
0< legipm <1 2 lcqi/pmi
2< leqpw <6 5 lequpm =2
7< legpm <16 10 leqiem =7
17< legipm <36 20 leqrpm — 17
37< leqpw <76 40 leqipm =37
77< legpw <156 80 leqiem — 77
157 < legpw <316 160 lcorpm —157
lcoipm =317 Reserved
318< lcgpw <349 32 lcqiem —318
350 < lggpw <413 64 leqi/pm =350
414 < logpw <541 128 lcqiem —414
542 < logipw <1023 Reserved
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Table 7.2.2-1B: Mapping of Iy to Mg and Nogrgr g -

I Value of Mg [Value of Nogreer g

0< Iy <160 1 -l

161< lg <321 2 -(lg —-161)
322< | <482 4 -(lg —322)
483< lg <643 8 -(lg —483)
644 < | <804 16 -(lgy —644)
805< lg <965 32 -(lg —805)
966 < | <1023 Reserved

Table 7.2.2-1C: Mapping of Icqpw t0 Npg and Nogeger cqr for TDD or for FDD-TDD and primary
cell frame structure type 2

lcarrpmi Value of Npq |Value of Nogpeer cor
lcoipm =0 1 lcqirpmi

1< lcoipm <5 5 lequpm —1

6< leqpm <15 10 lcqipm —6
16 < legipm <35 20 lcqi/pmi — 16
36< leqpw <75 40 lcqi/pmi —36
76 < legpw <155 80 lcoi/pm — 76
156 < lcoipm <315 160 lcor/pm — 156
316 < ICQI/PMI <1023 Reserved

For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity
values apply for aserving cell ¢ depending on the TDD UL/DL configuration of the primary cell [3], where the UL/DL
configuration corresponds to the eimta-HARQ-ReferenceConfig-ri2 for the primary cell if the UE is configured with the
parameter EIMTA-MainConfigServCell-r12 for the primary cell:

- Thereporting period of N4 =1 isapplicable for the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in aradio frame are used
for CQI/PMI reporting.

- Thereporting period of N4 =5 isapplicablefor the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 2, 6}.

- Thereporting periods of Ny ={10,20,40,80,160} are applicable for the serving cell ¢ for any TDD UL/DL
configuration of the primary cell.

For aserving cell with N gé <7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS portsis defined in Table 7.2.2-1D for first
and second precoding matrix indicator i; and i,. Joint encoding of rank and first precoding matrix indicator i, for

PUCCH mode 1-1 submode 1 for 8 CSI-RS portsis defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH
mode 2-1 for 8 CSI-RS portsis defined in Table 7.2.2-1F for PUCCH Reporting Type l1a.

For a UE configured with transmission mode 9 or 10, , and the UE configured with parameter CS -Reporting-Type by
higher layers, and CS-Reporting-Typeisset to ‘CLASS A’, and PUCCH Reporting Type 1a, the sub-sampled
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codebook for PUCCH mode 2-1 for value of parameter Codebook-Config set to 2, 3, or 4 isdefined in Table 7.2.2-1F,

for value of parameter Codebook-Config set to 1, the value of the second PMI,

lew2 issetto .

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index iy second PMI value and codebook index iy total

Value of the first PMI vy | codebook index iy | value of the second PMIl ,,, | Codebook index iy | #bits
1 0-7 2l o 0-1 2oy, 4
2 0-7 2l o 0-1 w2 4
3 0-1 2l oy 0-7 Allowa/4)+ Tz | 4
4 0-1 2l o 0-7 w2 4
5 0-3 L1 0 0 2
6 0-3 low 0 0 2
7 0-3 I 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH mode 1-1 submode 1

Value of joint encoding of Rl and the first PMI . .
| RI Codebook index Iy
Rl /PMI1
0-7 1 2l RI/PMI1
8-15 2 2( IRI/PMI1_8)
16-17 3 2( |R|/PM|1'16)
18-19 4 2( IRI/PMI1_18)
20-21 5 2( I /PM|1'20)
22-23 6 2( IRI/PMI1-22)
24-25 7 2( ln /PM|1'24)
26 8 0
27-31 reserved NA

Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index i,
RI . -
Value of the second PMI_'Pwi2 Codebookindex 15
1 0-15 | o2
2 0-3 2o,
3 0-3 8- Iz 2 |+ (I oy, MO0 2) +2
4 0-3 2l oy,
5 0 0
6 0 0
7 0 0
8 0 0

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-G for first and second precoding matrix
indicator i; andi,. Joint encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1

for transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in
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Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-11 for PUCCH Reporting Type la.

Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports

Relationship between the first PMI Relationship between the second PMI
value and codebook index i; value and codebook index i, total
Value
of
the Value of
first the
PMI . second
RI | owi1 Codebook index 1 PMIT oy, Codebook index i #bits
1 0-3 Al oy 0-3 20z + 4o 2] 4
2 0-3 4l PMI 1 0-3 I pmiz 2'\.' PMIZ/ZJ 4
3 0 0 0-15 Lo 4
4 0 0 0-15 | pwi 2 4

Table 7.2.2-1 H: Joint encoding of Rl and for PUCCH mode 1-1 submode 1 with 4 antenna ports

Value of joint Codebook index i
encoding of
Rl and the
first PMI R
IRIIPMIl
0-7 1 IRI/PMIl
8-15 2 Iy —8
16 3 0
17 4 0
18-31 reserved NA

Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports

Relationship between the second PMI
value and codebook index i,
Value
RI of the
second
PMI
lowni 2 Codebook index i,
1 0-15 IPMIZ
2 0-3 PMI2+2'|_IPMI2/2J
3 0-3 2'PM|2+4'|_| PMIZ/ZJ
4 0-3 2|PM|2+4‘|_| PMI2/2J

An CRI or RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode isvalid
only for CSl reports for that serving cell on that periodic CSl reporting mode.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting for a CSl process can be
configured with a'RI-reference CSl process. The RI for the 'RI-reference CSl process is not based on any other
configured CSl process other than the 'Rl-reference CSI process. If the UE is configured with a 'Rl-reference CSI

process for aCSl process and if subframe sets Ccg o and Ccg 1 are configured by higher layers for only one of the
CSl processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
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subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe
sets.The UE is not expected to receive configurations for the CSI process and the 'RI-reference CSl process' that have a
different:

periodic CSI reporting mode (including sub-mode if configured), and/or
number of CSI-RS antenna ports, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg g and Ceg g aenot
configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccg o
and Ccg 1 areconfigured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg o and Ccg 1 are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
Sets are the same.

If aUE is configured for CRI reporting,

For the calculation of CQI/PMI/RI conditioned on the last reported CRI, in the absence of alast reported CRI the
UE shall conduct the CQI/PMI/RI calculation conditioned on the lowest possible CRI. If reporting for more than
one CSl subframe set is configured, CQI/PMI/RI is conditioned on the last reported CRI linked to the same
subframe set as the CS| report.

For the calculation of CQI/PMI conditioned on the last reported Rl and CRI, in the absence of alast reported RI
and CRI, the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI associated with
the lowest possible CRI and as given by the bitmap parameter codebookSubsetRestriction and the parameter
alternativeCodeBookEnabledFor4TX-r12 if configured. If reporting for more than one CS| subframe set is
configured, CQI/PMI is conditioned on the last reported RI associated with the last reported CRI and linked to
the same subframe set as the CSI report

otherwise,

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of alast reported RI the UE
shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction and the parameter alternativeCodeBookEnabledFor4TX-r12 if configured. If
reporting for more than one CSl subframe set is configured, CQI/PMI is conditioned on the last reported RI
linked to the same subframe set as the CSl report.

Wideband feedback
0 Mode 1-0 description:

= Inthe subframe where RI isreported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting):

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a RI assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PM|I reporting, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the last reported periodic CRI.

e TheUE shall report atype 3 report consisting of one RI.

= |n the subframe where RI and CRI is reported (only for transmission mode 9 or 10
without PMI reporting and number of configured CSI-RS resources more than one):

e A UE shall determine a CRI assuming transmission on set S subbands.
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If aUE is configured in transmission mode 10 with a'Rl-reference CSI

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

The UE shall report atype 7 report consisting of one Rl and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin at least one configured CSI-RS resourceis

one):
[ ]

A UE shall determine a CRI assuming transmission on set S subbands.

The UE shall report atypelO report consisting of one CRI.

= Inthe subframe where CQI is reported:

If the UE is configured without PMI reporting (only for transmission mode 9

or 10):

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report atype 4 report consisting of

A single wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshown in Table 7.2-2.

o If the UE isconfigured with CRI reporting,

If aUE is configured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the *'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
configured *'RI-reference CSl process'' in the most recent RI
reporting instance for the CSI process and last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic Rl and the last reported periodic CRI.

o otherwise,

otherwise,

If aUE is configured in transmission mode 10 with a‘'RI-
reference CSl process'' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the *'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSl process
are calculated conditioned on the reported periodic Rl for the
configured *'RI-reference CSl process'' in the most recent RI
reporting instance for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

0 A UE shall report atype 4 report consisting of one wideband CQI
value which is calculated assuming transmission on set S subbands.
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The wideband CQI represents channel quality for the first codeword,
even when RI>1.

o0 For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calculated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

0 Mode 1-1 description:

= |n the subframe where RI isreported (only for transmission modes 4, 8, 9 and 10):

o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,
o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e TheUE shal report atype 3 report consisting of one RI.
= Inthe subframe where Rl and CRI is reported for transmission modes 9 and 10:
e A UE shall determine a CRI assuming transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e TheUE shal report atype 7 report consisting of one RI and one CRI.

= Inthe subframe where Rl and afirst PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports, and for transmission modes 8, 9 and 10
configured with submode 1 and alter nativeCodeBookEnabledFor4TX-r12=TRUE:

e If the UEis configured with CRI reporting,

o IfaUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe Rl in the most recent CSl report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CS| process shall be the
same asthe Rl in the most recent CSl report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
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configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

The UE shall report atype 5 report consisting of jointly coded RI and afirst
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

If the UE is configured with CRI reporting,

o If the UE isconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'RI-reference CSl
process, the wideband first PMI for the CS| process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'RI-reference CSl process; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic Rl and
last reported periodic CRI.

otherwise,

o If the UEis configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'Rl-reference CSI
process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'RI-reference CSl process; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic RI.

= |nthe subframe where CRI, Rl and afirst PMI are reported for transmission modes 9
and 10 configured with submode 1 and 8 CSI-RS ports, and for transmission modes 9
and 10 configured with submode 1 and alter nativeCodeBookEnabledFor4TX-
r12=TRUE:

A UE shall determine a CRI assuming transmission on set S subbands.

If aUE is configured in transmission mode 10 with a'RI-reference CS|

process for a CS| process, the RI for the CSl process shall be the same as the
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI.

The UE shall report atype 8 report consisting of jointly coded CRI, Rl and a
first PMI corresponding to a set of precoding matrices selected from the
codebook subset assuming transmission on set S subbands.

If the UE is configured in transmission mode 10 with a 'Rl -reference CSI
process for a CSl process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'RI-reference CSI process, the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'RI-reference CS| process;
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI and last reported periodic CRI conditioned on the reported
CRI.

=  Inthe subframe where the wideband first PM1 is reported, for transmission modes 9 and
10 with higher layer parameter CSl-Reporting-Type configured, and CSl-Reporting
Typesetto ‘CLASSA’,

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook assuming transmission on set S subbands.

A UE shall report atype 2areport consisting of the wideband first PMI
corresponding to the selected set of precoding matrices.
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If aUE is configured in transmission mode 10 with a'Rl-reference CSI
process for a CSl process, and the most recent type 3 report for the CSI
process is dropped, and atype 3 report for the 'Rl -reference CSI process is
reported in the most recent RI reporting instance for the CSI process, the
wideband first PMI value for the CSl processis calculated conditioned on the
reported periodic RI for the configured 'Rl-reference CSI process' in the most
recent RI reporting instance for the CS| process; otherwise the wideband first
PMI valueis calculated conditioned on the last reported periodic RI.

= |n the subframe where CQI/PMI is reported for al transmission modes except with,

UE is configured with higher layer parameter CS-Reporting-Type, and CSl-
Reporting Typeissetto ‘CLASSA’, or

8 CSI-RS ports configured for transmission modes 9 and 10, or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
C3-Reporting-Type, or UE configured with CRI reporting, or UE is
configured with higher layer parameter CS-Reporting-Type, and CS -
Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Configissetto ‘2':

0 A single precoding matrix is selected from the codebook subset

assuming transmission on set S subbands.

0 A UE shall report atype 2 report consisting of

= A single wideband CQI value which is calculated assuming
the use of asingle precoding matrix in all subbands and
transmission on set S subbands.

= Theselected single PMI (wideband PMI).

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

o If the UE isconfigured with CRI reporting,

= |f aUEisconfigured in transmission mode 10 with a‘'RI-
reference CSl process'' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the *'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSl process,
the PMI and CQI for the CSI process are calculated
conditioned on the reported periodic RI for the configured
“'RI-reference CSl process'' in the most recent RI reporting
instance for the CSI process; otherwise the PMI and CQI are
calculated conditioned on the last reported periodic Rl and
the last reported periodic CRI.

o0 otherwise,

=  For transmission modes 4, 8, 9 and 10,

o If aUEisconfigured in transmission mode 10 with
a‘'Rl-reference CSl process ' for a CSl process, and
the most recent type 3 report for the CSI processis
dropped, and atype 3 report for the ‘'Rl -reference
CSl process'' is reported in the most recent RI
reporting instance for the CS| process, the PMI and
CQI for the CSI process are calculated conditioned
on the reported periodic RI for the configured ‘'RI-
reference CSl process'' in the most recent RI
reporting instance for the CSl process; otherwise
the PMI and CQI are calculated conditioned on the
last reported periodic RI.

= For other transmission modes the PMI and CQI are
calculated conditioned on transmission rank 1.
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= |n the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 configured and for transmission modes 8, 9
and 10 with submode 1 and alternativeCodeBookEnabledFor4TX-r12=TRUE
configured, and for transmission modes 9 and 10 with higher layer parameter CSl-
Reporting-Type configured, and CS-Reporting Type set to ‘CLASS A’:

(o]

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report atype 2b report consisting of

A single wideband CQI value which is calculated assuming the use of
the single precoding matrix in all subbands and transmission on set S
subbands.

The wideband second PMI corresponding to the selected single
precoding matrix.

When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

(0]

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 5 report for
the CSI processis dropped, and atype 5 report for the 'RI-reference
CSl process isreported in the most recent RI reporting instance for
the CSl process,

= The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CS
process.

Otherwise,
=  The wideband second PM| value is calcul ated conditioned on

the last reported periodic Rl and the wideband first PM| and
the last reported periodic CRI.

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

.otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 5 report for
the CSI processis dropped, and atype 5 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process,

=  The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process.

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix for the CS| process and the
reported periodic RI for the configured 'Rl-reference CS
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process in the most recent RI reporting instance for the CSI
process.

0 Otherwise,

=  The wideband second PMI valueis calculated conditioned on
the last reported periodic RI and the wideband first PMI.

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

= Inthe subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with 8 CSI-RS ports and submode 2 configured, and for transmission
modes 8, 9 and 10 with submode 2 and alter nativeCodeBookEnabledFor4TX-
r12=TRUE configured:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2c report consisting of

0 A single wideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

0 Thewideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in subclause 7.2.4.

0 When RI>1, an additional 3-bit wideband spatial differential CQlI,
whichisshownin Table 7.2-2.

o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'Rl-reference
CSl process' isreported in the most recent RI reporting instance for
the CSI process, the wideband first PMI, the wideband second PMI
and the wideband CQI for the CSI process are calculated conditioned
on the reported periodic RI for the configured 'Ri-reference CSI
process in the most recent RI reporting instance for the CSl process
and the last reported periodic CRI for the CSI process; otherwise the
wideband first PMI, the wideband second PMI and the wideband CQI
are calculated conditioned on the last reported periodic RI and the last
reported periodic CRI.

e otherwise

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'RI-reference
CSl process is reported in the most recent RI reporting instance for
the CSl process, the wideband first PMI, the wideband second PM|
and the wideband CQI for the CSI process are cal culated conditioned
on the reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSl process;
otherwise the wideband first PMI, the wideband second PMI and the
wideband CQI are calculated conditioned on the last reported periodic
RI.

e UE Selected subband feedback

0 Mode 2-0 description:

= |n the subframe where RI isreported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting):

e If aUEisconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, the RI for the CSl process shall be the same as the
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RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a Rl assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the last reported periodic CRI.

The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where Rl and CRI isreported (only for transmission mode 9 or 10
without PMI reporting and number of configured CSI-RS resources more than one):

A UE shall determine a CRI assuming transmission on set S subbands.

If aUE is configured in transmission mode 10 with a'RI-reference CSI

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

The UE shall report atype 7 report consisting of one Rl and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin at least one configured CSI-RS resourceis

one):

A UE shall determine a CRI assuming transmission on set S subbands.

The UE shall report atypelO report consisting of one CRI.

=  Inthe subframe where wideband CQI is reported:

If the UE is configured without PMI reporting (only for transmission mode 9
or 10):

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shal report atype 4 report on each respective successive
reporting opportunity consisting of

= A single wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

=  When RI>1, an additional 3-hit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

o If the UE isconfigured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the ‘'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSI process,
the subband selection, selected precoding matrix and CQI for
the CSl process are cal culated conditioned on the reported
periodic RI for the configured *'RI-reference CSl process'' in
the most recent RI reporting instance for the CSI process and
the last reported periodic CRI for the CSI process; otherwise
the subband selection, selected precoding matrix and CQI are
calculated conditioned on the last reported periodic Rl and
the last reported periodic CRI.

o otherwise
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= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process'' is reported
in the most recent RI reporting instance for the CSI process,
the subband selection, selected precoding matrix and CQI for
the CSl process are cal culated conditioned on the reported
periodic RI for the configured * 'RI-reference CSl process'' in
the most recent RI reporting instance for the CSl process;
otherwise the subband selection, selected precoding matrix
and CQI are calculated conditioned on the last reported
periodic RI.

e otherwise,

(o]

The UE shall report atype 4 report on each respective successive
reporting opportunity consisting of one wideband CQI value which is
calculated assuming transmission on set S subbands. The wideband
CQI represents channel quality for the first codeword, even when
RI>1.

For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calcul ated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

= |nthe subframe where CQI for the selected subbands is reported:

e |f the UE is configured without PMI reporting (only for transmission mode 9

or 10):

(o]

(o]

The UE shall select the preferred subband within the set of N,
subbands in each of the J bandwidth parts where Jis given in Table
7.2.2-2.

A single precoding matrix is selected from the codebook subset
assuming transmission on on the selected subband within the
applicable bandwidth part.

The UE shall report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of':

= CQI valuefor codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatial differential
CQI vaue for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

= The mapping from the 3-bit subband spatial differential CQI
value to the offset level isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a“'RI-
reference CSl process' ' for a CSl process, and the most
recent type 3 report for the CSl processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
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configured *'RI-reference CSl process'' in the most recent RI
reporting instance for the CSI process and the last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic Rl and the last reported periodic CRI.

otherwise,

= |f aUEisconfigured in transmission mode 10 with a*'RI-
reference CSl process'' for a CSl process, and the most
recent type 3 report for the CSI processis dropped, and a
type 3 report for the *'RI-reference CSI process' is reported
in the most recent RI reporting instance for the CSl process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic Rl for the
configured *'RI-reference CSl process'' in the most recent RI
reporting instance for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

o otherwise,

(o]

Mode 2-1 description:

The UE shall select the preferred subband within the set of Nj

subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

The UE shall report atype 1 report consisting of one CQI value
reflecting transmission only over the selected subband of a bandwidth
part determined in the previous step along with the corresponding
preferred subband L-bit label. A type 1 report for each bandwidth part
will in turn be reported in respective successive reporting
opportunities. The CQI represents channel quality for the first
codeword, even when RI>1.

For transmission mode 3 the preferred subband selection and CQI
values are calculated conditioned on the last reported periodic RI. For
other transmission modes they are calculated conditioned on
transmission rank 1. If the UE is configured with CRI reporting, the
preferred subband selection and CQI values are calculated
conditioned on the last reported periodic CRI.

In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, and for
transmission modes 9 and 10 with higher layer parameter CSl-Reporting-Type
configured, CS-Reporting-Type set to ‘CLASS B’, one CSI-RS resource configured,
higher layer parameter PMI-Config setto ‘1’:

e If aUEisconfigured with CRI reporting,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe RI in the most recent CSl report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
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configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where RI is reported, for transmission modes 9 and 10 with 8 CSI-RS
ports configured and higher layer parameter CSl-Reporting-Type not configured, or for
transmission modes 9 and 10 with 8 CSI-RS ports configured and UE is configured with
CRI reporting, or for transmission modes 9 and 10 with 8 CSI-RS ports configured and
UE is configured with higher layer parameter CSl-Reporting-Type, and CSl-Reporting-
Typeissetto‘CLASS B’, and one CSI-RS resource configured, and higher layer
parameter PMI-Config isset to *2’, or for transmission modes 9 and 10 with higher
layer parameter CS-Reporting-Type configured, and CS-Reporting Type set to
‘CLASS A’ or for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured then:

If aUE is configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the Rl for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSl process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PT1) conditioned on the last reported
periodic CRI.

otherwise,

o If aUEisconfigured in transmission mode 10 with a'Rl-reference
CSl process for aCSl process, the Rl for the CS| process shall be the
same as the Rl in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSl process shall be
the same as the PTI in the most recent type 6 report for the configured
'RI-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PTI).

The PTI for the CS| process shall be equal to 1 if the RI reported jointly with
the PTI is greater than 2 for transmission modes 8, 9, 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured.

The UE shall report atype 6 report consisting of one RI and the PTI.

= Inthe subframe where Rl and CRI is reported for transmission modes 9 and 10 with
parameter CSl-Reporting-Type configured by higher layers, and CS-Reporting-Typeis
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one;

A UE shall determine a CRI assuming transmission on set S subbands.

If aUE is configured in transmission mode 10 with a'RI-reference CS|

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

If the configured CSI-RS resource corresponding to the determined CRI
comprises 2 CSI-RS ports, or 4 CSI-RS ports except with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured,

0 TheUE shal report atype 7 report consisting of one Rl and one CRI.
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e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'RI-reference CSl process’; otherwise, the UE shall determine a
precoder type indication (PTI1) conditioned on the reported CRI for
the CSI process.

0 ThePTI for the CSI process shall be equal to 1 if the RI reported
jointly with the PT1 is greater than 2 for transmission modes 9, 10
with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

0 The UE shal report atype 9 report consisting of one CRI, RI, and the
PTI.

= |n the subframe where wideband CQI/PMI is reported for al transmission modes except
with
o UEisconfigured with higher layer parameter CSl-Reporting-Type, and CSl-
Reporting Typeissetto ‘CLASSA’, or

e 8 CSlI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
C9-Reporting-Type, or UE is configured with CRI reporting, or UE is
configured with higher layer parameter CSl-Reporting-Type, and CS -
Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Configissetto ‘2':

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report atype 2 report on each respective successive
reporting opportunity consisting of:

= A wideband CQI value which is calculated assuming the use
of asingle precoding matrix in all subbands and transmission
on set S subbands.

= Theselected single PMI (wideband PMI).

=  When RI>1, an additional 3-hit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'RI-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSl process are
calculated conditioned on the reported periodic RI for the configured
'RI-reference CSl process in the most recent RI reporting instance for
the CSI process and the last reported periodic CRI for the CS|
process; otherwise the PMI and CQI values are calculated conditioned
on the last reported periodic RI and the last reported periodic CRI.

o otherwise,
o0 For transmission modes 4, 8, 9 and 10,

= |f aUE isconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the 'RI-reference CSI process is reported in the
most recent RI reporting instance for the CSI process, the
PMI and CQI values for the CSI process are calculated
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conditioned on the reported periodic RI for the configured
'Rl-reference CSI process in the most recent RI reporting
instance for the CSI process; otherwise the PMI and CQI
values are calculated conditioned on the last reported
periodic RI.

0 For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

=  Inthe subframe where the wideband first PM1 is reported for transmission modes 9 and
10 with 8 CSI-RS ports configured and higher layer parameter CS -Reporting-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports configured and UE
is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CSI-RS
ports configured and UE is configured with higher layer parameter CS-Reporting-Type,
and CS-Reporting-Typeis set to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Configis set to ‘2, or for transmission modes 9 and 10
with higher layer parameter CSl-Reporting-Type configured, and CS-Reporting Type
setto ‘CLASS A’, or for transmission modes 8, 9 and 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured:

e A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

e A UE shall report atype 2areport on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

o If the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CSI process, the wideband first PMI value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CSl process and the last reported periodic CRI for the
CSl process; otherwise with the last reported PT1=0, the wideband
first PMI valueis calculated conditioned on the last reported periodic
RI and the last reported periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PTI1=0 is reported in the most recent RI reporting
instance for the CSI process, the wideband first PMI value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI reporting
instance for the CSI process; otherwise with the last reported PTI=0,
the wideband first PMI valueis calculated conditioned on the last
reported periodic RI.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter CSl-Reporting-Type
not configured, or for transmission modes 9 and 10 with 8 CSI-RS ports configured and
UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CS|-
RS ports configured and UE is configured with higher layer parameter CS-Reporting-
Type, and CS-Reporting-Typeis set to ‘CLASS B’, and one CSI-RS resource
configured, and higher layer parameter PMI-Configisset to ‘2’, or for transmission
modes 9 and 10 with higher layer parameter CS-Reporting-Type configured, and CS-
Reporting Type set to ‘CLASS A’ ,or for transmission modes 8,9, and 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured:
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A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

o

A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.

The wideband second PMI corresponding to the selected single
precoding matrix.

When RI>1, an additional 3-bit wideband spatial differential CQlI,
which isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

(o]

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=1 isreported in the most recent RI reporting
instance for the CS| process,

= The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSl process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CS| process,

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSl
process and the last reported periodic CRI for the CS
process.

Otherwise, with the last reported PT1=1,

=  Thewideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PM| and
the last reported periodic CRI.

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CSl process,

=  Thewideband second PMI value for the CSl processis
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process,

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
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process in the most recent RI reporting instance for the CSI
process.

0 Otherwise, with the last reported PTI=1,

=  The wideband second PMI valueis calculated conditioned on
the last reported periodic RI and the wideband first PMI.

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

o |If thelast reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

= Inthe subframe where CQI for the selected subband is reported for al transmission
modes except with

e UE isconfigured with higher layer parameter CS-Reporting-Type, and CSl-
Reporting Typeissetto ‘CLASSA’, or

e 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
C3-Reporting-Type, or UE is configured with CRI reporting, or UE is
configured with higher layer parameter CSl-Reporting-Type, and CS -
Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter PMI-Config issetto ‘2':

0 The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

0 The UE shal report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI valuefor codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatia differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

e Assuming the use of the most recently reported
single precoding matrix in all subbands and
transmission on the selected subband within the
applicable bandwidth part.

= The mapping from the 3-bit subband spatial differential CQI
value to the offset level is shown in Table 7.2-2.

o If the UEisconfigured with CRI reporting,

o FIfaUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 3 report for
the CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process, the subband selection and CQI values for the CSl
process are calculated conditioned on the last reported periodic
wideband PMI for the CSl process and the reported periodic RI for
the configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported periodic
CRI for the CSI process; otherwise the subband selection and CQI
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values are calculated conditioned on the last reported periodic
wideband PMI, RI and CRI.

e otherwise,
0 For transmission modes 4, 8, 9 and 10,

= |f aUE isconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the 'Rl-reference CSI process is reported in the
most recent RI reporting instance for the CSI process, the
subband selection and CQI values for the CS| process are
calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic
RI for the configured 'Rl-reference CSl process' in the most
recent RI reporting instance for the CSI process; otherwise
the subband selection and CQI values are calcul ated
conditioned on the last reported periodic wideband PMI and
RI.

0 For other transmission modes the subband selection and CQI values
are calculated conditioned on the last reported PMI and transmission
rank 1.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter CSl-Reporting-Type
not configured, or for transmission modes 9 and 10 with 8 CSI-RS ports configured and
UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CS|-
RS ports configured and UE is configured with higher layer parameter CS -Reporting-
Type, and CS-Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource
configured, and higher layer parameter PMI-Configisset to ‘2’, or for transmission
modes 9 and 10 with higher layer parameter CS-Reporting-Type configured, and CS -
Reporting Type set to ‘CLASS A’ ,or for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e The UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set Ssubbands.

o0 Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
whichisshown in Table 7.2-2.

o If the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CS| process,

=  Thewideband second PMI value for the CSl processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported

ETSI



3GPP TS 36.213 version 13.0.0 Release 13

121 ETSI TS 136 213 V13.0.0 (2016-05)

wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

0 otherwise, with the last reported PT1=0,

otherwise,

The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PM1 and
the last reported periodic CRI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
process and the last reported periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CSI process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent R
reporting instance for the CSl process and the last reported
wideband first PMI for the CSI process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CS| process and the
reported periodic RI for the configured 'Rl-reference CS
process in the most recent RI reporting instance for the CSl
process.

0 Otherwise, with the last reported PTI=0,

The wideband second PM1 value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

If the last reported first PMI was computed under an RI assumption that differs

from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

= |n the subframe where subband CQI/second PMI for the selected subband is reported,
for transmission modes 9 and 10 with 8 CSI-RS ports configured and higher layer
parameter CS-Reporting-Type not configured, or for transmission modes 9 and 10 with
8 CSI-RS ports configured and UE is configured with CRI reporting, or for transmission
modes 9 and 10 with 8 CSI-RS ports configured and UE is configured with higher layer
parameter CSl-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASSB’, and one
CSI-RS resource configured, and higher layer parameter PMI-Configissetto ‘2, or for
transmission modes 9 and 10 with higher layer parameter CSl-Reporting-Type
configured, and CS-Reporting Type set to ‘CLASS A’ ,or for transmission modes 8, 9
and 10 with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured:

The UE shall select the preferred subband within the set of N; subbandsin each
of the J bandwidth parts where Jis givenin Table 7.2.2-2.
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The UE shall report atype lareport per bandwidth part on each respective
successive reporting opportunity consisting of:

o

CQI vaue for codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit label.

When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword O
—subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

The mapping from the 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

A second PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

If the UE is configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CS| process,

=  The subband second PMI values for the CSl process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

=  The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CS
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
instance for the CSI process and the last reported periodic
CRI for the CSI process.

0 Otherwise, with the last reported PTI=1

= The subband second PMI values are calculated conditioned
on the last reported periodic Rl and the wideband first PMI
and the last reported periodic CRI.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic Rl and the last reported periodic CRI.

otherwise,
o If aUEisconfigured in transmission mode 10 with a'RI-reference

CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=1 isreported in the most recent RI reporting
instance for the CSI process,
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o If thelast reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
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= The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSl process and the last reported
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wideband first PMI for the CSI process.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CS
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting

instance for the CS| process.

=  The subband second PMI values are calculated conditioned
on the last reported periodic Rl and the wideband first PMI.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last

Otherwise, with the last reported PTI1=1

reported periodic RI.

the conditioning of the second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth NS5 | Subband Size k (RBs) | Bandwidth Parts (J)
6—7 NA NA
8-10 4 1
11-26 4 2
27 - 63 6 3
64 — 110 8 4

If parameter ttiBundling provided by higher layersis set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSl reporting instance, then the UE shall drop the periodic CSl report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSl report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL -

SCH subframe bundling is configured.
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Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

PUCCH

PUCCH Reporting Modes

. M 1-1 | M 2-1 | M 1- M 2-
Reporting Reported Mode State 9de . 9de . (.)de ? 9de ?
Type (bits/BP (bits/BP (bits/BP (bits/BP
) ) ) )
L Sub-band RI=1 NA 4+L NA ::|I__1
CQl RI>1 NA 7+L NA 7412
8 antenna ports or 8/12/16 antenna ports with
Codebook-Config={2,3,4}, RI = 1 NA 8+L NA NA
8 antenna ports or 8/12/16 antenna ports with
Codebook-Config={2,3,4}, 1< RI<5 NA oL NA NA
8 antenna ports or 8/12/16 antenna ports with
Codebook-Config={1,2,3,4} RI > 4 NA L NA NA
Sub-band CQI 8/12/16 antenna ports with Codebook-
la / second PMI Config=1, RI = 1 NA 6+L NA NA
8/12/16 antenna ports with Codebook-
Config=1, Rl =2 NA 9+l NA NA
8/12/16 antenna ports with Codebook-
Config=1, 2<RI<5 NA 8+L NA NA
4 antenna ports RI=1 NA 8+L NA NA
4 antenna ports 1<RI<4 NA 9+L NA NA
2 antenna ports Rl = 1 6 6 NA NA
4 antenna ports RI = 1, Note® 8 8 NA NA
2 antenna ports RI > 1 8 8 NA NA
4 antenna ports RI > 1, Note® 11 11 NA NA
4 antenna ports RI = 1, Note® 7 7 NA NA
2 Wideband 4 antenna ports Rl = 2, Note® 10 10 NA NA
CQI/PMI 4 antenna ports RI = 3, Note® 9 9 NA NA
4 antenna ports RI = 4, Note® 8 8 NA NA
8 antenna ports RI =1 8 8 NA NA
8 antenna ports 1<RI<4 11 11 NA NA
8 antenna ports Rl = 4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
8 antenna ports RI <3 NA 4 NA NA
8 antenna ports 2 <RI < 8 NA 2 NA NA
8 antenna ports RI = 8 NA 0 NA NA
. 4 antenna ports 1<RI<2 NA 4 NA NA
Wideband
2a first PMI 4 antenna ports 2<RI<4 NA NA NA NA
8/12/16 antenna ports with Codebook- 3 3
Config=1, 1<RI<8 Note Note NA NA
8/12/16 antenna ports with Codebook- 4 4
Config={2,3,4} Note Note NA NA
8 antenna ports or 8/12/16 antenna ports with
Codebook-Config = {2,3,4}, Rl =1 8 8 NA NA
8 antenna ports or 8/12/16 antenna ports with
Codebook-Config = {2,3,4}, 1 <RI <4 1 1 NA NA
8 antenna ports or 8/12/16 antenna ports with
Codebook-Config = {2,3,4}, Rl =4 10 10 NA NA
8 antenna ports or 8/12/16 antenna ports with 7 7 NA NA
2b Wideband CQI Codebook-Config = {1,2,3,4}, RI > 4
/ second PMI 4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8/12/16 antenna ports with Codebook-
Config=1, RI = 1 6 6 NA NA
8/12/16 antenna ports with Codebook-
Config=1, Rl =2 9 9 NA NA
8/12/16 antenna ports with Codebook-
Config=1, 2<RI<5 8 8 NA NA
8 antenna ports RI =1 8 NA NA NA
. 8 antenna ports 1 <RI <4 11 NA NA NA
W|de_band cQl 8 antenna ports 4 <RI <7 9 NA NA NA
2c / first PMI
8 antenna ports RI =8 7 NA NA NA
/ second PMI
4 antenna ports RI=1 8 NA NA NA
4 antenna port 1<RI<4 11 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
1 1
8 antenna ports, 2-layer spatial multiplexing 1 NA Nlé NlAz
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
. o NA' NA'
8 antenna ports, 4-layer spatial multiplexing 2 NA 22 22
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1 1
8-layer spatial multiplexing 3 NA ngz‘ N:?
12/16 antenna p_orts,.Z-Iayer spatial 1 NA NA NA
multiplexing
12/16 antenna p_orts,.4-layer spatial 2 NA NA NA
multiplexing
12/16 antenna p'orts,'8-layer spatial 3 NA NA NA
multiplexing
Rl =1 or RI>1, without PMI/RI reporting NA NA 4 4
4 Wideband CQI RI = 1 without PMI reporting NA NA 4 4
RI>1 without PMI reporting NA NA 7 7
8 antenna ports, 2-layer spatial multiplexing 4
8 antenna ports, 4 and 8-layer spatial 5
5 RI/ first PMI multiplexing NA NA NA
4 antenna ports, 2-layer spatial multiplexing 4
4 antenna ports, 4-layer spatial multiplexing 5
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
6 RI/PTI 8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
4 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
4 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
2-layer spatial multiplexing k+1 k+1 k+1 k+1
7 CRI/RI 4-layer spatial multiplexing k+2 k+2 k+2 k+2
8-layer spatial multiplexing k+3 k+3 k+3 k+3
. 2-layer spatial multiplexing k+4 NA NA NA
8 CRI/RIffirst PMI 4 and 8-layer spatial multiplexing k+5 NA NA NA
2-layer spatial multiplexing NA k+2 NA NA
9 CRI/RI/PTI 4-layer spatial multiplexing NA k+3 NA NA
8-layer spatial multiplexing NA k+4 NA NA
10 CRI Without PMI/RI reporting NA NA k k

NOTE : For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
NOTE 1: Without PMI/RI reporting

NOTE 2: Without PMI reporting k :’—Iogz(K)-‘ where K is the number of configured CSI-RS resources

NOTE 3: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-1 of [4]
with PTI=0

NOTE 4: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-2 of [4]
with PTI=0

NOTE 5: Not configured with parameter CSI-Reporting-Type by higher-layers

NOTE 6: Configured with parameter CSI-Reporting-Type by higher-layers
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7.2.3 Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1 for reporting CQI based on QPSK, 16QAM and
64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for reporting CQI based on QPSK,
16QAM, 64QAM and 256QAM.

Based on an unrestricted observation interval in time unless specified otherwise in this subclause, and an unrestricted
observation interval in frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI
index between 1 and 15in Table 7.2.3-1 or Table 7.2.3-2 which satisfies the following condition, or CQI index 0 if CQI
index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with atransport block error probability not exceeding 0.1.

If CSI subframe sets Ccg o and Ccg 1 are configured by higher layers, each CSI reference resource belongs to either
Ccgio or Ccg g but not to both. When CSI subframe sets Ceg o and Ccg 1 are configured by higher layersa UE

is not expected to receive atrigger for which the CSI reference resource isin subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSl subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers and parameter CSl-
Reporting-Type is not configured by higher layers, the UE shall derive the channel measurements for computing the
CQI value reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals (CSI-RS)
defined in [3] for which the UE is configured to assume non-zero power for the CSI-RS. For a UE in transmission mode
9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall
derive the channel measurements for computing CQI based on CRS.

For aUE in transmission mode 10, when parameter CS-Reporting-Type is not configured by higher layers, the UE shall
derive the channel measurements for computing the CQI value reported in uplink subframe n and corresponding to a
CSl process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated
with the CSI process.

For a UE in transmission mode 9 and the UE configured with parameter CS -Reporting-Type by higher layers, the term
‘CSl process in this clause refersto the CSI configured for the UE.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter CSl-Reporting-
Type by higher layers, and CSl-Reporting-Typeis setto ‘CLASS A’, and one CSI-RS resource configured, or the UE is
configured with parameter CSl-Reporting-Type by higher layers, and CSl-Reporting-Typeisset to ‘CLASSB’, and
parameter channelMeasRestriction is not configured by higher layers, the UE shall derive the channel measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the non-
zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter CSl-Reporting-
Type by higher layers, and CSl-Reporting-Typeis set to ‘CLASS A’ and more than one CSI-RS resources configured,
the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and
corresponding to the CSl process, based on only the non-zero power CSI-RS (defined in [3]) within each configured
CSI-RS resource associated with the CS| process.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter CSl-Reporting-
Type by higher layers, and CSl-Reporting-Typeis set to ‘CLASS B’, and parameter channelMeasRestriction is
configured by higher layers, the UE shall derive the channel measurements for computing the CQI value reported in
uplink subframe n and corresponding to the CSI process, based on only the most recent, no later than the CSl reference
resource, non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process.

For a UE in transmission mode 10, when parameter CSl-Reporting-Type is not configured by higher layers, the UE shall
derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to
a CSl process, based on only the configured CSI-IM resource associated with the CSl process.

For a UE in transmission mode 10 and for a CSl process, when parameters CSl -Reporting-Type and
interferenceMeasRestriction is configured by higher layers, the UE shall derive the interference measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the most
recent, no later than the CSI reference resource, configured CSI-IM resource associated with the CSI process.
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For aUE in transmission mode 9 and for a CSl process, when parameters CS -Reporting-Type and
interferenceMeasRestriction is configured by higher layers, the UE shall derive the interference measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the CSI
reference resource subframe.

If the UE in transmission mode 10 is configured by higher layers for CS| subframe sets Ccg o and Ccg 1 for the CSI

process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to
derive the interference measurement.

For a UE configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, configured CSI-IM
resource(s) within only downlink subframe(s) of aradio frame that are indicated by UL/DL configuration of the serving
cell can be used to derive the interference measurement for the serving cell.

For aLAA Scell,
- for channel measurements, if the UE averages CRS/CSI-RS measurements from multiple subframes

- the UE should not average CSI-RS measurement in subframe nl with CSI-RS measurement in subframe n2,
if any OFDM symbol of subframe nl or any subframe between subframe nl and subframe n2, is not
occupied.

- the UE should not average CRS measurement in subframe nl with CRS measurement in subframe n2, if any
OFDM symbol of the second dot of subframe nl or any subframe between subframe nl and subframe n2, is
not occupied.

- for interference measurements, the UE shall derive the interference measurements for computing the CQI value
based on only measurements in subframes with occupied OFDM symbols.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CSl reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme isindicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource resultsin
the effective channel code rate which isthe closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesis relevant.

The CSl reference resource for aserving cell is defined as follows:

- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CQI value relates.

- Inthetime domain,

- for aUE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by asingle downlink or specia subframe n-ncq e,

- wherefor periodic CSl reporting ncq e iSthe smallest value grester than or equal to 4, such that it
corresponds to avalid downlink or valid special subframe,

- where for aperiodic CSl reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-ri2,.

- Ncg e ISSUch that the reference resource isin the same valid downlink or valid special subframe as
the corresponding CSI request in an uplink DCI format.

- Ncg e iS€qud to 4 and subframe n-ncg e COrresponds to a valid downlink or valid specia
subframe, where subframe n-ncq . IS received after the subframe with the corresponding CSI request
in a Random Access Response Grant.

- where for aperiodic CSl reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-ri2,
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- for the UE configured in transmission mode 1-9,

- Ncg e iSthe smallest value greater than or equal to 4 and subframe n-ngq &  COrrespondsto a
valid downlink or valid special subframe, where subframe n-ncq & isreceived on or after the
subframe with the corresponding CSI request in an uplink DCI format;

- Ncg et iSthe smallest value greater than or equal to 4, and subframe n-ncq ¢ Correspondsto a
valid downlink or valid special subframe, where subframe n-ncq & isreceived after the subframe
with the corresponding CSI request in an Random Access Response Grant;

- if thereisno valid value for neq &« based on the above conditions, then neg & 1S the smallest
value such that the reference resource isin avalid downlink or valid special subframe n-nco et
prior to the subframe with the corresponding CSI request, where subframe n-ncq ¢  is the lowest
indexed valid downlink or valid special subframe within aradio frame;

- for the UE configured in transmission mode 10,

- Ncg e iSthe smallest value greater than or equal to 4, such that it correspondsto avalid
downlink or valid specia subframe, and the corresponding CSI request isin an uplink DCI format;

- Ncg e 1Sthe smallest value greater than or equal to 4, and subframe n-ncq ¢ Correspondsto a
valid downlink or valid special subframe, where subframe n-ncq & isreceived after the subframe
with the corresponding CSI request in a Random Access Response Grant;

- for aUE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSl reference resource for a given CSl processis defined by asingle downlink or special subframe n-nco; rer,

where for FDD serving cell and periodic or aperiodic CSl reporting Negi e iS the smallest value greater
than or equal to 5, such that it correspondsto avalid downlink or valid special subframe, and for
aperiodic CSI reporting the corresponding CSI request isin an uplink DCI format;

where for FDD serving cell and aperiodic CSl reporting neg e« S equal to 5 and subframe n-neg; ref
corresponds to a valid downlink or valid special subframe, where subframe n-ncq ¢ is received after the
subframe with the corresponding CSI request in a Random A ccess Response Grant.

where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CS|
reporting, Ncq e 1S the smallest value greater than or equal to 4, such that it corresponds to avalid
downlink or valid special subframe, and for aperiodic CSI reporting the corresponding CSI request isin
an uplink DCI format;

where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, Neg et 1S
equal to 4 and subframe n-neg, &  corresponds to avalid downlink or valid special subframe, where
subframe n-neqi IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant;

where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSl reporting,
Nca re 1Sthe smallest value greater than or equal to 5, such that it corresponds to avalid downlink or
valid specia subframe, and for aperiodic CSI reporting the corresponding CSI request isin an uplink DCI
format;

where for TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, Negi e IS
equal to 5 and subframe n-neg, &  corresponds to avalid downlink or valid special subframe, where
subframe n-neqi IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant.

A subframein a serving cell shall be considered to be avalid downlink or avalid specia subframeiif:

it is configured as a downlink subframe or a specia subframe for that UE, and

in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary
cell isadownlink subframe or a special subframe with the length of DWPTS more than 7680- T, and

except for transmission mode 9 or 10, it is not an MBSFN subframe, and
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- it doesnot contain a DwPTS field in case the length of DWPTSis 7680-T, and less, and

- it does not fall within a configured measurement gap for that UE, and

- for periodic CSl reporting, it is an element of the CSI subframe set linked to the periodic CS| report when
that UE is configured with CS| subframe sets, and

- for aUE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSI process, it is an element of the CS| subframe set linked to the downlink or specia
subframe with the corresponding CSl request in an uplink DCI format, when that UE is configured with
CSl subframe sets for the CSI process and UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

- for aUE configured in transmission mode 1-9, and aperiodic CSI reporting, it is an element of the CSI
subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is
configured with CSl subframe sets by the higher layer parameter csi-SubframePatternConfig-r12, and

- for aUE configured in transmission mode 10, and aperiodic CSl reporting for a CSl process, it isan
element of the CSl subframe set associated with the corresponding CSl request in an uplink DCI format,
when that UE is configured with CSI subframe sets by the higher layer parameter csi-
SubframePatternConfig-r12 for the CSl process.

- exceptif the serving cell isaLAA Scell, and at least one OFDM symbol in the subframe is not occupied.

- except if the serving cell isaLAA Scell, and ] # N as described in sub clause 6.10.1.1in [3].

If thereis no valid downlink or no valid special subframe for the CSI reference resource in aserving cell, CS|

reporting is omitted for the serving cell in uplink subframe n.

In the layer domain, the CSI reference resource is defined by any Rl and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI:
- Thefirst 3 OFDM symbols are occupied by control signalling

- No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

- CPlength of the non-MBSFN subframes

- Redundancy Version 0

- If CSI-RSisused for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE isasgivenin
subclause 7.2.5

- For transmission mode 9 CSl reporting:

CRS REs are asin non-MBSFN subframes;

If the UE is configured for PMI/RI reporting or without PMI reporting, the UE-specific reference signal
overhead is consistent with the most recent reported rank if more than one CSI-RS port is configured, and is
consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna

ports {7...6+ v} for v layerswould result in signals equivalent to corresponding symbols transmitted on
y* (i) X (i)
antennaports {15...14+ P}, asgiven by : =W(@) , Where
y(l4+P) (|) X(vfl) (|)

x(i) = [x(o) (i .. x? (i)]r isavector of symbols from the layer mapping in subclause 6.3.3.2 of [3],
Pe{1,2,4,812,16} is the number of CSI-RS ports configured, and if only one CSI-RS port is configured,
W(i)is 1, otherwise for UE configured for PMI/RI reporting W (i) is the precoding matrix corresponding to
the reported PM| applicableto X(i) and for UE configured without PMI reporting W (i) is the selected
precoding matrix corresponding to the reported CQI applicableto X(i) . The corresponding PDSCH signals
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transmitted on antenna ports {15...14+ P} would have aratio of EPRE to CSI-RS EPRE equal to the
ratio given in subclause 7.2.5.

- For transmission mode 10 CSI reporting, if a CSI processis configured without PMI/RI reporting:

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port { 7} isinferred from the channel on antenna port { 15} of
the associated CSI-RS resource.

- CRSREsareasin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,

- If the number of antenna ports of the associated CSI-RS resourceis 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports { 0,1} except that the
channels on antenna ports { 0,1} areinferred from the channels on antenna port { 15, 16} of the associated
CSl resource respectively.

- If the number of antenna ports of the associated CSI-RS resourceis 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports { 0,1,2,3} except that
the channels on antenna ports { 0,1,2,3} are inferred from the channels on antenna ports { 15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- The UE isnot expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-gpecific reference signal overhead is zero.

- For transmission mode 10 CSlI reporting, if a CSI process is configured with PMI/RI reporting or without PM|I
reporting:

CRS REs are asin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CS|
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one

CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v} for v layerswould result in
signals equivalent to corresponding symbols transmitted on antenna ports {15...14+ P}, asgiven by
Y () X ()
: =W(i) : , where x(i) = [x(o) (i .. x@? (i)Ir isa vector of symbols from the
y(14+P) (|) X(vfl) (|)

layer mapping in subclause 6.3.3.2 of [3], P € {1,2,4,8,12,16} isthe number of antenna ports of the
associated CSI-RSresource, and if  P=1,W((i) is 1, otherwise for UE configured for PMI/RI reporting

W (i) is the precoding matrix corresponding to the reported PM1 applicableto X(i) and for UE configured
without PMI reporting W(i) is the selected precoding matrix corresponding to the reported CQI applicable

to X(i) . The corresponding PDSCH signals transmitted on antenna ports {15...14+ P} would have a
ratio of EPRE to CSI-RS EPRE equal to the ratio given in subclause 7.2.5

- Assume no REs alocated for CSI-RS and zero-power CSI-RS

- Assume no REs allocated for PRS

The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).
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- If CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RSEPRE isas given in
subclause 5.2 with the exception of p A which shall be assumed to be

- pp =Py + A4 +10109,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated Rl is equal to one;

- Pa = Pa + Agset [dB] for any modulation scheme and any number of layers, otherwise.

The shift A gset IS given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer
signalling.

Table 7.2.3-0: PDSCH transmission scheme assumed for CSl reference resource

ULEElE L Transmission scheme of PDSCH
mode

1 Single-antenna port, port 0

2 Transmit diversity

3 Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

4 Closed-loop spatial multiplexing

5 Multi-user MIMO

6 Closed-loop spatial multiplexing with a single transmission layer

7 If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity
If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-

8 antenna port, port 0; otherwise transmit diversity
If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing
If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

9 If the UE is configured with PMI/RI reporting or without PMI reporting: if the number of CSI-RS ports is
one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B)
If a CSlI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port7; otherwise transmit diversity

10 If a CSI process of the UE is configured with PMI/RI reporting or without PMI reporting: if the number of
CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see
subclause 7.1.5B)

ETSI




3GPP TS 36.213 version 13.0.0 Release 13

Table 7.2.3-1: 4-bit CQI Table

132

ETSI TS 136 213 V13.0.0 (2016-05)

CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 640QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 640QAM 772 4.5234
14 64QAM 873 5.1152
15 640QAM 948 5.5547

Table 7.2.3-2: 4-bit CQI Table 2
CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 640QAM 567 3.3223
9 640QAM 666 3.9023
10 64QAM 772 4.5234
11 640QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063
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7.2.4 Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UES reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the UE shall report PMI if configured with
PMI/RI reporting and the number of CSI-RS portsislarger than 1. A UE shall report PMI based on the feedback modes
described in 7.2.1 and 7.2.2. For other transmission modes, PMI reporting is not supported.

For 2 antenna ports, except with UE configured with higher layer parameter CS -Reporting-Type, and CS-Reporting-
Typeissetto ‘CLASSB’, and one CSI-RS resource configured, and higher layer parameter PMI-Configissetto‘1’,
each PMI value corresponds to a codebook index givenin Table 6.3.4.2.3-1 of [3] asfollows:

= For 2 antennaports {0,1} or {15,16} and an associated Rl value of 1, aPMI value of ne {0,,2,3}

corresponds to the codebook index N givenin Table 6.3.4.2.3-1 of [3] with v =1.
= For 2 antennaports {0,1} or {15,16} and an associated Rl value of 2, aPMI value of ne {01} correspondsto

the codebook index N+ lgivenin Table6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {O,L2,3} or {15,16,17,18}, except with UE configured with higher layer parameter CS-Reporting-

Type, and CS-Reporting-Typeisset to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter
PMI-Configissetto ‘1’, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-2 of [3] or apair of
codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D asfollows:

e APMIvaueof ne{0],-,15} correspondsto the codebook index N givenin Table 6.3.4.2.3-2 of [3] with ¥

equal to the associated RI value except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.
o |f alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value correspondsto a pair of
codebook indices givenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, wherethe quantities ¢,, ¢',

and v'  inTable7.2.4-0A and Table 7.2.4-0B are given by
9, =e"™?
@y
Vo=l e
o AfirstPMIvaueof i e {O,l,---, f (v)—l} and asecond PMI valueof i, € {0,1,---, g(v)—l}
correspond to the codebook indices il and i2 respectively givenin Table 7.2.4-0j with v equal to
the associated RI value and where j ={A,B,C,D} respectively when v={1234},
f(v)={161611} andg(v)={16161616}.
o Thequantity W!¥ inTable7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
givenby the set {s} fromthe expression W, =1 —2u,ull /uf'u, where | isthe 4x4 identity

matrix and the vector u, isgivenby Table6.3.4.2.3-2in[3] and n=i,.

0 Insome cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-
1 submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators i; and i5.
Joint encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is

defined in Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table
7.2.2-11 for PUCCH Reporting Type la.

NP K

Table 7.2.4-0A: Codebook for 1-layer CSl reporting using antenna ports 0to 3 or 15to 18

0 1 2 3 4 5 6 7
@ @ @ @ @ @ @ @
0-15 \Nil,o VVi1,8 \Nil,le Vvi1,24 Vvi1+8,2 Vvi1+8,10 Vvi1+8,18 Vvi1+8,26
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@ @ @ @ @ @ ()] @
0-15 VVi1+16,4 VVi1+16,12 VVi1+16,20 VVi1+16,28 VVi1+24,6 VVi1+24,14 VVi1+24,22 VVi1+24,30

1[ v
where Wn%%:— . ml }
2_¢)an

Table 7.2.4-0B: Codebook for 2-layer CSI reporting using antenna ports 0to 3 or 15to 18

Iy i

0 1 2 3
(@] 2 2 (2
0-15 Vvil,il,o Vvil,il,l Vvi1+8,i1+8,0 Vvi1+8,i1+8,1
il i2
4 5 6 7

(2 (2 (2 (2
0-15 Vv|1+16,i1+16,0 Vvi1+16,i1+16,1 Vvi1+24,i1+24,0 Vvi1+24,i1+24,1

Iy P

8 9 10 11
(2) (2) (2) (2)
0-15 i,,i,+8,0 i,,iy+8,1 i,+8,i,+16,0 i,+8,i,+16,1
g P
12 13 14 15
(2) (2 (2) (2)
0-15 iy,iy+24,0 [ivoan | Witsi2a0 i,+8,iy+24,1

m,m',n —\/é 1

(Dnvlm — PNV

1] Vv A
where W2 =—{ m m :|

Table 7.2.4-0C: Codebook for 3-layer CSI reporting using antenna ports 15to 18

Iy i

0 1 2 3 4 5 6 7
o | W™ 8 | Wi [ | Wi B | Wi s | w3 | Wi [ | it B | i
[

2
10 11 12 13 14 15

8 9
o | w8 [ | v [ | Wi V5 | Wi 5 | Wi s | i | Wi | i s

Table 7.2.4-0D: Codebook for 4-layer CSl reporting using antenna ports 15to 18

iy iy
0 1 2 3 4 5 6 7
0 | wiza /2 w1234 /2 w24 /2 w24 /2 w24 /2 Wiz /2 w2 /2 w4 /2
ip P
8 9 10 11 12 13 14 15
1234 1234 1324 1324 1234 1324 3214) 12
o | W2 | g o | g e | Wi | Wi | w2 | W | Wi 2

The UE is not expected to receive the configuration of alter nativeCodeBookEnabledFor4TX-r12 except for
transmission mode 8 configured with 4 CRS ports, and transmission modes 9 and 10 configured with 4 CSI-RS ports.
For a UE configured in transmission mode 10, the parameter alter nativeCodeBookEnabledFor4TX-r12 may be
configured for each CSI process.

For 8 antenna ports, except with,

- UE isconfigured with higher layer parameter CS-Reporting-Type, and CS-Reporting Typeisset to ‘CLASS A’
or
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- UE isconfigured with higher layer parameter CS-Reporting-Type, and CS-Reporting-Typeisset to ‘CLASSB’,
and one CSI-RS resource configured, and higher layer parameter PMI-Configissetto‘1’,

each PMI value correspondsto apair of codebook indices givenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5,
7.2.4-6,7.2.4-7, or 7.2.4-8, where the quantities ¢, and v,, aregivenby

(pn:ejm/z
vmz[l cizm@  gjamy32 eszzm/32]T

»  asfollows:For 8 antennaports {1516,17,18,19,20,21,22 }, afirst PMI valueof i, € {0,1,---, f (v)—1} anda

second PMI value of i, € {0,1,---,g(v)—1} correspondsto the codebook indices i, and i, giveninTable
7.2.4 with v equal to the associated Rl value and wherej = v, f(v)={1616,4,4,4,4,41} and
g(v) ={16,16,16,81111}.

= |nsome cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint

encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is defined in Table
7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH
Reporting Type la

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22

. i2
i
' 0 1 2 3 4 5 6 7
@ @ @ @ () @ @ @
0-15 Wai o Wi s Wi o Wi s Wai, 410 Wai 11 Wai 12 Woi s
i i
' 8 9 10 11 12 13 14 15
@ () @ @ @ () @ @
0-15 Wais2.0 Wai 21 Waii22 Wai'i2 Waiks0 Wai a1 Wai a2 2i,+3,3
v
where W, :i{ m }
V8PV

Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22

i 2
' 0 1 2 3
(2) (2) (2) (2)
0-15 | Wy %0 Wai i1 Woitaaino | Waiiai1a
i 2
! 4 5 6 7
(2) (2) (2) (2
0-15 | Wy ioziio0 | Waiiooic21 | Waitazieso | Wairazi+an
: i
Ip
8 9 10 11
(2) (2) (2) 2
0-15 | Wy %10 Wooiian | Waitioiez0 | Waiiazisoa
. ip
Ip
12 13 14 15
(2) (2) (2) (2)
0-15 | W55 .30 W aivar | Waitizi+so | Waiiiziss1
1| Vv V..
where W2 :—{ " " }
o 4 PnVm  — PV
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Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22

P

i
! 0 1 2 3
&) B ~(3) ~(3)
0-3 Waisi, 8i,+8 Wai 6,61, 8i,+8 Wai 61, +8,8i,48 Wai s i, 81,
i 2
1 4 5 6 7

(3) (3 IYiE) Y1)
0-3 W8i1+2,8i1+2,8i1+10 W8i1+10,8i1+2,8i1+10 W8i1+2,8i1+10,8i1+10 W8i1+10,8i1+2,8i1+2

8 9 10 11
(3 (3 A (3 ~(3)
0-3 W8i1+4,8i1+4,8i1+12 W8i1+12,8i1+4,8i1+12 W8i1+4,8i1+12,8i1+12 W8i1+12,8i1+4,8i1+4

12 13 14 15
3 (©) YIC) ~(3)
0-3 W8i1+6,8i1+6,8i1+14 W8i1+14,8i1+6,8i1+14 W8i1+6,8i1+14,8i1+14 W8i1+14,8i1+6,8i1+6

m' Vi W(3)- = 1 |Vm Vv Vmr
Vo —Ver Ve | ™™ 24|V Vy =V

where W :L{Vm Y

m,m’,m" \/ﬂ

Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22

i 12
! 0 1 2 3
(4) (4) (4) (4)
0-3| W5 g 80 Wai siss1 | Wai+28,+100 | Wai 28,4101
i 2
' 4 5 6 7
(4) (4) (4) (4)
0-3 | Wo lag+120 | Wairasazs | Wai+o8i+140 | Woir6i+141

where W% B L Vim Vim

mmn \/§ PVm OV —PnVm PV

Table 7.2.4-5: Codebook for 5-layer CSI reporting using antenna ports 15 to 22.

P

0
1 |Va, Vi,  Vaigvs  Vairs Voi4e
VA0 | Vi, —Va, Vaiis —Vaiss  Vai+e

0-3| W® =
1

Table 7.2.4-6: Codebook for 6-layer CSl reporting using antenna ports 15 to 22.

iy 2
0
0.3 w® 1 | Vo, Vo,  Vaieg  Voins  Voiue  Vaiie
. & = _—
' 48| Vai, —Vai, Vs —Voiis Vo6 Va6
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Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

. i
iy 2

0

Vai, Va1 Vai+s

0-3

Vi, +16
A56 | Vai, —Va, Vaig —Voi+s Voi+ie ~Vai+i6 Va2

Vi, +16

Vi +24

Table 7.2.4-8: Codebook for 8-layer CSI reporting using antenna ports 15 to 22.

I

0

W® - 1\Vai, Vo, Vairs Vairs  Vaieie

I
Lo 8|V,

—Vai, Vo ~Vai+8 Va6

Vi +16
Vi +16

Vi +24
Vi +24

Vi +24

—Vai 424

For 8 antenna ports {15,16,17,18,19,20,21,22 }, 12 antenna ports {15,16,17,18,19,20,21,22,23,24,25,26 }, 16 antenna

ports {1516,17,18,19,20,21,22,23,24,25,26,26,28,29,30 }, and UE configured with higher layer parameter CSl-

Reporting-Type, and CS-Reporting Typeisset to ‘CLASS A’, each PMI value corresponds to three codebook indices
givenin Table7.2.4-10, 7.2.4-11, 7.2.4-12, 7.2.4-13, 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, where the quantities ¢,,

U,and v, aregivenby

jm/2
¢n:el /
|2 _27m(N,-1)
Un=|1 e 9N e ON:
2 2d(N~D) T
Vim=|Uy € °Mug e Moy

Thevauesof N;, N,, O;,and O, areconfigured with the higher-layer parameters codebook-Config-N1,

codebook-Config-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2,
respectively. The supported configurationsof (0;,0,)and (N;,N,) for agiven number of CSI-RS ports are

givenin Table 7.2.4-17. The number of CSI-RS ports, P, is 2N;N,.

codebookConfigN2 is set to 1.

UE is not expected to be configured with value of CodebookConfig set to 2 or 3, if the value of

UE shall only use i; , =0and shall not report iy ,if the value of codebookConfigN2 is set to 1.

A first PMI value i; corresponds to the codebook indices pair {iu,il,z}, and a second PMI value

i, corresponds to the codebook index i, givenin Table 7.2.4-j with v equal to the associated RI value and

wherej= v+9.

In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 2-1 for value

of parameter Codebook-Config set to 2, 3, or 4 isdefined in Table 7.2.2-1F for PUCCH Reporting Type 1la

Table 7.2.4-9: Supported configurations of (0,,0,)and (N;,N,)

Number of

CSI-RS antenna ports, P (Nl' NZ)

(0,0,)
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8 (2,2) (4.4), (8.8)
1 (23 | (84).(88)
(3,2 (8,4), (4,4)
(2,4) (8,4), (8,8)
16 (4.2) | (84). (44)
(811) (4!')1 (8!')
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Table 7.2.4-10: Codebook for 1-layer CSl reporting using antenna ports 15 to 14+P

Value of ) ) iy
Codebook- l1 1,2
Config 0 1 2 3
1 @ () @ @
O’l'.“'olNl -1 O'J’.”’OZNZ -1 Vvil,llil‘zvo \Nimxil,z'l \Ni1,11i1‘212 Vvi1‘1:i1,213
1|V
1 ,m
where W|(,n)1,n =—
\/E ¢nvl,m
Value of ) . in
Codebook- I11 I12
Config 0 1 2 3
2 N,O N,O. (1) ) () 2
0L.., 12 -1 0L.., 22 21 | W 2,0 Woi! 20,0 Wo! iy, 2 Wa! 2,3
Value of ) ) iy
Codebook- I11 2
Config 4 5 6 7
2 N,O. N,O. ] 2 @ ]
0L..,—~2-1 O,l...,%—l W2i1,1+12i1,2,0 W2i1,1+12i1,2,1 W2i1,1+1,2i1,2,2 W2i1,1+12i1,2,3
Value of ) . i
Codebook- I11 2
2 N,O. N,O. 2 2 @] 2
0L..,—~2-1 O,l...,%—l W2i1,1,2i1,2+10 W2i1,1,2i1,2+1,1 W2i1‘1,2i1v2+],2 W2i1,1,2i1,2+13
Value of ) . in
Codebook- I11 l12
Config 12 13 14 15
2 N,O N (1) @ () 2
O,L...,%—l O,l...,zTOz—l W2i1‘1+],2i1‘2+],0 W2i1‘1+1,2i1v2+1,1 W2i1‘1+],2i1‘2+],2 W2i1,1+1,2i1,2+1,3
1 \
1 ,m
where W|$n)1,n =—
\/E (/’nvl,m
Value of ) . P
Codebook- l1q l12
Config 0 1 2 3
3 1 1 1 1
O,].,...,N1701—1 O,].,...,NZTOZ—I Wzsx),Zy,O WZ(X),Zy,l Wzsx),Zy,Z Wzsx),Zy,3
Value of . . iy
Codebook- l11 I12
Config 4 S 6 7
3 1 1 1 1
O,L...,%—l O,L...,NZTOZ—l WZ(X)+2,2y,O WZ(X)+2,2y,l W2(x)+2,2y,2 WZ(X)+2,2y,3
Value of ) . P
Codebook- l1q 12
Config 8 9 10 11
3 1 1 1 1
O,ZI.,...,Nl7O1 -1 0,1,...,% -1 Wz(x)+L2y+LO Wzsx)JrL2y+:L1 WZ(X)+L2y+L2 Wz(x)+L2y+L3
Value of . . iy
Codebook- l11 l12
Config 12 13 14 15
1 1 1 1
3 0,1,...,% -1 O,ZI.,...,NZTO2 -1 WZ(X)+S,2y+LO W2(x)+3,2y+l,l WZ(X)+3,2y+L2 WZ(X)+3,2y+L3
. . 1 VI m .
where X=iy;, Y=iy,, W® =—| =™ | i N, >N
11 12 I,mn \/E ¢nVI,m 1 2

. . 1] Vmi .

— _ @O _ m,

X=l1p, Y=ly1, WW =— ,if N;<N
L2 H !.mn VP |:¢nvm,l:| ! 2
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Value of ) . P
Codebook- l1q 12
Config 0 1 2 3
4 1 1 1 1
O,].,...,Nl7ol—l 01..., N2202 -1 Wzgx),Zy,O WZ(X),Zy,l Wzsx),Zy,Z Wzsx),ZyB
Value of . . iy
Codebook- |;|_’1 Il2
Config o 5 6 7
4 1 ) 1 1
01... N1201 1 O,L...,NZTOZ—l Wz(x)+1,2y,o Wz(x)+1,2y,1 Wz(x)+1,2y,2 Wz(x)+1,2y,3
Value of ) . P
Codebook- l11 l12
4 1 1 1 1
01..., N1201 1| 01. ,%—1 Wzsx)+2,2y,0 Wzsx)+2,2y,1 W2(x)+2,2y,2 W2(x)+2,2y,3
Value of . . iy
Codebook- l1q 12
Config 12 13 14 15
4 1 1 1 1
01..., leol 1 O,J,...,NZTOZ—l W2(x)+3,2y,0 W2(x)+3,2y,1 W2(x)+3,2y,2 W2(x)+3,2y,3
. . 1| VY
(/)nvl,m

X=1ly2,

I,mn _ﬁ

Vm,l

: 1
=iy, WO =~
Y=o Phma =5 |:¢nvm,l

]if N; <N,

Table 7.2.4-11: Codebook for 2-layer CSl reporting using antenna ports 15 to 14+P

2 Layers, Codebook-Config =1

i,,=0,-,N,0,—1

i '2
0 1 2 3
_ 2 (2 () (2
O’ ! Nlo 1 i1,1:i1,1xi1,2 !il,Z 0 i1,1xi1,1:i1,2:i1,2:1 il,l!il,l'il,z 'il,z 2 il,l'il,l’ilyz ’il,Z 3
1 V, Y
where W|(|2') == ot
A4 mm.n 2P ?nV ,m _(pnvl’,m’
2 Layers, Codebook-Config = 2
If N;>N,,p =1lotherwisep =0,
i,=0,---,N,0,/2-1
i 12
" 0 1 2 3
0... NG 2 2 (2) (2)
TS 2iy1,2i11,2i; 5,21 5,0 2iy1,2i11,2i1 5,2i; 5,1 2i31+P,2iy 1+ P,2i; 2,211 5,0 2iy 1+ P,2ig 1+ P,2ig 5,2015.1
. iy
I1,1
4 5 6 7
0. NGO, (2) (2) 2 (2)
T, 2iy 1,211+ P, 211 5,201 5,0 2i 1,211+ P,2i1 5,211 5,1 2iy1,2i15,2i; 51,213 ,+1,0 2iy1,2i14,2i; 541,21 41,1
. iy
I1,1
8 9 10 11
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N,O, 2 ) ) 2 ) ) 2 2
2| 2i 2 1,2 1 2| 2i 2 1,2 11
0,'-',7—1 Lt Pl Py 2+ S ot P At Pt Y VD1 iy 14 p,2iy 41,21y ,41.0 21y 20+ P20 5120 511
P
11
12 13 14 15
(2)
0 N,O 1 (2) (2) (2) 2y 1+ P, 20 1+ P2y 5,20 511
T 21 1,2i11,2i; 5,21 ,+1,0 21,211 1,21y 5,21y 5 +11 2i; 1+ P, 2015+ P21 5,201 ,+1,0 LR
1| Vv Vo
where VVI(I?)mrri no _/ " o '
e 2P ¢nvl,m _¢nvl’,nrf
2 Layers, Codebook-Config = 3
i, =0,-,N,0,/2-1
i2
Ill
0 1 2 3
N,O,
11 (2) (2) (2) (2)
01' o ’T - 1 Vv2><,2x,2y,2y,0 Vv2><,2x,2y,2y,l Vv2><+1,2x+1,2y+1,2y+1,0 W2x+1,2><+1,2y+1,2y+1,1
P
Ill
4 5 6 7
0... NGO 4 @ @ W @
IR 2 2x+2,2x+2,2y,2y,0 2x+2,2x+2,2y,2y,1 2x+3,2%+3,2y+1,2y+1,0 2x+3,2%+3,2y+1,2y+1,1
P
Ill
8 9 10 11
N,O @ @ @ @
0,‘ v ,T 1 VV2><,2><+1,2y,2y+1,0 V\/2x,2x+1,2y,2y+1,1 W2x+1,2x+2,2y+1,2y,0 V\/2x+1,2x+2,2y+1,2y,1
i2
Ill
12 13 14 15
N,O,
1™~ (2) (2) (2) (2)
01' o ’T 1 V\/2x,2x+3,2y,2y+1,0 VV2><,2><+3,2y,2y+1,1 V\/2x+1,2x+3,2y+1,2y+1,0 W2x+1,2x+3,2y+1,2y+1,1
. . 1 Vv Vit .
where =iy, y=i, W? =——| " " if N,>N, and
R aY; 2P ¢nvl m _¢nvl',m’
. . 1 \Y Vit 1 .
_ _ (2) _ m| el
X=i y=i 9 = if N;,<N
121 11 ' 1 2
LEmm,n Y 2P ¢nvm,l _¢nvnrf,l'
2 Layers, Codebook-Config = 4
i, =0,,N,0,/2-1
by L
0 1 2 3
N,O, (2) 2) (2) )
0,---, 2 1 Vv2x,2x,2y,2y,0 W2x,2x,2y,2y,l Vv2x+1,2x+l,2y,2y,0 W2x+1,2x+1,2y,2y,1
i1,1 '2
4 5 6 | 7
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N,O, (2) (2) (2) (2
0,---, 12 t-1 Vv2x+2,2x+2,2y,2y,0 Vv2x+2,2x+2,2y,2y,1 Vv2x+3,2x+3,2y,2y,0 W2x+3,2x+3,2y,2y,1
i 12
- 8 9 10 11
N,O, ) (2) (2) (2
0,---, 12 t-1 W2x,2x+1,2y,2y,0 W2x,2x+1,2y,2y,1 Vv2x+1,2x+2,2y,2y,0 W2x+1,2x+2,2y,2y,1
i 12
- 12 13 14 15
N,O, ) (2 (2 (2)
0, 12 +-1 W2x,2x+3,2y,2y,0 W2x,2x+3,2y,2y,l Vv2x+l,2x+3,2y,2y,0 W2x+l,2x+3,2y,2y,l
. . 1 VI m VI’ m .
where x=i,,, y=i,, W?» =~ & ' if N, >N, and
" L2 Lmm,n \/ﬁ ¢nvl m _¢nvl’,nrf ! 2
. . 1 Vi Vi .
X=i,, Y=i, W? = ™ “ |, if Ny<N
12 " Hrmm.n \/ﬁ ¢nvm,l _¢nvm’,l’ ! 2

Table 7.2.4-12: Codebook for 3-layer CSl reporting using antenna ports 15 to 14+P

3 Layers, Codebook-Config =1, N;>1, N,>1
i,=0L1---,NO,-1

. i
i 2
H 0 1
. _ (3) A7(3)
0, ’olNl 1 Vvil,lxil,l"'ohil,z P Vvil,lxil,l"'ohil,z P
(3) A7(3)
OlNl’. " zolNl -1 i120011:01,2.01 2405 120011101201 2405

m

1 {Vl,m Vim VI’,m:| oo _ 1 {Vl,m Vi VI’,m:|

where W& =—— W® =
1l ,mm I3P V|’m _VI m _\/rm 1l ,mm }3P V| m VI’ ) _Vl'vm‘

3 Layers, Codebook-Config =1, N,=1

i, =0
i1g 2
0 1
(3 A/(3)
0, volNl -1 Vvilvl,ilvl+01,0,0 Vvil,lﬁin*'olvoﬁo
(3 A/(3)
olNl" T 201N1 -1 Vvim,il,1+201,0,0 Vvim,ilyﬁzol,o,o
(3) A/(3)
20,N;,--+,30,N, -1 V\/i1,1’i1,1+301ﬁ0’0 \Nilvl,il‘ﬁsol,o,o
1 |Yim Vim Vim - 1 | VYim Vim Vim
where W®  =——_ ' VYA ——— ’ '
1l ,mm I3P V|’m _VI m _\/rm Il ,mm }3P V| m Vl"m' _Vl'vm‘
3 Layers, Codebook-Config = 2
i, =01---,2N, -1
. i
i 2
W 0 1 | 2 3

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 143 ETSI TS 136 213 V13.0.0 (2016-05)
0... 2N. -1 3 (3) Ve e
LA 1 2i11,2i11+4,2i1 5,211 5 2i11+4,2i1 1,211 5,211 5 2i11,2i11+4,2i1 5,211 5 2i11+4,2i1 1,211 5,211,
(3) (3) A/(3) A/(3)
2N11' 14N1_1 2iy 1,21 1,2y 2,20y +4 2i31,2i11,2iy p+4,2i3 5 2i11,2i11,2i1 5,211 ,+4 2i11,2i11,2i1 +4,2i1 5
i11 2
' 4 5 6 7
0..- 2N. -1 (3) (3) VS VS
L 1 2i11+1,2i11+5,2i1 5,211 » 2i11+5,2i1 141,211 5,2i; 5 2i11+1,2i1 145,211 5,2i; 5 2i11+5,2i11+1,2i1 5,211 5
2N,,---,4N, -1 (3) (3 VIE) )
17 1 2i11+1,2i11+1,2i; 5,2y ,+4 2i11+1,2i1,+1,2i; ,+4,2i; , 2i11+1,2i1+1,2i) ,2i; , +4 2i11+1,2i1 1+1,2i ,+4,2i; 5
ill 2
' 8 9 10 11
0... 2N. -1 E) (3) Ve e
v 1 2i11,2i11+4,2i) ;+1,2i; o +1 2ip1+4,2ip 1,2i; ,+1,2i; 5 +1 2i11,2i11+4,2i; +1,2i; 5 +1 2iy1+4,2iy 1,2i) ,+1,2i; o +1
ON. - AN. -1 (3) 3 Ve Ve
1 1 2i11,2i11,2i1 ,+1,2i; ,+5 2i11,2i11,2i1 ,+5,2i) ,+1 2i1 1,211,201 ,+1,2i) ,+5 2i11,2i11,2i1 ;45,2 ,+1
i 2
11
12 13 14 15
& e NS Vi)
O,-- ,2N1—1 2i1 141,21 +5,2i; 5 +1,2i; 5 +1 2i11+5,2i11+1,2i; ,+1,2i; 5 +1 2i11+1,2i1 1+5,2iy +1,2i; 5 +1 21 1+5,2i; 41,21 5+1,2iy 5 +1
& e NS VIS
2N1,- ,4N1—1 2i11+1,2i1,+1,2i; 41,201 ,+5 2i11+1,2i1 1 +1,2iy 5 +5,2i; 5 +1 2i11+1,2i1 1+1,2i; ,+1,2i; ,+5 211 1+1,2i1 1 +1,2i; 5+5,2i; 5 +1
V, V, V, V, V, V,
1| 2%m %%y Oy Oy N 1| 2%m "%y O Oy
where W& = 4 474 44 @ __+ | 4 2
11" ,mm . ! 11, mm .
V3P Vo, 0, Vo0, Vo0, V3P Vo, 0, Vo0, Vo0,
44 4 4 "4 44 4 4
3 Layers, Codebook-Config =3
i, =01--,2N, -1
g 2
' 0 1 2 3
0o N.—1 (3) E) Ve Ve
LA I | 4iy1+2,4i) 1+6,2i) 5,2i) 5 4iy1+6,4i; 1+2,2i; 5,2i; , 4iy1+2,4i1 1+6,2i; 5,2i; , 4iy1+6,4i;1+2,2i) 5,2i) 5
N (3) (3) ve Ve
177 1 4i11+2,4i11+2,2i1 5,201 ,+4 4ip1+2,4i11+2,2i; ,+4,2i; , 4ip1+2,4i1 142,21 5,211 ,+4 4ip1+2,4i11+2,2i1 ,+4,2i; 5
i11 I2
' 4 5 6 7
0. N.—1 ) ©) e /(3
T Ny 4ip1+3,4i1,+7,2i1 5,211, 4ip1+7,4i11+3,2i 5,211 5 4ip1+3,4i11+7,2i1 5,211 5 4i11+7,4i11+3,2i; 5,201,
N E) (3) Ve e
1 1 4iy1+3,4111+3,2i) 5,201 ,+4 4ip1+3,4i1,+3,2i) ,+4,2i; , 4ip1+3,4i1,+3,2i) 5,20 ,+4 4iy1+3,4111+3,2i) ,+4,2i; 5
- i
l11 2
' 8 9 10 11
0o N. -1 E) (3) Ve Ve
oIy 4iy 1,41 1+4,2i) ,+1,2i) o +1 4iy 1+4,4i) 1,21 ,+1,21; ,+1 4ip 1,411 +4,2i) ,+1,2i; 5 +1 4iy 1+4,4iy 1,2 ,+1,2i) o +1
N - ON. -1 (3) €) Ve Ve
1 1 4ip 1,411,211 ,+1,2i) ,+5 4iy 1,411,211 5+5,2i; ,+1 4iy 1,411,211 5+1,2i) ,+5 4ip 1,411,211 545,201 ,+1
i11 |2
’ 12 | 13 | 14 15
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(3 E) VIE) WE)
0,---, Nl -1 4ip1+1,4i11+5,2i ,+1,2i; ,+1 4iy1+5,4i11+1,2i) ,+1,2i ,+1 4ip1+1,4111+5,2i ,+1,2i ,+1 4iy1+5,4i11+1,2i) ,+1,2i ,+1
(3) (3) A/(3) A/(3)
Nl" -, 2N1 -1 4ip1+1,4111+1,2i; ,+1,2i) ,+5 4iy1+1,411 1 +1,2i ,+5,2i ,+1 4ip1+1,411 1 +1,2i ,+1,2i) ,+5 4ip1+1,411 1 +1,2i ,+5,2i ,+1
Vorom  Voiom Vo o Vorom Vorom  Vorom
where W@ = 1 474 474 44 WO = 1 474 44 474
(I _ _ ! 11", mm —
™ 3P| Voy o Vo om VOlI oo ™ 3P| Vo om Vor o Voll' o
4 4 4 4 2 a4 4 4 4 4 2 4
3 Layers, Codebook-Config =4, N, >1 N,>1
i, =01,4N, -1
: i
l11 2
' 0 1 2 3
0.ei N -1 3 E) ve VO
Iy 41,41 +4i 5,00 4ig1+4,4i1 1,11 2012 4ig 9,40y 1+4i1 5010 4ip1+4,4i1 1,11 9,012
(3 (3 N3 N (3
Nl" '2N1_1 4ig1,8i1 1,01 0001 0+4 411,81 1,01 2+4i1 2 4ig1,8i11,01 0001 0+4 4igq,81 1010+,
- i
i 2
11
4 5 6 7
0--- N -1 @ @ NS NS A
L | 4igq+1L4i1 145115001 4ig+5,4i11+1i1 5,01, 4igq+1L4i1 145115001 4i1+5,4i11+1 5,01,
(3 (3 N (3) N3
Nl" . '2N1 -1 VV4i1,1+1‘4i1,1+1,i1v2 iy o +4 4y 11,40 1 +1i; o4y o 4y 11,40 1 1 5,0y o +4 4ig1+1,40 1+ o +4g o
i Iy
11
8 9 10 11
0--- N. -1 ® ® N3 N3
L | 4y 142,411 1+6,i1 5,01 5 4y 146,411 142,11 5,015 4iq1+2,4i1 146,01 5,015 4iq1+6,4i11+2,i1 5,115
N, - 2N. -1 e e NS NO
1 1 4y +2,4i11+2,i) 5,01 o +4 4y +2,4i) 142,11 p+4ig 5 4y +2,4i11+2,i 5,01 +4 4iy1+2,4i11+2,i1 o +4i; 5
i1 z
12 13 14 15
0---. N. -1 © © NS NS
vt 4ig1+3,4i11+7,i1 54015 iy 1 +7,4i1 14311 2012 4iy1+3,4ip1+7,i1 5015 4y +7,4i1 14311 5401 2
N, - 2N. -1 e & NS NS
1 1 4iy+3,4i1 143,01 5,01, 14 4iy 1 +3,4i11+3)i1 1+ 5 4iy1+3,4i1 143,01 5,01, 14 4ig1+3,4i1 1431 ,+4,i1 5
Vosom  Vosom oy o Vorom Vorom  Vor o
where W(;) o 4 4 4 4 4" 4 E) _ 1 4 4 4" 4 4" 4
11", mm _ _ ’ 1,I',mm —
V3P| Vorom Vorom Voo V3P | Vorom Vorom Vo om
4" 4 4" 4 R 4" 4 4 4 R
3 Layers, Codebook-Config =4, N,=1
i, =01,4N, -1
. i
l11 2
' 0 1 2 3
0. N.—1 ) ) /(3 e
Iy 4i1,,4i1,+4,0,0 4i1,+4,4i1,,0,0 4i1,,4i1,+4,0,0 4ip,+4,4i11,0,0
(3) (3) A(3) A1(3)
N11' . 12N1 -1 4i,,4i,+8,0,0 4i;,+8,4i;,,0,0 4i,,4i,+8,0,0 4i;1+8,4i1,1,0,0
(3) (3) A/(3) A/(3)
2N1" T 3N1 -1 4i1,,4i1,+12,0,0 4i1,+12,4i1,,0,0 4i1,,4i1,+12,0,0 4ip,+12,4i;,,0,0
i11 '2
’ 4 | 5 | 6 | 7
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(3) (3) A/(3) A (3
0N, -1 Vv4i1,1+1,4i1,1+5,0ﬁ0 4iy 1+5,4i1,+1,0,0 4iy,+1,4i1,+5,0,0 W4i 11+54i;,+1,0,0
(3) (3) A/(3) N (3
N,,--+,2N, -1 Vv4i1’1+1,4i1’1+9,0,0 4i1,+9,4i1+1,0,0 4iy1+1,4i;,+9,0,0 W4i1,1 +9,4i1,+1,00
(3) (3) A/(3) N (3
2N,;,---,3N; -1 Vv4i1,1+1,4i1,1+13,0,0 4iy,+13,4i1,+1,0,0 4i1,+1,4i1,+13,0,0 Wi 11+13,4i1,+1,0,0
11 '2
8 9 10 11
(3 (3 A/(3) YE)
0, Nl -1 Vv4i1,1+2,4i1,1+6,0,0 4i11+6,4i1,+2,0,0 4i11+2,411,+6,0,0 4i1 ,+6,4i1,+2,0,0
(3) (3) A/(3) A/(3)
N;,--+,2N, -1 Vv4i1,1+2,4i1,1+10,0,0 4, ,+10,4i; ,+2,0,0 4iy1+2,411,+10,0,0 4i1,+10,411,+2,0,0
(3) (3) A/(3) A/(3)
2N;,--+,3N; -1 Vv4i1vl+2,4ilv1+l4,0,0 4i,,+6,4i; 1 +14,0,0 4iy,+2,4i;,+14,0,0 4i),+14,4i, ,+2,0,0
g 2
12 13 14 15
(3) (3) A/(3) A7(3)
0N, -1 Vv4i1vl+3,4i1vl+7,0,0 4i,,+7,4i;,+3,0,0 4y ,+3,4i,,+7,0,0 4iy,+7,4i1,+3,0,0
(3) (3) A/(3) A/(3)
N;,---,2N, -1 Vv4i1,1+3,4i1,1+11,0,0 Vv4il,1+1L4i1,1+3,0,0 iy 1+34i1;+11,0,0 4ip1+11,411,+3,0,0
(3 (3 A/(3) /(3
2N1" T 3N1 -1 Vv4i1,1+3,4i1,1+15,0,0 4i1,+15,4i;,+3,0,0 4i11+3,4i;,+15,0,0 4i1,+15,4i1,+3,0,0
Vorom  Vorom Vo om Vorom Vorom Vo om
where W@ 1 474 474 24 T 474 T4 474
I mm \/3_P v iy Ry VO mm T \/3_P v V. . . =V )
&I,% I,% ol o,m ﬂ,% ol om ol om
4’ 4 4’ 4 a4 4’ 4 4 a a4

Table 7.2.4-13: Codebook for 4-layer CSl reporting using antenna ports 15 to 14+P

4 Layers, Codebook-Config=1, N;>1 N,>1

i, =01:-,N,0,~1

. i2
Ilvl
0 1
... _ (4) )
0+, N,O -1 Wl,lril_ﬁ'olril,zril,z 0 11411+001 2,11 2.1
4) 4)
olNl" T 201N1 -1 11,11101,2,11,2102,0 11d110021012+00 1
@ 1| Yim VYim Vim Vi

where W7 =—
Wmm — fap OVim PV ~PVim OV
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4 Layers, , Codebook-Config =1, N,=1

i, =0
. |2
l11
0 1
(4) 4)
0, ’OlNl -1 lel,imol,o,o,o 11,012+0;,0,0,1
(4) 4)
olNl" T 201N1 -1 lel,inJrZOl,O,O,O 11411+20;,0,01
(4) 4)
201N1!' h '301N1 -1 lel,inJrSOl,O,O,o 11411+30;,0,0,1
(4) _ 1 Vl,m VIm VI m Vlm
mm - b
i 4P| oV, m ¢nv|',m' OV m _¢nv|',m‘
4 Layers, Codebook-Config = 2
i,=021---,2N, -1
. i
i1q 2
b 0 1 2 3
(4) (4) (4) 4)
0,---,2N, -1 V\/2i11,2i1,1+4,2i1,2,2i1,2,o Vv2in,2in+4,2i112,2i112 1 V\/2i11+1,2i1,1+5,2i1,2,2i1,2,0 V\é(illerl,ZillerS,Zilvz,2i1¥2,1
2N, 4N, -1 (4) (4) W (4)
2i11,2i11,2i1 2,2 +4,0 2i11,2i11,20 2,2ip p+4,1 ip 141,211 +1,2i; 5,2i; 54,0 2iy+1,2i1+1,2i; 5,2i; p+4,1
P
l11
4 5 6 7
(4) (4) (4) V\é(4)
0,--,2N, -1 2i11,2i11 4,201 ,+1,2i; 5410 2iy1,2i11 4,201 1,21y p+11 2i1,+1,2011+5,2i; ,+1,2i1 ,+1,0 ig 141,211 145,207 5 +1,2i; 51,1
4) 4)
2N, 4N, =1 | a4 @ W9 o o
! t Wi 2011 20141205450 | G, 20y, 20y, 4120, 450 21+l 20 #2241, 2450 V\é('“”“2'1~1+L2'1~2+L2'1'2+5’1
1| o Vaan Voo, Yoo
@ 44 4 "4 44 4 "4
Imm _ _
VAP Vo, o, Vo, 0, ~HiVoy 0., TPV, o,
L 44 4 "4 44 4 "4
4 Layers, Codebook-Config =3
i,=01---,2N, -1
. i
l11 2
' 0 1 2 3
4) (4) (4) (4)
0N, -1 4i11+2,811,+6,211 5,2i15,0 V\élin+2,4i111+6,2i1'2 2ig 5,1 \N4i111+3,4jm+7,2i12 2i12.0 \A/4i1,1+3’44'11+7r2i1,2v2i1,2 1
Ny 2N =1 W WY (4) %)
1 ' 1
W1 +2,4011+2,201 5,20 5+40 | i +2,401+2, 201,20 5441 Uiy 43,411, +32i1 21y ,+4,0 i, +3,8i1 1 +3,21y 5 21y 44,1
P
11
4 5 6 7
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@ 2 (4) 4)
.. — 4i,,+1,4i,,+52i, ,+1,2i, ,+1,0 4i,,+1,4i,,+5,2i ,+1,2i; ,+1,1
0---,N, -1 iy Ay 1 +4,2i1 51,20 ,+10 iy A +4,20 541,20 5411 hath 9,27+ 2 o+, B i
4) 4)
N 2N, -1 4) (4) ( . i . \ ) ! '
ey A, 141,41 41,20 51,20 450 | Y Vaiy 1 +1,4i; 1 +1,2i; ,+1,2i; ,+51
iy Ay 1 21y 541,20 5+5,0 iy A1 21y 541,20 5451 LAl #2420 o LA HL2 o+ 2 o
1| e Voow Voo, Voo
(4) 4 4 4 4 4 4 4 4
1L mm _ _
VAP | PVo, 0, PVoy 0, Vo0, Vo, 0,
44 4 "4 44 44
4 Layers, Codebook-Config =4, N;>1, N, >1
i, =01,4N, -1
g i
i 2
11
0 1 2 3
0o N. -1 (4) 4) 4) (4)
Ny iy By 1 +4,i1 51 2,0 Biy 1,8 1 +4,i1 5.1 2,1 Giy 11,401 1+5,i1 5,11 2,0 iy 1 +1,8i 145,11 5 i1 5,1
N (4) 4) (4) 4)
FRE 1 411,411,012/l 24,0 4i11,4i11,01 2,11 2141 4i1 141,41 1+1i1 5,1 24,0 4ig1+1L,401 14107 5,0 o +4,1
P
Il,l
4 5 6 7
0 N -1 (4) B B (4)
i Ny iy 1+2,41, 1 +6,2i 5, 2i; .0 iy, +2,4iy 146,21 5,211 5,1 Giy 1438 1+7,2iy 5,201 .0 iy 43411 +7,20 5,211 5,1
Ny 2N, ~1 | WY Y Y 0
ey iy 42,411 142,21 5,211 ,+4,0 iy 142,41y 142,211 5,211 44,1 Giy 1434y 1+3,2i; 5,2i; ,+4,0 iy +341y 143,21y 5,20y p+4,1
1| e Voow Voo, Voo
(4) 4 4 4 4 4 4 4 4
1L mm _ _
VAP | PVo, 0, PVoy 0, Vo0, Vo, 0,
44 4 "4 44 4 "4
4 Layers, Codebook-Config =4, N, =1
i, =0,1-,4N, -1
i1g '2
0 1 2 3
(4) 4) (4) (4)
0,---,N; -1 iy 4iy1+4,0,00 i, 4iy,+4,00,1 V\/4im+14i1,1+5,o,o,o W44'1,1+L4i1,1+5,o,0,1
(4) 4) (4) (4)
N,,---,2N, -1 i, 1 4i1 148,000 %iy,41,,+8,001 W44'L1+],4i111+9,0,0,0 Vv4i1v1+1,4i111+9,0,0,1
4) (4) (4) (4)
2Ny,-+,3N, —1 4iy,,4i1,+12,0,0,0 4iy4,41,+12,0,0,1 W44'1,1+l4i1,1+130,0,0 W44'1,1+14i111+130,0,1
g i
i 2
11
4 5 6 7
0 N. -1 4) (4) (4) (4)
Ny 4iy,+2,4i;1+6,0,0,0 iy 1+2,411,+6,00,1 i1 1+3,4i1,+7,0,0,0 i1 1+3,4i1,+7,0,01
N IN. -1 4) (4) (4) (4)
ey 4iy+2,4i; 1+10,0,0,0 iy ,+2,4 1+10,0,0,1 /4iy 1+3,4i1,+11,0,0,0 iy 1+3,4i1,+11,0,01
2N 3N -1 4) (4) (4) (4)
17O 4y +2,4i; 1+14,00,0 iy 1+2,4i; 1 +14,00,1 i1 1+3,4i1,+15,0,0,0 '4iy1+3,4i1,+150,0,1
1| o Vaan Voo, Yoo
(4) 44 4 "4 44 4 "4
mm
NP PVo 0, PVo 0 ~PVo 0, ThVoo,
44 4 "4 44 4 "4
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Table 7.2.4-14: Codebook for 5-layer CSl reporting using antenna ports 15 to 14+P

ETSI TS 136 213 V13.0.0 (2016-05)

5 Layers, P=8, N;=N,
Value of Codebook-Config ka PP
5
1 01--,0N; -1 | 01--+,O;N, -1 VViZ(Ll)*il‘l"'ol'i1,1+01'i1,2'i1,21i1,2+02
(%)
2-4 0%---4N; -1 | 014N, -1 i+ s iy oohy o+
1 Vo, Yoo, Vaon VYoon Yoo
o = 4 4 4o * % |for Codebook-Config = 2-4
P BPI Vg o, Vo0, Vo0, Vo, Vo,o.
SAm gty g g
) 1 | Ym Yim Vi Vi Ve ,
V. = " | for Codebook-Config =1
Il ,mm,m /5P VI " VI " V|' . _V|‘ . V| .
5 Layers, P=12
Value of Codebook-Config | Configuration ka e
(5
1 N;>L Np21 | 0L, O;N; =1 | OL---,ONp =1 | VW10 61,400 i 41040,
(5
2 N,>LN,>1 | OL.--4N;-1 | 0L---4N,-1 1y i 1+ 2 iy o+
(5)
N, >N, 0L---4N;-1 | 0L---4N,-1 Ty 3 i+ iy 481 2 s 1y o+
3
(5)
N, <N, 0L---4N;-1 | 0L---4N,-1 Tyydn a1+ iy o+ 58
(5)
N, 2N, 01---4N, -1 01---4N; -1 11+ 81 21 20 2
4
(5)
N, <N, 01---4N;-1 | 0L---4N,-1 s da 11 o 1 oA o +8
where
1 [Veen Voo, Voo Voo Voo
Wo. = 4 4 4 * % | for Codebook-Config = 2-4
ST NPV o Vo0, Vo0, Voo, Voo
L 44 44 4 4 4 4 4
©) 1 (Yim VYim Vi rm Ve )
. for Codebook-Config = 1
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5 Layers, P=16
Value of Codebook-Config | Configuration ba 2
(5)
1 Nl >1, N2 21 0L ’olNl -11 0L '02 N2 -1 112,13+O01i11+00 i1 2,11 2,11 210,
(5)
2 N,>1N,>1 | 0L--4N;-1 | 0L--4N;-1 1111+ iy 2 2 iy o+
(5)
N, >N, 01---4N;-1 | 0L---4N,-1 Ty i+ iy 148y 0 s 1y o+
3
(5)
N, <N, 01---4N;-1 | 0L---4N,-1 Tyydn a1+ by o+ o8
(5)
Nl 2 N2 U ’4N1 -1 0L ’4N2 -1 i1 112 +4i11 4801 2,01 201 2
4
(5)
N, <N, 01---4N; -1 014N, -1 115013 501100.2 1 2 +4iy 5 +8
where
1 Voo, Yoo, Vaon Voo Voo
o == 4 ¢ ¢ * % | for Codebook-Config = 2-4
NPV o, Vo, 0, Voo, Vo, Voo
2 2™ ! 2" 2"
s 1 |[Yim VYim Vi Vi Vi ,
e = ’ ' " | for Codebook-Config = 1
I, mmm /5P VI m _VI m V|' . _V|‘ . V| -

Table 7.2.4-15: Codebook for 6-layer CSl reporting using antenna ports 15 to 14+P

6 Layers, P=8, N;=N,
Value of Codebook-Config i i
11 12
1 01---,O;N, -1 01---,0,N, -1 (8)
1IN T rat 2N T 112112t0L 111 +0 i 21l1 2411210,
2-4 (6)
01---4N; -1 01---4N; -1 i+ 1+ 2 dr o iy 44
where
1 |Veuon Voo, Voo Voo Voron Voo
(o = 4 4 4 ‘e ¢ for Codebook-Config = 2-4
T N6P Vo o, - Vo0, Vo, 0,0 Vo, Voo Voo
44 44 4 4 4 4 4 "4 4 "4
1 [Vn Vim Vi Vi Ve Ve _
@ =" tm b for Codebook-Config = 1
EETONBP Vi M Vi Vi Ve Ve
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6 Layers, P=12

Value of Codebook-Config | Configuration ba P
(6)
1 Nl >1, N2 21| 0L ’OlNl -1|0L-- '02 N2 -1 \/\/il,liil,l+011il,l+olii1,21i1,21i1,2+02
(6)
2 N,>LN,>1 | 0L---4N;-1 | 0L1---4N,-1 Vviu,il,1+4,il,l+4,i12,ilvz,i1,2+4
(6)
Nl 2 N2 0L ’4N1 -1 0L, ’4N2 -1 \/\/i111i1,1+41i1,1+81i1,21i1,2 gt
3
(6)
N, <N, 0%---4N;-1 | 01---4N,-1 V\/iu,il,l,il,l+4,im,i1,2+4,i1,2+8
(6)
Nl 2 N2 O’l’ a ’4N1 - 1 0’]’ T ’4N2 - 1 Vvi1,1:i1,1+4ui11+8:i1,2 :i1,21i1,2
4
(6)
N, <N, 014N, -1 01---4N,-1 Vvilvl,ilvl,iu,ilvz,i1'2+4,i1'2+8
where
1 [ Veon Voo, Yoo Voo Voo, Voo
wo. = ¢ s N A A o for Codebook-Config = 2-4
T NP IVo o Vo 0, Vouo Yoy, Voro, Yoy o
44 44 4 "4 44 4 "4 4 "4
(v v, V.. Vv RV
©) 1 I,m I,m I'm I'm m I"m :
D= for Codebook-Config = 1
T JBP Vi Vi Vi M Ve Ve

6 Layers, P=16

Value of Codebook-Config | Configuration I .
(6)
1 Ny >1 Ny 21| 0L 0Ny =1 | 01+, 0;Ny =1 | Wi i i i t0,
(6)
2 N,>LN,>1 | 0L--4N;-1 | 0L--4N;-1 Vviu,il,1+4,il,l+4,i12,ilvz,i1,2+4
(6)
N, 2N, 01---4N; -1 01---4N; -1 \A/iu,il,1+4,il’l+8,il’2,ilvz,i1v2+4
3
(6)
N, <N, 0L1---4N; -1 01---4N; -1 \A/iu,il,l,il,l+4,i12,i1,2+4,i1,2+8
(6)
N; 2N, 01---4N;-1 | 0L---4N,-1 Vvin,i1,1+4,i11+8,i1,2,ilvz,ilv2
4
(6)
N, <N, 01---4N; -1 014N, -1 V\/il,lvil,lvil.l*il,z'i1.2+4'i1.2+8
where
1 [Veon Voo, Voo Voo Voo Voo
o == 4 4 o A A for Codebook-Config = 2-4
T NBP IV o, Vo0, Vo, Vo,o. Vo,o. Voo
44 44 4 "4 4 "4 4 a4 4 a4
) 1 [ Vim VYim Vi Vi I"m ' .
D, = and for Codebook-Config = 1
T BP Vi Vim Viw Viw Vew Ve
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Table 7.2.4-16: Codebook for 7-layer CSI reporting using antenna ports 15 to 14+P

7 Layers P=8, N;:=N,

Value of Codebook-Config i i
11 12
1 (7
0L1-- '1OlN1 -1 01--- ,02N2 -1 112112t00 11 +0 1101 201,211,210, 11 210,
2-4 U]
01---4 Nl -1 01--- ,4N2 -1 it i tding iy gy o4y o4
where
1|22 Yaon Yaon Voon Yaon Voron Yoo
W .= for Codebook-Config =
T NTPIVo 0, Va0, Voo Yaron Voo, Voron Voo,
L 4 4 4 4 4 4 4 4 4 4 4 4 4
2-4
(7) 1 Ve Vi Vs Vi Ve VYew Vi
LU mmmmT T [7P | v, —v V. . =V, . V.. —V.. V..
Lom ot rm T m tm ™ Jfor Codebook-Config = 1
7 Layers, P=12
Value of
Co:libo Configuration i s
Config
0l1--,0N,-1 | 01---,0,N, -1 7
1 Nl > l' N2 21 112,112+00111+00 12,01 2,401,201 2405 11 2+0;
(7
2 N,>1 N,>1 0L---4N; -1 | 014N, -1 g+ i+ iy s oy o+ o +4
(7
N, 2N, 0%---4N;-1 | 01---4N,-1 N ARVTIT YRRVY I N VT N
3
(7
N; <N, 0%---4N;-1 | 01---4N,-1 byt 1y 44 o iy 54810y +4
(7
N, 2N, 01---4N;-1 | 01---4N,-1 i+ #8101 in o1y 2 iy o+
4
(7
N, <N, 01---4N; -1 014N, -1 12 i 1 2 i 2+ 28 5
where
Vim Vim Voo Vo Y S _
AT S Codebook-Config = 2-4
P TP Vi N Vi M Ve Ve Vi
Vim Vim Voo Vo Y S VI .
WO I B Codebook-Config = 1
P TP Vi N Vi Ve Ve Ve Vi
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7 Layers, P=16

Value of Codebook- . . . -
i [
Config Configuration 11 12
(7
1 N, >1L N,;21 | 0L---,O,N; -1 | 01---,O,N, -1 1111401 i1 +Oy i1 i1 i1 5O i1 540,
(7
2 N,>1L N,>1 01---4N; -1 01---4N,-1 Ty 1y 1+ i+ 1 g dn o i o+ o+
(7
N, 2N, 0%---4N; -1 01---4N,-1 N ARVERRT YRRET SR vy v
3
(7
N, <N, 01---4N; -1 01---4N; -1 112t i+ o 1o i 4811y 412
(7
Nl 2 N2 01 ’4N1 -1 0L ’4N2 -1 1110012+ 1 8011 +12,1 501 240 2001 2
4
(7
N, <N, 01---4N; -1 01---4N, -1 i1y i i1 2y 2+ g o 48y 5 +12
where
1 [Veon Voo, Voo, Voo Voron Voo, Voron
W =] 4 S ‘e ¢ A * % | for Codebook-Config =
T NTPIVG o, - Vo 0, Vou0, TVoyon Voyron TVoron Voo
4 4 4 4 4 4 4 4 4 4 4 4 4 4
2.4
Vi Vim Vi Ve Vew Vew Vi |
(o L e A B T e e T for Codebook-Config = 1
PRI Vi Vi Vi Vim Ve Vew Vi

Table 7.2.4-17: Codebook for 8-layer CSl reporting using an

tenna ports 15 to 14+P

8 Layers, P=8, N;=N,

Value of Codebook- i i
Config i iz
1 _ _ ®)
01, 'OlNl 1 01, '02N2 1 112011700011 +00 1.1 2.1 2.1 2705 1 240,
2-4 (8)
01---4N; -1 01---4N;-1 (FRPPR R PP N N NP AP
1 [Vaen Yoo, Yaon Voo Yoron Voo Voron Voo
where V\/Iflf's,)l”,l"',m,rri,m‘,m‘”=E v4 4 —\/4 4 V4 4 _\/4 4 V4 4 _V4 a V4 4 _V4 " tor
O O, Oy Oy Oy Oppy Oy O Oy Oy O O "0y Oappy Oy Op
44 44 4 4 4 4 4 4 4 4 4 4 4 "4
Codebook-Config = 2-4
®) 1 Vim Yim Vi Vi Ve Vi P Ve
L mmmmt T _ _ _ _
8P V| m V| m VI',m' I''\m 1"m 1" m 1" m" VI"‘,mm

for Codebook-Config =1
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8 Layers, P=12

Value of . . : .
i i
Codebook-Config CemigLrE e L L2
(8)
1 N;>1, N, =21 | 0L---,O)N;-1 | 01---,O,N, -1 111401 i1 +Oy i1 i1 i1 5O i1 540,
(8)
2 Nl >1, N2 >1 0L ’4Nl -1 0L ’4N2 -1 g g+t giy oy 00 o+ o +4
(8)
N, =N, 01---4N; -1 01---4N; -1 by a2+ Ay 4By 1+ B 5 iy 0 g A 5+
3
(8)
N, <N, 01---4N; -1 01---4N; -1 i1 1ig.0 i 1+ 1+ i o+ o +B1 o4
(8)
Nl 2 N2 01, ’4Nl -1 01 ’4N2 -1 a1t a8y 1 201 2 11 2 +4
4
(8)
Nl < N2 01 ’4N1 -1 01 ’4N2 -1 1000120041 2.0 241 24801 5
A R TR L T L L
WhEre W - o =E v _y v Yy v my v _y for
o0, Vo0, Voo, Voo Voo, TVoro. VYoo Voo
44 4 4 "4 4 4 "4 4 "4 4 "4 4 4
Codebook-Config = 2-4
1 [Mm Vi Voo Voo Ve Ve oo Ve _
@ =T e e e for Codebook-Config = 1
P BP Vi V Vig Vi Ve o Vew Ve
8 Layers, P=16
Value of . . q q
: i i
Codebook-Config Sy L L2
(8)
1 Nl >1, N2 21 0L ’OlNl -1 0L ’02 N2 -1 112,i12+001 14001 1,01 2,01 2,11 240511 240,
(8)
2 N, >1N,>1 0L--4N, -1 014N, -1 11 d g+ g g+ Ay gy oy o0 Ay o +4
(8)
N, 2N, 01---4N; -1 01---,4N,-1 i 1y 1Ay 48001 1 H120) 5 iy oy p Ay o+
3
(8)
N, <N, 01---4N; -1 01---4N; -1 i1 1.ig 1 1Ay 1+ 2,1y o+ o +81ip 512
(8)
N, 2N, 01---4N; -1 014N, -1 NV R TR E A 1
4
(8)
N, <N, 01---4N; -1 014N, -1 1101001001 2 2+ iy 24811 5 +12
v, V, V, V, V, V,
© 1 %n ,%m %n S %u %m‘ S’;r%m‘ Oy O %r%m” Z|“',%m“‘ %r”, 2
WHeXe W i :ﬁ v -V Y -V Y Y -V for
9 Oy 9% Oy Oy 9 Oppy 9y O O Oy 9 O 9y~ Oy
44 44 4 "4 4 "4 4 "4 4 a4 4 "4 4 a4
Codebook-Config = 1
L [V Vi Vi Viw Vi Vew Ve |
(8) _ m ,m m ,m ,m m _
s = E v v v v v y Codebook-Config = 2-4
I.m Im Im I"\m m I“,m” 1" m Im

For a UE configured with higher layer parameter CS-Reporting-Type, and CS-Reporting Typeis set to ‘CLASS B’,
and one CSI-RS resource configured, and higher layer parameter PMI-Configissetto ‘1,
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- For 2 antennaports {1516 }, aPMI value corresponds to the codebook index N given in Table 7.2.4-18 with
v equal to the associated RI value.

- For 4 antennaports {1516,17,18 }, aPMI corresponds to the codebook index N given in Table 7.2.4-19 with
v equal to the associated Rl value.

- For 8 antenna ports {15,16,17,18,19,20,21,22 }, aPMI value corresponds to the codebook index N givenin
Table7.2.4-20 with v equal to the associated RI value.

where eﬁN) isalength-N column-vector where its I-th element is 1 for k=l (k,| € {O,l,- -+.N —l}), and O otherwise.

Table 7.2.4-18: Codebook for v-layer CSl reporting using antenna ports {15,16}

Codebook Number of layers »
index, n 1 2
111 111 1
o | Hh | 3hf
111 111 1
" Eu EL —J
1)1
’ ﬁm '
11
’ V2 H '

Table 7.2.4-19: Codebook for v-layer CSl reporting using antenna ports {151617,18 }

Codebook Number of layers »
index, n 1 2 3 4
1 [ 12 &2 1) D o 1 [ &2 2 o
0 |2 542 _dd| | T&led _o@ @ ol dd 2 _dD 2
V2| & 2| e? -6 Vel -ef -e 22|ef) ¢ - -¢
L[] [ [ 2 ) | o d A o
J2|-eP| | 2je? -je? || Vo|el? -e -el?| | 22| je? je? el - jel?
1 e(()2) 1 eiz) eiz) 1 e(()z) e£2) eEz)
2 Tl 512 2 Toldd 2 _J2
V2| 2|q” -¢g VoY ¢? -¢
1 e,(()2) 1 eiz) eiz) 1 e}z) e(()z) e(()2)
P2l d?] | 2] —ie@|| To|d? @ _e2
2| & IE) =) 6 " & &
, 1 ﬁz)} 1[e? 2 _
\/E eEz) 2 e(()z) _eiz)
BECIEE
V2| -] | 2je? -jef?
A PR R TP _
2| 2| _e?
A EERIEERA |
2|-i-d?] | 2[je? - jef?

ETSI




3GPP TS 36.213 version 13.0.0 Release 13 155 ETSI TS 136 213 V13.0.0 (2016-05)

Table 7.2.4-20: Codebook for v-layer CSl reporting using antenna ports {1516,17,1819,20,21,22 }
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Codebook Number of layers v
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For a serving cell and UE configured in transmission mode 9, the UE can be configured with one CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more CSI-RS resource configuration(s). The following parameters for which the UE shall assume non-zero transmission
power for CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

- CSI-RS resource configuration identity, if the UE is configured in transmission mode 10,

- Number of CSI-RS ports. The alowable values and port mapping are given in subclause 6.10.5 of [3].
- CSl RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- CSl RS subframe configuration |~q_gs. The alowable values are given in subclause 6.10.5.3 of [3].

- UE assumption on reference PDSCH transmitted power for CSI feedback P, if the UE is configured in
transmission mode 9.

- UE assumption on reference PDSCH transmitted power for CSI feedback P, for each CSI process, if the UE is
configured in transmission mode 10. If CSI subframe sets Ccg o and Ccg 1 are configured by higher layers
for aCSl process, P, isconfigured for each CSI subframe set of the CSI process.

- Pseudo-random sequence generator parameter, n,p. The alowable values are givenin [11].

- CDM type parameter, if the UE is configured with higher layer parameter CS-Reporting-Type, and CSl-
Reporting-Typeisset to ‘CLASS A’ for aCSl process. The alowable values are given in subclause 6.10.5.3 of

[3].
- Higher layer parameter gcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and
CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:
- gcl-Scramblingldentity-r11.
- crs-PortsCount-r1l.
- mbsfn-SubframeConfigList-r11.

P. isthe assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes valuesin the
range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the
PDSCH EPRE to the cell-specific RS EPRE isdenoted by p,, as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive a CSlI RS Configuration index
(see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27]
for the extended CP case.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 — 3
associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 — 22
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.

A UE configured in transmission mode 10, and configured with higher layer parameter CS-Reporting-Type, and CS -
Reporting-Typeisset to ‘CLASS B’, and the number of configured CSI-RS resources is more than one for a CSl
process, and with quasi co-location type B, is not expected to receive CSI-RS resource configurations for the CSI
process that have different values of the higher layer parameter qcl-CRS Info-r11.
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7.2.6 Channel-State Information — Interference Measurement (CSI-1M)
Resource definition
For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM

resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource
configuration:

- Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- Zero-power CS| RS subframe configuration |~g_gs. The alowable valuesare given in subclause 6.10.5.3 of

[3].

For aserving cell, if aUE is not configured with the higher layer parameter csi-SubframePatternConfig-ri12, the UE is
not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power
CSI-RS resource configuration which can be configured for the UE.

A UE isnot expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the
zero-power CSI-RS resource configurations defined in subclause 7.2.7.

For aserving cell, if aUE is not configured with CSI subframe sets Ccg o and CCS,,1 for any CSI process, and the

UE is configured with four CSI-IM resources, then the UE is not expected to be configured with CSI processes that are
associated with all of the four CSI-IM resources.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

7.2.7 Zero Power CSI-RS Resource definition

For a serving cell and UE configured in transmission mode 1-9 and UE not configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with one zero-power CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 1-9 and UE configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with up to two zero-power CSI-RS resource
configurations. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more zero-power CSI-RS resource configuration(s).

For aserving cell, the UE can be configured with up to 5 additional zero-power CSI-RS resource configurations
according to the higher layer parameter ds-ZeroTxPower CS-RSr12.

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
- Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCS-RSin [3])

- Zero-power CSI RS subframe configuration |~g_gs. The alowable values are given in subclause 6.10.5.3 of
(3].
A UE should not expect the configuration of zero-power CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 1 serving cell, the UE is not expected to receive the 16-bit bitmap ZeroPower CSl-RS with any
one of the 6 LSB hits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap
ZeroPower CS-RSwith any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set
to 1 for the extended CP case.

7.3 UE procedure for reporting HARQ-ACK

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, * secondary cells,
‘serving cell’, and ‘serving cells in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.
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- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, *secondary cells,
‘serving cell” and ‘serving cells' in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCedll), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. Theterm ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK
reporting for frame structure type 1 is given in subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK
reporting for frame structure type 2 is given in subclause 7.3.2.

If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell isframe structure type 1, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.4.

7.3.1 FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-
frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative
SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell on its
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only onetransport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK hit for the serving cell isthe HARQ-ACK hit corresponding to the transport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— if two transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by
spatialy bundling the HARQ-ACK bits corresponding to the transport blocks;

—  if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to
NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mappedto p(0) and p(1) , respectively, where
b(0) and p(1) arespecifiedin subclause 5.4.1in[3].

For FDD, when a PUCCH format 3/4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE
by higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-
ACK PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH
transmission on the primary cell only or a PDCCH/EPDCCH indicating downlink SPS release on the primary cell only,
in which case the SR shall be transmitted as for FDD with PUCCH format 1a/1b.

For FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the UE does
not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR istransmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in[3].

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 0, for FDD and a subframe n, the
value of the counter Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the
accumulative number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH and serving
cell with PDCCH/EPDCCH indicating downlink SPS release, up to the present serving cell in increasing order of
serving cell index; the value of thetotal DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of
serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCHY(s) and serving cell with

PDCCH/EPDCCH indicating downlink SPS release. Denote VC'{LDN ¢ asthevalue of the counter DAl in DCI format
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1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell c,

according to table 7.3.1-1. Denote VT?LD A asthe value of the total DAI, according to Table 7.3.1-1. The UE shall

assume a same value of total DAI in al PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH
indicating downlink SPS release in a subframe.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the UE transmits HARQ-
ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the

O

ACK ACK ACK

NN ""’OOACK—l according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj=0

Set V. =0

emp
Set V=0
Set NCDehS to the number of cells configured by higher layers for the UE
whilec< NXis

if thereisa PDSCH on serving cell ¢ associated with PDCCH/EPDCCH or thereis a PDCCH/EPDCCH
indicating downlink SPS release on serving cell c,

. DL

if Ve pa ¢ SVienp
j=j+1

end if

V,

_V DL
temp — YC-DAlc

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

ACK . . . .
08j+2(VCRLDAI 1) HARQ-ACK hit corresponding to the first codeword of this cell

ACK . . .
08J+2(Vc'3LD o1 ™ HARQ-ACK hit corresponding to the second codeword of this cell

Vs = Vs U {8J + 2(VCD—LDAI c 1)'8J + 2(\/CD—LDAI c 1)+ 1}
elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

Ozﬁif/c% T binary AND operation of the HARQ-ACK bits corresponding to the first and second

codewords of this cell
Vs :Vs U {4J +VCD—LDAI c _l}
else

ACK
4j+V P o~

.= HARQ-ACK bit of this cell

Vs :Vs U {4J +VCD—LDAI C _l}
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end if
end if
c=c+1
end while
if VTD—LDA| <\/temp
j=j+1
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission
mode supporting two transport blocksin at least one configured serving cell,

0% =2.(4- j+V,>L )
else

0" =4. ] +VTD—LDAI
end if
0’ = NACK forany ie {01..,0" —1}\v

S

For a UE configured with higher layer parameter codebooksi zeDetermination-r13 = O, if the UE transmits HARQ-ACK

on PUSCH in a subframe, the UE shall determine the O(fCK , OlACK Jeeey OQSCKK 5 according to the above procedure as if

the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5, except that the
higher layer parameter spatialBundlingPUCCH is replaced by spatial BundlingPUSCH.

Table 7.3.1-1: Value of counter DAI and total DAI

DL
NIIDéA‘BI VC—DAI ,C Number of serving cells with PDSCH transmission associated with PDCCH/EPDCCH
' DL and serving cell with PDCCH/EPDCCH indicating DL SPS release

LSB orVi_pa

0,0 1 lor5o0r9orl13orl17 or21or25or29

0,1 2 2or6orl10or14 or18 or 22 or 26 or 30

1,0 3 3or7orllorl5o0r19or23or27or3l

1,1 4 Oor4or8or12or 16 or 20 or 24 or 28 or 32

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 1 and if the UE transmits HARQ-

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the O(fCK , OlACK Jeeey OQSCKK 5

according to the following pseudo-code:
Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj=0
St V, =@
Set NZJis tothe number of cells configured by higher layers for the UE

whilec< N2
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if thereisaPDSCH on serving cell ¢ associated with PDCCH/EPDCCH or there isa PDCCH/EPDCCH
indicating downlink SPS release on serving cell c,

if the higher layer parameter spatialBundlingPUCCH is set FALSE and if serving cell cis configured with a
transmission mode supporting two transport blocks,

OjACK = HARQ-ACK bit corresponding to the first codeword of this cell

VS :VSU{J}
j=i+1

OjACK = HARQ-ACK bit corresponding to the second codeword of this cell

VS :VSU{J}
j=i+1

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and if serving cell c is configured with
a transmission mode supporting two transport blocks,

OI-ACK = hinary AND operation of the HARQ-ACK hits corresponding to the first and second codewords
of thiscell

VS :VSU{J}
j=j+1
else

0/ = HARQ-ACK bit of this cell

V. =V, U{j}
j=j+1
end if
end if
c=c+1
end while

if the higher layer parameter spatialBundlingPUCCH is set FALSE,

O " =2.NZ2:2+ N2 where N2-2 isthe number of configured with serving cells with transmission

mode(s) supporting two transport blocks for the UE, and N OZLl’Sl is the number of configured with serving cells
with transmission mode(s) supporting two transport blocks for the UE,

else
ACK DL
O = Nceus
end if

0/ = NACK forany ie {01,..,0"* —1j\V,
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For a UE configured with higher layer parameter codebooksizeDetermination-r13 = 1, if the UE transmits HARQ-ACK

on PUSCH in a subframe, the UE shall determine the 00ACK , 01ACK yeeny ngc'f( 5 according to the above procedure as if

the UE transmits HARQ-ACK using PUCCH format 4 or PUCCCH format 5, except that the higher layer parameter
spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, UE procedure for reporting HARQ-ACK isgivenin
subclause 7.3.2.1.

For TDD, if aUE is configured with more than one serving cell and the TDD UL/DL configuration of at |east two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, UE procedure for reporting HARQ-ACK is given in subclause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

7.3.2.1 TDD HARQ-ACK reporting procedure for same UL/DL configuration

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS
release (defined in subclause 9.2) within subframe(s) n—k, where ke K and K isdefined in Table 10.1.3.1-1
intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK responsein UL
subframe n.

For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK, for specia subframe
configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell,
shown in table 4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size
determination. In this case, if the serving cell isthe primary cell, there is no PDCCH/EPDCCH indicating downlink SPS
release in the specia subframe.

For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,

the value of the Downlink Assignment Index (DAI) in DCI format 0/4, V,;J AL| , detected by the UE according to Table

7.3-X insubframe N—K', where K' isdefined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within al the

subframe(s) n—k , whereke K. The value Vg AL, includes al PDSCH transmission with and without corresponding

PDCCH/EPDCCH within all the subframe(s) h—Kk. In case neither PDSCH transmission, nor PDCCH/EPDCCH
indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI

format 0/4, VS, , if transmitted, is set to 4.

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, avalue W, is determined by the

Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe N—K', where K' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS
resource release is intended to the UE, the UE can expect that the value of W, isset to 4 by the DAI in DCI format
0/4 if transmitted.

If aUE is not configured with higher layer parameter codebooksizeDetermination-r13 = 0, for TDD UL/DL
configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number
of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS

release up to the present subframe within subframe(s) n—k of each configured serving cell, where ke K, and shall
be updated from subframe to subframe. Denote VSAH ¢ asthevalue of the DAl in PDCCH/EPDCCH with DCI format

1/1A/1B/1D/2/2A12B/2C/2D detected by the UE according to Table 7.3-X in subframen — krn inserving cell ¢, where
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km isthe smallest valueinthe set K (defined in Table 10.1.3.1-1) such that the UE detects a DCI format
1/1A/1B/1D/2/2A/2B/2C/2D. When configured with one serving cell, the subscript of ¢ in VSAL, ¢ C€an be omitted.

For all TDD UL/DL configurations, denote Uy . asthetotal number of PDCCH/EPDCCH (s) with assigned

PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS rel ease detected by the UE within the
subframe(s) n—k inserving cell c,where ke K. When configured with one serving cell, the subscript of ¢ in

Upal ¢ can beomitted. Denote N g5, which can be zero or one, as the number of PDSCH transmissions without a
corresponding PDCCH/EPDCCH within the subframe(s) n—k, where ke K .

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and asubframe n with M =1, the UE shall generate
one or two HARQ-ACK bits by performing alogical AND operation per codeword across M downlink and special

subframes associated with asingle UL subframe, of all the corresponding U 5, + Ngg individual PDSCH

transmission HARQ-ACKs and individual ACK in response to received PDCCH/EPDCCH indicating downlink SPS
release, where M isthe number of elementsintheset K defined in Table 10.1.3.1-1. The UE shall detect if at |east
one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also

determine the parameter N qeq -

- For TDD UL/DL configuration 0, N, 4e Shall be 1if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS rel ease within the
subframe n—k, where ke K. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive

PDSCH or PDCCH indicating downlink SPS release within the subframe(s) N— K, where ke K .

- For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL/DL configurations 1-6, if
Upy >0 and VoL # (U, —1)mod4+1, the UE detects that at least one downlink assignment has been
missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Vo # (Upy + Ngs —1)mod4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewordswhere N, 4o iSdetermined by the UE as

Npuaed = Vo + 2. If the UE does not detect any downlink assignment missing, N, iSdetermined by
theUE as Ny, yeq = Vou - UE shall not transmit HARQ-ACK if U, + Ngg =0and Vox = 4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Upy >0 and Vor # (U, —1)mod4+1, the UE detects that at least one downlink assignment has been
missed and the UE shall generate NACK for all codewords. The UE determines N geq = Upa + Neps)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngg =0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4 or PUCCH

ACK _ACK ACK

format 5 configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits oc 5™ 0¢ 1 e O Sack g for
"o -

the c-th serving cell configured by RRC are constructed as follows, where c>0, OCA K = BCD L if transmission mode
configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied and

OfCK = ZBCD " otherwise, where BCD " is the number of downlink and special subframes for which the UE needs to
feedback HARQ-ACK hitsfor the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, Bf =M where M isthe number of elementsin the set
K definedin Table 10.1.3.1-1 associated with subframen and theset K does not include a special subframe
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of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP,
otherwise BP- =M —1.

- For TDD UL/DL configuration 0 or for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B’ =M where M isthe number of elements

intheset K defined in Table 10.1.3.1-1 associated with subframen andtheset K does not include a specia
subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise BY" =M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K .

- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B>" =W[S,; . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K and W5, = 4.

- For TDD UL/DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shall assume BP" =W, ). +4((U Wy )/4—' , where U denotes the

maximum value of UC among all the configured serving cells, UC isthe total number of received PDSCHs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—Kk on the c-th serving cell, ke K . The
UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH

indicating downlink SPS release in subframe(s) n—k where ke K and W,;’ALl =4,

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4/5
configured for transmission of HARQ-ACK,

- for TDD UL/DL configurations 1-6, the HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is
associated with oé%ﬁ, (k)-1 If transmission mode configured in the c-th serving cell supports one transport

block or spatial HARQ-ACK bundling is applied, or associated with OQ%N (k)—2 and oé%mk)_l
otherwise, where DAI(K) isthe value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n-k, OQ%N (k-2 and OQ%N (k)-1 arethe HARQ-ACK feedback for codeword 0 and codeword 1,
respectively. For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH transmission without a

corresponding PDCCH/EPDCCH is mapped to o?g'ECK _1 The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK;

- for TDD UL/DL configuration 0, the HARQ-ACK for aPDSCH transmission or for a PDCCH/EPDCCH

ACK

indicating downlink SPSrelease in subframe n—-k isassociated with O_ " if transmission mode configured

ACK ACK

in the c-th serving cell supports one transport block or associated with O, ;" and O,; otherwise, where

Oég X and Oéf X arethe HA RQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating
downlink SPSrelease are set to NACK.

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

serving cells, the HARQ-ACK feedback bits OS\CK 01ACK yeees ogféf( _,0n PUSCH are constructed as follows.

- For TDD UL/DL configuration 0, 0™ = HARQ-ACK(j), 0< j < A-1 asdefined in subclause 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k where ke K .
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- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with WSy =1 or 2, 07 is determined asif PUCCH format 3 is

configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed for al serving cells configured with a downlink

transmission mode that supports up to two transport blocks in case WE‘,J; =2.

- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with Wy, =3 or 4, 07 =0(j), 0< j <3asdefined in Table
10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M isreplaced by WSy - The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink
SPSrelease in subframe(s) n—k where ke K and W5y = 4.

- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and asubframe n with M =Lor 2, 0 = HARQ-ACK(),
0< j £ A-1 asdefined in subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE

does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
ke K.

- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected

PDCCH/EPDCCH with DCI format 0/4 and asubframe n with M =3or 4, 0{“ =0(j), 0< j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on
PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K.

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8, 9 or 10 defined in subclause
7.1 and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both
codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword
0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

DAI VUL Y/ pL | Number of subframes with PDSCH transmission and
MSB, LSB | Vbai O" Vpa with PDCCH/EPDCCH indicating DL SPS release

0,0 1 lor5o0r9

0,1 2 2or6orl10

1,0 3 3or7

1,1 4 Oor4dor8

Table 7.3-Y: Uplink association index k' for TDD

TDD UL/DL subframe number n
Configuration |0 |1 |2 |3 |4|5|6|7|8]|9
1 6|4 6|4
2 4 4

3 41414

4 414

5 4

6 7171|5 717
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Table 7.3-Z: Value of W, determined by the DAI field in DCI format 0/4

DAI UL
MSB, LSB WDA'
0,0 1
0,1 2
1,0 3
1,1 4

For TDD HARQ-ACK multiplexing and asubframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed by alogical AND operation of al the corresponding
individual HARQ-ACKSs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK

feedback bits O*“ and the HARQ-ACK feedback bits 0°““ | n=0,...,0"™ —1 to betransmitted in
subframe n.

- If the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for
the UE, then O"* =V unless V55 =4 and U, + Ngg =0 inwhich case the UE shall not

transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH/EPDCCH or for aPDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated

with Opa1 Where DAI(K) isthe value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in
subframe n—k. For the casewith Ngg > 0, the HARQ-ACK associated with a PDSCH transmission

without a corresponding PDCCH/EPDCCH is mapped to ngc'f( 4 The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK.

- If the PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
fortheUE, O*™ =M, and 0" isassociated with the spatially bundled HARQ-ACK for downlink or

special subframe N—K; , wherek € K. The HARQ-ACK feedback bits without any detected PDSCH

transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UE
snall not transmit HARQ-ACK if Ups +Ngg =0.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 0, the value of the counter
Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of
{'serving cell, subframe} -pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present serving cell and present subframe, first
inincreasing order of serving cell index and then in increasing order of subframe index within subframe(s) n—k
where ke K ; thevalue of thetotal DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of
{'serving cell, subframe} -pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH(s) or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present subframe within subframe(s) n—k

where ke K, and shall be updated from subframe to subframe. Denote Vc[iLD A ck asthevalueof the counter DAIin
DCI format 1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for
serving cell cinsubframe n-k where ke K according to table 7.3.2.1-1. Denote VT?'bAl « asthe value of the total

DAl insubframe n—k where ke K, according to Table 7.3.2.1-1. The UE shall assume a same value of total DAI in
al PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPSreleasein a
subframe.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the UE transmits HARQ-
ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the

O(fCK , 01ACK yeeny ngc'f( 5 according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell
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Set m= 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where ke K

Setj=0

Set Vg =0
Set Vg, =0
set V=

Set NQJis tothe number of cells configured by higher layers for the UE

Set M to the number of subframes within subframe(s) n—k where ke K

whilem< M
whilec< N2

if thereisa PDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or thereisa
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m,

if V. <V,

DAl ,c,m = Vtemp
j=j+1
end if

_\/DL
Vtemp _VC—DAI ,c,m

V,

_VDL
temp2 — YT-DAI,m

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

ACK

oL = HARQ-ACK bit corresponding to the first codeword of this cell
8j +2(VC—DAI ‘c,mfl)

ACK
o)

TR ) = HARQ-ACK hit corresponding to the second codeword of this cell

VS :VS U {SJ + 2(\/CD—LDAI ,c,m _1)’8J + 2(\/CD—LDAI ,c,m _1)+ 1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

ACK
04' VoL -1
I+Veipai em

codewords of this cell

= binary AND operation of the HARQ-ACK bits corresponding to the first and second

Vs :Vs U {41 +VCD—LDAI ,c,m _l}

else

ACK
4j Vb1 o m—

= HARQ-ACK bit of this cell

Vs :Vs U {41 +VCD—LDAI ,c,m _l}

end if
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c=c+1
end while
m=m+1
end while
if V

temp2

<V,

temp
j=j+1

end if
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with atransmission
mode supporting two transport blocks in at least one configured serving cell,

O =2:(4 | +Vierp2)
else

O X =4 |4V,

0’ = NACK forany ie {01,..,0"* —1}\V,

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = 0, if the UE transmits HARQ-ACK

on PUSCH in a subframe, the UE shall determine the O(fCK

'O

ACK

1oy Ogack 4 according to the above procedure as if

the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5, except that the
higher layer parameter spatial BundlingPUCCH is replaced by spatial BundlingPUSCH.

Table 7.3.2.1-1: Value of counter DAI and total DAI

VCD}DAI - Number of {serving cell, subframe}-pair(s) in which PDSCH
MSgAtSB oL w transmission(s) associated with PDCCH/EPDCCH or PDCCH/EPDCCH
' or Ve_pa « indicating downlink SPS release is present, denoted asY and Y =1
0,0 1 mod(Y —-1,4)+1=1
01 2 mod(Y —1,4)+1=2
1,0 3 mod(Y -1,4)+1=3
11 4 mod(Y -14)+1=4

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 1 and if the UE transmits HARQ-

ACK ACK ACK

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determinethe 0, ,0, ..., 0OACK 5

according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m= 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where ke K

Setj=0

St V=0

Set NZJis tothe number of cells configured by higher layers for the UE

Set M to the number of subframes within subframe(s) n—k where ke K
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whilem< M
: DL
whilec < Ngis

if thereisaPDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or thereisa
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m,

if the higher layer parameter spatialBundlingPUCCH is set FALSE and if service cell ¢ is configured with
a transmission mode supporting two transport blocks,

ACK
(o =

J HARQ-ACK bit corresponding to the first codeword of this cell

VS = VS U {J }
j=j+1
OJ-ACK =HARQ-ACK hit corresponding to the second codeword of this cell

VS :VSU{J}
j=i+1

elseif the higher layer parameter spatial BundlingPUCCH is set TRUE and if service cell ¢ configured
with a transmission mode supporting two transport blocks,

OJ-ACK = binary AND operation of the HARQ-ACK bits corresponding to the first and second
codewords of this cell

VS :VSU{J}
j=j+1
else

ACK
(o =

[ = HARQ-ACK bit of this cell

V. =V, U{j}
i=j+1
end if
end if
c=c+1
end while
m=m+1
end while

if the higher layer parameter spatialBundlingPUCCH is set FALSE,

0" = (2- N2+ NCZ']’Sl)- M where N2 isthe number of configured with serving cells with

transmission mode(s) supporting two transport blocks for the UE, and N OZLl’Sl is the number of configured with
serving cells with transmission mode(s) supporting two transport blocks for the UE

else
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O™ = N M
end if
0/ = NACK forany ie {01,..,0"* —1j\V,

For TDD when a PUCCH format 3 or a PUCCH format 4/5 transmission of HARQ-ACK coincides with a sub-frame
configured to the UE by higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and
SR hits on HARQ-ACK PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to
one of the following cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-k_, where k_e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH isequal to '1' (defined in Table 7.3-X), or aPDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n-k_, where k e K, and for TDD UL/DL configurations

1-6 the DAI vaue in the PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where ke K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-k_, where k_e K withthe

DAI vauein the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K with the DAI valuein

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selectionin TDD.

For TDD when the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with
channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-ACK or the multiple HARQ-ACK responses (according to subclause 10.1) on its assigned HARQ-
ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit b(0),b() onits

assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1in [3]. The value of b(0),b(1) are
N(I:?alLIs -1
generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responsesincluding ACK in response
c=0
to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords
N(%Lls -1
within each PDSCH transmission for all serving cells N(%Hs. For TDD UL/DL configurations 1-6, if ZU palc >0
c=0
and VY ¢ # (Upa ¢ —1)mod4+1 for aserving cell ¢, the UE detects that at least one downlink assignment has been
missed.
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Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

’\lol:;ll_ls_:L
Number of ACK among multiple (Ngpg + ZU DAl ¢ ) HARQ-ACK responses b(0),b(1)

c=0
0 or None (UE detect at least one DL assignment is missed)

©o|lo|N|o|o|s|w Nk
= =l =]
ROk |k|lo|lk|lk|lo|lk|o

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is
configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and if
the UE receives PDSCH and/or PDCCH/EPDCCH indicating downlink SPS release only on the primary cell within

subframe(s) n—k, where ke K, aUE shall transmit the CSI and b(0),b(1) using PUCCH format 2b for normal CP
or PUCCH format 2 for extended CP, according to subclause 5.2.3.4 in [4] with aj,a; replaced by b(0),b(1). The
N -1

value of b(0),b(1) are generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responses
including ACK in response to PDCCH/EPDCCH indicating downlink SPS rele;sg by spatial HARQ-ACK bundling
across multiple codewords within each PDSCH transmission for all serving cells Nc'%hs. For TDD UL/DL

N -1
configurations 1-6, if ZU Al >0 and Vou o # (Upa c—1)mod4+1 for aserving cell ¢, the UE detects that at
least one downlink assig;n?ent has been missed.

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is
configured with PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell

within subframe(s) n—k, where ke K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause
10.1.3.

For TDD and a UE is configured with PUCCH format 3,
if the parameter simultaneousAckNackAndCQl is set TRUE and if the UE receives,

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-k_, where k_e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH isequal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n—k_, where k e K, and for TDD UL/DL configurations

1-6 the DAI valuein the PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSlI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4in [4];
elseif

- the parameter simultaneousAckNackAndCQI-Format3-r1l is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is not
larger than 22, or
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- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if any), and
the CSl is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSl using the determined PUCCH format 3 resource
according to [4];

else,
- the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

For TDD and a UE configured with PUCCH format 4 or PUCCH format 5, if the parameter
simultaneousAckNackAndCQI -Format4-Format5-r13 provided by higher layersis set TRUE, and if the UE has HARQ-
ACK/SR and periodic CSl reports to transmit in a subframe,

- if aPUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.3.2.3 or
10.1.3.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and
periodic CSI report(s);

- ifaPUCCH format 4 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.3.2.3 or a
PUCCH format 5 is determined to transmit the HARQ-ACK/SR according to 10.1.3.2.4, the UE shall used
the determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic
CSl;

- if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.3.2.3 and there isno PUCCH format 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.3.2.4 and there are more than one periodic CSI report in the subframe,

o ifthe UEisconfigured with asingle PUCCH format 4 resource n()_, according to higher layer
parameter format4-MultiCS -resourceConfiguration, the PUCCH format 4 resource n( . isused

for transmission of the HARQ-ACK/SR and periodic CSI report(s);

o if the UEis configured withaPUCCH format 5 resource n(®). ., according to higher layer
parameter format5-Multi CS -resourceConfiguration, the PUCCH format 5 resource n®)_, is used

for transmission of the HARQ-ACK/SR and periodic CSl report(s);

o if the UEis configured with two PUCCH format 4 resources N and Necr o according to

higher layer parameter format4-MultiCS -resourceConfiguration, if
(OACK +OR 40, )s min(M PUCCH4. |\ PUCCHS ) NEB . NPy the PUCCH format 4 resource with the

RB,1
smaller mpeeHt between ni) . and n@ isused for transmission of the HARQ-ACK/SR
and periodic CSI report(s); otherwise, the PUCCH format 4 resource with the larger m poccH

PUCCH,2
between p® and n® is used for transmission of the HARQ-ACK/SR periodic CSI

PUCCH 1 PUCCH,2
report(s), where

= O** isthetotal number of HARQ-ACK bitsin the subframe;
= O¥ =if there no scheduling request bit in the subframeand OX =1 otherwise

* 0,y Isthetotal number of CSI report bitsin the subframe;

= M, =12, isthe number of PRBsfor n( .~ and ni).q, , FeSPectively, according

to higher layer parameter number OfPRB-format4-r 13 according to Table 10.1.1-2;

= nPcew o (N _q)_1 if shortened PUCCH format 4 is used in the subframe and
symb symb
N;umcbcm _ 2‘(N;rl;1b _1) otherwise; and

= I isthecoderate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.
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7.3.2.2

if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.3.2.3 and there isno PUCCH format 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.3.2.4 and there are only one periodic CSl report in the subframe,

0 if the parameter simultaneousAckNackAndCQlI is set TRUE and if the UE receives,

= asingle PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH/EPDCCH in subframe n—k_, where k_e K, and the counter

DAI valuein the PDCCH/EPDCCH isequal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n—k. ., where k_ e K, and the counter DAI value in the PDCCH/EPDCCH is equal to '1',

or

= asingle PDSCH transmission only on the primary cell where there is not a corresponding
PDCCH/EPDCCH detected within subframe(s) n—k, where ke K and no
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) within
subframe(s) n—k, where ke K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to
subclause 5.2.3.4in [4];

0 €lse

the UE shall drop the CS| and transmit the HARQ-ACK according to subclause 10.1.3.2.3 or
10.1.3.2.4.

If a UE transmits HARQ-ACK/SR and periodic CSI report(s) using either aPUCCH format 4 n() .~ or
PUCCH format 5 nf)_, in asubframe

o it (0" +0%+0, )< Ng . the UE shall transmit the HARQ-ACK/SR and periodic
CSl bitsusing the PUCCH format 4 n() or the PUCCH format 5 n®

UCCH PUCCH '

o if (OACK +0F+0, )> Nge - I, the UE shall select Neg epoes CSI report(s) for
transmission together with HARQ-ACK/SR in ascending order of Prig (Y, S,C,t), where
Priq (y, S,C,t), Nz and I are determined according to subclause 7.2.2; the value of

NCSI reported

Nt reported SAISTiES [OACK +O%F + Zopcsynjs Nee I and
n=1

NCSI reported +1

(OACK +OF + ZOP_CS,‘n] > Nge -r,and Op_g, isthenumber of CSI report bits

n=1

for the nth CSI report in ascending order of Pri g (y, S,C,t).

TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in subclause 10.2 is referred to as the
"DL-reference UL/DL configuration” in the rest of this subclause.

For a configured serving cell, if aUE is not configured with higher layer parameter codebooksizeDetermination-ri3 = 0
and if the DL-reference UL/DL configuration is O, then the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D is not used.

The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k for serving cell ¢, where K e KC intended for the UE and for
which HARQ-ACK response shall be provided, transmit the HARQ-ACK responsein UL subframe n, wherein set
K. containsvalues of K€ K such that subframe n-k corresponds to adownlink subframe or a special subframe for

serving cell ¢, where DL subframe or special subframe of serving cell ¢ is according to the higher layer parameter
eimta-HARQ-ReferenceConfig-r12 if the UE is configured with the higher layer parameter EIMTA-
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MainConfigServCell-r12 for servingcell ¢; K defined in Table 10.1.3.1-1 (where "UL/DL configuration” in Table
10.1.3.1-1 refersto the DL -reference UL/DL configuration) is associated with subframen. M is the number of

elementsinset K associated with subframe n for serving cell c.

For the remainder of thissubclause K =K. .

If the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell, “UL/DL configuration
of the primary cell” in the rest of this subclause refersto “DL-reference UL/DL configuration of the primary cell”.

When PUCCH format 3/4/5 is configured for transmission of HARQ-ACK, for special subframe configurations 0 and 5
with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1
[3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this
case, if the serving cell isthe primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

If the UL-reference UL/DL configuration (defined in Sec 8.0) belongsto { 1,2,3,4,5,6} for aserving cell, avalue
W, is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 corresponding to a PUSCH on the

serving cell according to Table 7.3-Z in subframe N—K', where K' isdefined in Table 7.3-Y and the "TDD UL/DL
Configuration" in Table 7.3-Y refersto the UL-reference UL/DL configuration (defined in subclause 8.0) for the
serving cell. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release

isintended to the UE, the UE can expect that the value of W,y isset to 4 by the DAI in DCI format 0/4 if transmitted.

If aUE is not configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the DL-reference
UL/DL configuration belongsto {1,2,3,4,5,6}, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D
denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and
PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s) n—k of each

configured serving cell, where ke K, and shall be updated from subframe to subframe. Denote VIIDD/_I\] ¢ asthevalue of
the DAI in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table
7.3-X insubframen—K_, inserving cell ¢, where K isthesmallest valueintheset K such that the UE detects a
DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

For all TDD UL/DL configurations, denote Uy o asthetotal number of PDCCH/EPDCCH (s) with assigned
PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the

subframe(s) n—k inservingcell ¢, where ke K. Denote Ngg, which can be zero or one, as the number of
PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) n—k, where ke K .

If PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4/5 configured for

transmission of HARQ-ACK, the HARQ-ACK feedback bits oé‘gK oéfK of‘g'iw 1 for the c-th serving cell

configured by RRC are constructed as follows, where c>0, OcA K = BCD " if transmission mode configured in the c-th
serving cell supports one transport block or spatial HARQ-ACK bundling is applied and OcA R ZBCD " otherwise,

where BCD " isthe number of downlink and special subframes for which the UE needs to feedback HARQ-ACK bits for
the c-th serving cell.
- For the case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on adetected DCI format 0/4 or aPUSCH transmission adjusted based on an associated detected DCI format 0/4
with UL -reference UL/DL configuration O (defined in Sec 8.0), then BCDL =M. The UE shall not transmit

HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n—k , where ke K.

- If DL-reference UL/DL configuration of each of the configured serving cells belongsto {0, 1, 2, 3, 4, 6} and for
aPUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL-reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B>" = mi n(W,;'gl M. ) The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
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PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K and
WSy = 4.
If DL-reference UL/DL configuration of at least one configured serving cell belongsto {5} and for aPUSCH

transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL -
reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B2 =minW2, +Zq U-wW )/a L M, ), where U denotes the maximum value of U, among all the
configured serving cells, UC isthe total number of received PDSCHs and PDCCH/EPDCCH indicating

downlink SPSrelease in subframe(s) n—k for the c-th serving cell, ke K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS releasein

subframe(s) n—k where ke K and WSy = 4.

When PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4/5 configured for
transmission of HARQ-ACK,

if DL-reference UL/DL configuration belongsto {1,2,3,4,5,6}, the HARQ-ACK for a PDSCH transmission
with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in

subframe n—k isassociated with oé%ﬁ, (k)-1 if transmission mode configured in the c-th serving cell
supports one transport block or spatial HARQ-ACK bundling is applied, or associated with Oé%m (k)—2 and
ObShAI(k)-1 Otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

insubframe n—k, OQ%N (k)—2 and oé%N (k)-1 arethe HARQ-ACK feedback for codeword 0 and
codeword 1, respectively. For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH
transmission without a corresponding PDCCH/EPDCCH is mapped to OAS§CK 1 The HARQ-ACK feedback

C’ C
bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS
release are set to NACK;

if DL-reference UL/DL configuration is 0, the HARQ-ACK for aPDSCH transmission or for a

PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated with OCA’gK

mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied,
or associated with Oé OCK and Oé 1C “ otherwise, where Oé SK and Oé f “ arethe HARQ-ACK feedback for

codeword 0 and codeword 1, respectively. The HARQ-ACK feedback bits without any detected PDSCH
transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.

if transmission

If DL-reference UL/DL configuration of each of the serving cells belongsto {0,1,2,3,4,6} and if PUCCH format 1b
with channel selection is configured for transmission of HARQ-ACK and for two configured serving cells, the HARQ-

ACK ACK

ACK feedback bits ochK 0, " s Oack , ON PUSCH are constructed as follows

if UL-reference UL/DL configuration (defined in Sec 8.0) belongsto {1, 2, 3, 4, 6}, for aPUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wy =1 or 2, 07 is determined

asif PUCCH format 3 is configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling
across multiple codewords within a downlink or special subframeis performed for all serving cells configured

with a downlink transmission mode that supports up to two transport blocks in case WE‘,J; =2, where the UL-

reference UL/DL configuration isthe UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission.

if UL-reference UL/DL configuration (defined in Sec 8.0) belongsto {1, 2, 3, 4, 6}, for aPUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wy =3 or 4, 0/ =0(j)
0< j<3asdefinedin Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by

W[L)“,;, where the UL -reference UL/DL configuration isthe UL-reference UL/DL configuration of the serving
cell corresponding to the PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE
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does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
ke K and Wy = 4.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongsto {1, 2, 3, 4, 6}, for aPUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for asubframe n with M =1or 2(M definedin Sec 10.1.3.2.1),

0% = HARQ-ACK(j), 0< j < A1 asdefined in subclause 10.1.3.2.1, where the UL -reference UL/DL

configuration isthe UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K .

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongsto {1, 2, 3, 4, 6} and, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for asubframe n with M =3 or 4 (M defined in Sec 10.1.3.2.1),

OjACK =0(]), 0< j <3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the UL -

reference UL/DL configuration isthe UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K .

If aUE is configured with higher layer parameter codebooksi zeDeter mination-r13 = 0, the value of the counter
Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denctes the accumulative number of
{serving cell, subframe} -pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present serving cell and present subframe, first
inincreasing order of serving cell index and then in increasing order of subframe index within subframe(s) n—Kk
where ke U K, and Cisthe set of configured serving cells; the value of the total DAI in DCI format

ieC
1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of { serving cell, subframe} -pair(s) in which PDSCH
transmission(s) associated with PDCCH/EPDCCH(s) or PDCCH/EPDCCH indicating downlink SPS release is present,

up to the present subframe within subframe(s) n—k where ke U K, and Cisthe set of configured serving cells,
ieC

and shall be updated from subframe to subframe. Denote VC'{LDA, ok asthevalue of the counter DAl in DCI format

1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell cin

subframe n—k where ke UC K, according to table 7.3.2.1-1. Denote V,>- « asthevalue of the total DAL in

le
subframe n—k where ke .U K., according to Table 7.3.2.1-1. The UE shall assume a same value of total DAI in all
PDCCH/EPDCCH schedulingl;E ICDDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPSreleasein a
subframe. For aserving cell cand avalue Ke U K; but ke K, the{serving cell, subframe}-pair {c, n—k} is
excluded when determining the values of count(;CDAl and total DAI for HARQ-ACK transmission in subframen.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the UE transmits HARQ-

ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the

Oé\CK , 01ACK yeeny ngc'f( 5 according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m= 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where

ke UK,
ieC

Setj=0

Set Vigrp, =0

Set Vigr2 =0
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St V.=
Set NQJis tothe number of cells configured by higher layers for the UE

Set M to the number of subframes within subframe(s) n—k where ke U K,
ieC

whilem< M
whilec< N2

if thereisa PDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or thereisa
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m, and if subframe m

belongs to the set of subframe(s) N—K where ke K.,

. DL
if Veloa em SV,

temp
j=j+1
end if

_\/DL
Vtemp _VC—DAI .c,m

V,

_VDL
temp2 — YT-DAI,m

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

ACK

oL = HARQ-ACK bit corresponding to the first codeword of this cell
8j +2(VC—DAI ‘c,mfl)

ACK
0)

TP ) = HARQ-ACK hit corresponding to the second codeword of this cell

VS :VS U {SJ + 2(VCD—LDAI ,cm _1)’8J + 2(VCD—LDAI ,cm _1)+ 1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell,

ACK
04' VoL -1
I+Ve-pai em

= binary AND operation of the HARQ-ACK bits corresponding to the first and second

codewords of this cell
Vs = Vs U {41 +VCD—LDAI c,m _l}

else

ACK
4j Vb1 o m—

.= HARQ-ACK bit of this cell
VS ZVS U {41 +VCD—LDAI ,c,m _1}
end if
end if
c=c+1

end while

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 179 ETSI TS 136 213 V13.0.0 (2016-05)

m=m+1
end while

it Viemp2 <V,

temp
j=j+1
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission
mode supporting two transport blocks in at least one configured serving cell,

0" =2:(4 | +Vierp2)
else

0" =4.j+V,

emp2
end if

0/ = NACK forany i€ {01,..,0"* —1j\V,

S

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = 0, if the UE transmits HARQ-ACK

on PUSCH in a subframe, the UE shall determine the O(fCK , 01ACK yeeny ngc'f( 5 according to the above procedure as if

the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5, except that the
higher layer parameter spatial BundlingPUCCH is replaced by spatial BundlingPUSCH.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 1 and if the UE transmits HARQ-
ACK ACK ACK

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determinethe Oy ", 0, ..., Ogack 4
according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m= 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where

ke UK,

ieC

Setj=0

Set V=0

Set NCDehS to the number of cells configured by higher layers for the UE

Set M to the number of subframes within subframe(s) n—k where ke U K,
ieC

whilem< M
: DL
whilec < Ngis

if thereisaPDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or thereisa
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m, and if subframem

belongs to the set of subframe(s) N—k where ke K_,
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and if serving cell cis configured with
atransmission mode supporting two transport blocks,

OJ-ACK =HARQ-ACK hit corresponding to the first codeword of this cell
VS = VS U {J }

j=j+1

OJ-ACK =HARQ-ACK hit corresponding to the second codeword of this cell
VS = VS U {J }

j=j+1

elseif the higher layer parameter spatial BundlingPUCCH is set TRUE and if serving cell ¢ is configured
with atransmission mode supporting two transport blocks,

OJ-ACK = binary AND operation of the HARQ-ACK bits corresponding to the first and second
codewords of this cell

VS :VSU{J}
j=jt+1
ese

07 = HARQ-ACK bit of this cell

V. =V, U{j}
j=j+1
end if
end if
c=c+1
end while
m=m+ 1
end while

if the higher layer parameter spatialBundlingPUCCH is set FALSE,

O = z M, +2- z M. where C' isthe set of configured serving cells for the UE with transmission
ceCt ceC?
mode(s) supporting two transport blocksand C % isthe set of confi gured serving cells for the UE with
transmission mode(s) supporting one transport block

else

OACK = NcDehs Z M c
ceC

end if

0" = NACK forany ie {01,..,0* —1hV,

S
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When a PUCCH format 3/4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and for UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6}, the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where

k, e K, and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where ke K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_, where k e K withthe

DAI vauein the PDCCH/EPDCCH equal to "1’ (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K with the DAI valuein

the PDCCH/EPDCCH equal to '1,

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selectionin TDD.

If the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating

downlink SPS release only on the primary cell within subframe(s) n—k, where ke K, aUE shall transmit the CS|
and b(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to subclause
5.2.34in[4] with ag,a; replaced by b(0),b(1). Thevalueof b(0),b(1) are generated according to Table 7.3-1 from
N(I:?alLIs -1
the Ngpg + ZU pal,c HARQ-ACK responsesincluding ACK in response to PDCCH/EPDCCH indicating
c=0
downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for
NcDeiLIs -1
all serving cells N(?ehs. If DL-reference UL/DL configuration belongsto { 1,2,3,4,5,6} and, if ZU pal ¢ >0 and
c=0
VO ¢ # (Upa ¢ —1)mod4+1 for aserving cell ¢, the UE detects that at least one downlink assignment has been
missed.
If the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE, and if the UE is configured with

PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell within subframe(s)
n—k, where ke K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause 10.1.3.

When both HARQ-ACK and CSl are configured to be transmitted in the same sub-frame and if a UE is configured with
PUCCH format 3 and not configured with PUCCH format 4/5,

if the parameter simultaneousAckNackAndCQlI is set TRUE and if the UE receives
- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding

PDCCH/EPDCCH in subframe n—k_, where k e K, and for UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAI valuein the PDCCH/EPDCCH isequal to 1’ (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_,, where

k, e K, andfor UL/DL configuration of the primary cell belonging to { 1,2,3,4,5,6} the DAI valuein the
PDCCH/EPDCCH isegual to '1', or
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- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release (defined in
subclause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSl and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4in [4];
eseif

- the parameter simultaneousAckNackAndCQI-Format3-r11 is set TRUE and if PUCCH format 3 resourceis
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is not
larger than 22, or

- if the total number of bitsin the subframe corresponding to spatially bundled HARQ-ACKs, SR (if any), and
the CSl is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,
- the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

For TDD and a UE configured with PUCCH format 4 or PUCCH format 5, if the parameter
simultaneousAckNackAndCQI -Format4-Format5-r 13 provided by higher layersis set TRUE, and if the UE has HARQ-
ACK/SR and periodic CSI reportsto transmit in a subframe, the UE HARQ-ACK/SR and periodic CSI reporting
procedure follow the procedure described in subclause 7.3.2.1 with the parameter simultaneousAckNackAndCQI-
Format4-Format5-r13 provided by higher layersis set TRUE.

7.3.3 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 1

For FDD-TDD and the primary cell is frame structure type 1, with PUCCH format 1b with channel selection,
- for anegative SR transmission,

- UE shdl transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2A.

- for apositive SR transmission,

- if onetransport block or two transport blocks or a PDCCH/EPDCCH indicating downlink SPSreleaseis
detected on the primary cell in subframe |, and if subframe 1 isan uplink or aspecial subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for
the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with
the higher layer parameter EIMTA-MainConfigServCell-r12 and according to the higher layer parameter
eimta-HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-
MainConfigServCell-r12,

- UE shal transmit the HARQ-ACK and SR as for FDD with PUCCH format 1a/1b as described in
subclause 7.3.1.

- otherwise

- UE shal transmit the HARQ-ACK and SR as for FDD with PUCCH format 1b with channel selection as
described in subclause 7.3.1.

For FDD-TDD and the primary cell is frame structure type 1, when PUCCH format 3/4/5 is configured for transmission
of HARQ-ACK, for special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with
extended downlink CP in a serving cell, shown in table 4.2-1 [3], the specia subframe of the serving cell is excluded
from the HARQ-ACK codebook size determination.

For FDD-TDD and the primary cell is frame structure type 1, when a PUCCH format 3/4/5 transmission of HARQ-
ACK coincides with a sub-frame configured to the UE by higher layers for transmission of a scheduling request, the UE
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shall multiplex HARQ-ACK and SR bits on HARQ-ACK PUCCH resource as defined in subclause 5.2.3.1in [4],
unless the HARQ-ACK corresponds to a PDSCH transmission on the primary cell only or a PDCCH/EPDCCH
indicating downlink SPS release on the primary cell only, in which case the SR shall be transmitted as for FDD with
PUCCH format 1a/1b as described in subclause 7.3.1.

For FDD-TDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the
UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR istransmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 0, the FDD-TDD HARQ-ACK
reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.1 for a UE configured with higher
layer parameter codebooksizeDetermination-r13 = 0.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = 1, the FDD-TDD HARQ-ACK
reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.1 for a UE configured with higher
layer parameter codebooksizeDetermination-r13 = 1.

7.3.4 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 2

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

The FDD-TDD HARQ-ACK reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.2.2
with the following exceptions:

- for aserving cell with frame structure type 1, and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, K isdefined in Table 10.1.3A-1, otherwise K isdefinedin Table
10.1.3.1-1.

- for aserving cell with frame structure type 1 and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, if the DL-reference UL/DL configuration of the serving cell in Table
10.1.3A-1 belongsto { 2,3,4}, BCD" is determined asin subclause 7.3.2.2 for a serving cell with DL-reference
UL/DL configuration {5} .

- for aserving cell with frame structure type 1, and if PUCCH format 3 is configured for transmission of HARQ-
ACK, and for a PUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI

format 0/4, the UE shall assume the UL -reference UL/DL configuration of the serving cell belongs to
{1,2,3,4,5,6}.

- for aserving cell with frame structure type 1, and if DL-reference UL/DL configuration of each of the serving
cellsbelongsto {0,1,2,3,4,6}, and if PUCCH format 1b with channel selection is configured for transmission of
HARQ-ACK and for two configured serving cells, the UE shall assume the UL-reference UL/DL configuration
of the serving cell belongsto {1,2,3,4,6}.

- for aserving cell with frame structure type 1, avalue W, is determined by the Downlink Assignment Index
(DALI) in DCI format 0/4 corresponding to a PUSCH on the serving cell according to Table 7.3-Z in subframe
n—K', where K'=4.

- for aserving cell with frame structure type 1, when PUCCH format 3 is configured for transmission of HARQ-
ACK, if the DL-reference UL/DL configuration of the serving cell is 0, the HARQ-ACK for a PDSCH
transmission with a corresponding PDCCH/EPDCCH in subframe n—k isassociated with oégﬁ (k)-1 i
transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK
bundling is applied, or associated with OQZCSN (k)-2 and oé%N (k)-1 otherwise, where DAI(K) is the value of
DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe n—k , 0f55a k-2 and O¢Sba -1
arethe HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with Ngpg >0, the
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HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH/EPDCCH is mapped to
0f8§CK . The HARQ-ACK feedback bits withoutt any detected PDSCH transmission are set to NACK.
o] —

8 Physical uplink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms *secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

For FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling
operation, i.e. normal HARQ operation, and 3 uplink HARQ processes for subframe bundling operation when
parameter e-HARQ-Pattern-r12 is set to TRUE and 4 uplink HARQ processes for subframe bundling operation
otherwise. For FDD and transmission mode 2, there shall be 16 uplink HARQ processes per serving cell for non-
subframe bundling operation and there are two HARQ processes associated with a given subframe as described in [8].
The subframe bundling operation is configured by the parameter ttiBundling provided by higher layers.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.

8.0 UE procedure for transmitting the physical uplink shared
channel

Theterm “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with
DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information.

For FDD-TDD and normal HARQ operation and a PUSCH for serving cell ¢ with frame structure type 1, the UE shall
upon detection of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for
the UE, adjust the corresponding PUSCH transmission for serving cell ¢ in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmission
layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number of negatively acknowledged
transport blocksis equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated
with the corresponding PUSCH.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively
acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH/EPDCCH associated with the corresponding PUSCH then the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, using the precoding matrix with
codebook index 0 and the number of transmission layers equal to number of layers corresponding to the negatively
acknowledged transport block from the most recent PDCCH/EPDCCH. In this case, the UL DM RS resources are
calculated according to the cyclic shift field for DMRS[3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively
acknowledged transport block.
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If aUE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field
value from the detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell for the corresponding
PUSCH transmission.

For FDD and normal HARQ operation, if a PDCCH/EPDCCH with CSl request field set to trigger an aperiodic CS
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the
UE.

For FDD-TDD and norma HARQ operation, for a serving cell with frame structure type 1, if a PDCCH/EPDCCH
with CSl request field set to trigger an aperiodic CSI report, as described in subclause 7.2.1, is detected by a UE on
subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, when simultaneous
PUSCH and PUCCH transmission is not configured for the UE.

For TDD, if aUE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, if the
UE is configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, then for a given serving cell, the serving cell UL/DL
configuration isthe UL-reference UL/DL configuration.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at |east two serving
cells are different, if the serving cell isaprimary cell or if the UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, the serving cell UL/DL configuration isthe UL-reference UL/DL
configuration.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cellsare different and if the serving cell is a secondary cell and if the UE is configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configuration is
given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL
configuration).

For FDD-TDD and primary cell frame structure type 2, if aserving cell isaprimary cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling a
secondary serving cell with frame structure type 2, the serving cell UL/DL configuration isthe UL-reference UL/DL
configuration for the serving cell.

For FDD-TDD, and for secondary serving cell ¢ with frame structure type 2, if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the serving cell, the serving cell
UL/DL configuration isthe UL-reference UL/DL configuration for the serving cell.

For FDD-TDD, if a UE is configured with more than one serving cell with frame structure type 2, and if the serving cell
isasecondary cell with frame structure type 2 and if the UE is configured to monitor PDCCH/EPDCCH in another
serving cell with frame structure type 2 for scheduling the serving cell, then for the serving cell, the UL reference
UL/DL configurationis given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL
configuration, serving cell UL/DL configuration).

Table 8-0A: UL-reference UL/DL Configuration for serving cell based on the pair formed by (other
serving cell UL/DL configuration, serving cell UL/DL configuration)

(other serving cell UL/DL configuration,
serving cell UL/DL configuration)
(1,1,(1,2,(1,4,1,5
(2,2),(2,5)
Set 1 (3,3),(3,4),(3,5
(4,4),(4,5)
(5.5
(1,0),(2,0),(3,0),(4,0),(5,0
(2,1),(4,1),(5,2)
(5.2)
(4,3),(5,3)

Set # UL-reference UL/DL configuration

Set 2

WIN|RP (OO |R|W|IN|F-
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(5.4)
(1,6),(2.6).(3.6).(4.6).(5.6)
3.1)
(3.2),(4.2)
(1,3).(2.3)

(2.4)

(0,0),(6.0)
(0,1),(0,2),(0.4),(0,5).(6.1).(6.2),(6.5)
Set 4 (0.3),(6.3)

(6.4)
(0,6),(6.6)

Set 3

| |WIFR (O [WIN|IF (O™

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, for aradio frame of the
serving cell, PUSCH transmissions can occur only in subframes that are indicated by elMTA-UL/DL-configuration as
uplink subframe(s) for the serving cell unless specified otherwise.

For TDD and norma HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CS
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the
corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD-TDD normal HARQ operation, for aserving cell with frame structure type 2, if a PDCCH/EPDCCH with CS|
request field set to trigger an aperiodic CSI report on the serving cell, as described in subclause 7.2.1, is detected by a
UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission where k is given
by Table 8-2 and the “TDD UL/DL configuration” refers to the UL-reference UL/DL configuration for the serving cell,
when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter eeHARQ-
Pattern-r12 set to FALSE or not configured, for FDD and subframe bundling operation, the UE shall upon detection of
aPDCCH/EPDCCH with DCI format O in subframe n intended for the UE, and/or a PHICH transmission in subframe
n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to
the PDCCH/EPDCCH and PHICH information.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter eeHARQ-
Pattern-ri12 set to TRUE, for FDD and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-1
intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For both FDD and TDD serving cells, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in subclause
8.6.1, and the TBS as determined in subclause 8.6.2, shall be delivered to higher layers.

For TDD and transmission mode 1, the number of HARQ processes per serving cell shall be determined by the UL/DL
configuration (Table 4.2-2 of [3]), asindicated in Table 8-1. For TDD and transmission mode 2, the number of HARQ
processes per serving cell for non-subframe bundling operation shall be twice the number determined by the UL/DL
configuration (Table 4.2-2 of [3]) asindicated in Table 8-1 and there are two HARQ processes associated with a given
subframe as described in [8]. For TDD and both transmission mode 1 and transmission mode 2, the “TDD UL/DL
configuration” in Table 8-1 refers to the UL -reference UL/DL configuration for the serving cell if UL-reference UL/DL
configuration is defined for the serving cell and refersto the serving cell UL/DL configuration otherwise.

Table 8-1: Number of synchronous UL HARQ processes for TDD

. . Number of HARQ processes Number of HARQ processes
IV2ID WP @omiEE o for normal HARE?onperation for subframe bun(ﬁir‘?g operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3
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For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell, and if aUE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same,

- For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2, according to the
PDCCH/EPDCCH and PHICH information.

- For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k if the MSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH isreceived in subframe n=0 or 5 in the resource
corresponding to |y oy =0, asdefined in subclause 9.1.2, with k givenin Table 8-2. If, for TDD UL/DL

configuration 0 and normal HARQ operation, the LSB of the UL index inthe DCI format 0/4issetto 1in
subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to | py ey =1, as defined
in subclause 9.1.2, or PHICH isreceived in subframe n=1 or 6, the UE shall adjust the corresponding PUSCH
transmission in subframe n+7. If, for TDD UL/DL configuration O, both the MSB and LSB of the UL index in
the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cellsis not the same or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one
serving cell, or FDD-TDD,

- For aserving cell with an UL-reference UL/DL configurations belonging to { 1,2,3,4,5,6} and normal HARQ
operation, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH
transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k
for the serving cell, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information,
where the"TDD UL/DL Configuration" given in Table 8-2 refersto the UL-reference UL/DL configuration.

- For aserving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon
detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended
for the UE, adjust the corresponding PUSCH transmission in subframe n+k for the serving cell if the MSB of the
UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH isreceived in subframe n=0 or
5in the resource corresponding to |y oy =0, asdefined in subclause 9.1.2, with k given in Table 8-2. If, for a
serving cell with UL-reference UL/DL configuration O and normal HARQ operation, the LSB of the UL index in
the DCI format 0/4 is set to 1 in subframe n or aPHICH isreceived in subframe n=0 or 5 in the resource
corresponding to | pycy =1, asdefined in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE
shall adjust the corresponding PUSCH transmission in subframe n+7 for the serving cell. If, for a serving cell
with UL-reference UL/DL configuration O, both the MSB and LSB of the UL index in the PDCCH/EPDCCH
with uplink DCI format are set in subframe n, the UE shall adjust the corresponding PUSCH transmission in
both subframes n+ k and n+7 for the serving cell, with k given in Table 8-2, where the TDD UL/DL
Configuration" given in Table 8-2 refersto the UL-reference UL/DL configuration.

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the
UE in subframe n-1 with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in
subframe n+k, with k givenin Table 8-2, according to the PDCCH/EPDCCH and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH
with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-I
with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the
MSB of the UL index in the DCI format Oissetto 1 or if |py oy =0, asdefined in subclause 9.1.2, with k given in
Table 8-2, according to the PDCCH/EPDCCH and PHICH information. If, for TDD UL/DL configuration 0 and
subframe bundling operation, the LSB of the UL index in the PDCCH/EPDCCH with DCI format Oissetto 1in
subframenor if 1y =1, asdefined in subclause 9.1.2, the UE shall adjust the corresponding first PUSCH

transmission in the bundle in subframe n+7, according to the PDCCH/EPDCCH and PHICH information.
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Table 8-2 k for TDD configurations 0-6

TDD UL/DL subframe number n

Configuration [0 | 1|2 |3|4|5|6|7|8]|9
0 416 416
1 6 4 6 4
2 4 4
3 4 4 | 4
4 4| 4
5 4
6 717 717 5

Table 8-2a | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration |0 |12 |3|4|5|6|7|8]|9
0 916 916
1 2 3 2 3
6 5|5 6|6 8

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via
PDCCH/EPDCCH according to one of two uplink transmission modes, denoted mode 1 - 2.

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode
the PDCCH according to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling
initialization of this PUSCH corresponding to these PDCCHs and the PUSCH retransmission for the same transport
block isby C-RNTI.

If aUE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-3A and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these EPDCCHSs and the PUSCH retransmission for the same
transport block isby C-RNTI.

Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission
mode by higher layer signalling.

When a UE configured in transmission mode 2 receives a DCI Format O uplink scheduling grant, it shall assume that the
PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission scheme of PUSCH
corresponding to PDCCH

Transmission
mode

Mode 1 DCI format O

DCI format Search Space

Common and
UE specific by C-RNTI
Common and
Mode2 | PC!Tormatl | e shecific by C-RNTI
DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)

Single-antenna port, port 10 (see subclause 8.0.1)

Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-3A: EPDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to EPDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCl format 0 | UE spec?ﬁc by C-RNTI | Single-antenna pprt, porfc 10 _(see subclause 8.0.1)
DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)
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If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI and isalso
configured to receive random access procedures initiated by "PDCCH orders’, the UE shall decode the PDCCH
according to the combination defined in Table 8-4.

If aUE is configured by higher layersto decode EPDCCHs with the CRC scrambled by the C-RNTI and is aso
configured to receive random access procedures initiated by "PDCCH orders’, the UE shall decode the EPDCCH
according to the combination defined in Table 8-4A.

Table 8-4: PDCCH configured as "PDCCH order” to initiate random access procedure

DCI format Search Space
DCI format 1A | Common and
UE specific by C-RNTI

Table 8-4A: EPDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A UE specific by C-RNTI

If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

If aUE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-5A and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these EPDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding EPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH

Mode 1 DCI format O

Common and

UE specific by C-RNTI
Common and

UE specific by C-RNTI

Single-antenna port, port 10 (see subclause 8.0.1)

Mode 2 DCI format O Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-5A: EPDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission s.cheme of PUSCH
mode corresponding to PDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCI format O | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)

If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

If aTemporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access
Response Grant in subclause 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in subclause 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.
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Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format

Search Space

DCI format 0

Common

If aUE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall

receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format

Search Space

DCI format 3/3A

Common

If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the TPC-PUSCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall

receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format

Search Space

DCI format 3/3A

Common

8.0.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is

performed according to subclause 5.3.2A.1 of [3].

8.0.2 Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in subclause 5.3.2A.2 of [3].
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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.
If the resource alocation type bit is not present in the uplink DCI format, only resource all ocation type O is supported.

If the resource allocation type hit is present in the uplink DCI format, the selected resource allocation type for a decoded
PDCCH/EPDCCH isindicated by aresource allocation type bit where type O isindicated by 0 value and type 1 is
indicated otherwise. The UE shall interpret the resource allocation field depending on the resource alocation type bit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type 0

The resource allocation information for uplink resource allocation type 0 indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nygg . A resource alocation field in the scheduling

grant consists of aresource indication value (RIV) corresponding to a starting resource block ( RBgragr ) @nd alengthin
terms of contiguously allocated resource blocks ( Lcggs = 1). The resource indication value is defined by

if (LCRBS—l)sLN,%/zJ then
RIV = Ngé (Lcres =1 + RBsragrt
ese
RIV = Nll?Jé (Ngé' —Leres +D) + (Ngé' —1- RBgrprT)

8.1.2 Uplink resource allocation type 1

The resource alocation information for uplink resource alocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P asgiven in table

UL
7.1.6.1-1 assuming NS5 asthe system bandwidth. A combinatorial index r consists of {Iogzm-N RB 2P+1T]ﬂ bits.

The bits from the resource alocation field in the scheduling grant represent r unless the number of bitsin the resource
alocation field in the scheduling grant is

- smaller than required to fully represent r, in which case the bitsin the resource alocation field in the scheduling
grant occupy the LSBs of r and the val ue of the remaining bits of r shall be assumed to be O; or

- larger than required to fully represent r, in which case r occupies the L SBs of the resource alocation field in the
scheduling grant.

The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, syand s;—1, and

i—0 —I

M-1 N_
resource block set 2, s,and s3—1 respectively, wherer is given by equation r = Z< M Si > defined in subclause
7.2.1withM=4and N = ’-N,% / P-‘ +1. subclause 7.2.1 also defines ordering properties and range of valuesthat s

(RBG indices) map to. Only asingle RBG is allocated for a set at the starting RBG index if the corresponding ending
RBG index equals the starting RBG index.
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8.2 UE sounding procedure

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, ‘ secondary cells,
‘serving cell’, and ‘serving cells' in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’ and ‘serving cells' in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. Theterm ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types.
- trigger type O: higher layer signalling
- trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C/2D for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

- Number of combs K. asdefined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1, if configured

- Transmission comb kTC , asdefined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of
trigger type 1

- Starting physical resource block assignment N , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and
each configuration of trigger type 1

duration: single or indefinite (until disabled), as defined in [11] for trigger type O

- srs-Configindex I szs for SRS periodicity Ty and SRS subframe offset T . , as defined in Table 8.2-1 and

Table 8.2-2 for trigger type 0 and SRS periodicity Tgq, and SRS subframe offset Toﬁsayl, asdefined in Table
8.2-4 and Table 8.2-5 trigger type 1

- SRSbandwidth By, as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
typel

- Freguency hopping bandwidth, bhop , asdefined in subclause 5.5.3.2 of [3] for trigger type O

- Cyclic shift n;';s, as defined in subclause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type
1

- Number of antennaports N, for trigger type 0 and each configuration of trigger type 1

For trigger type 1 and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher
layer signaling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set givenin Table 8.1-1.
For trigger type 1 and DCI format O, asingle set of SRS parameters, srs-ConfigApDCI-Format0, is configured by
higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C/2D, a single common set of SRS parameters, srs-
ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4] for DCI
formats 0/1A/2B/2C/2D, with atype 1 SRS triggered if the value of the SRS request field isset to '1".

A 1-bit SRS request field shall be included in DCI formats 0/1A for frame structure type 1 and 0/1A/2B/2C/2D for

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 193 ETSI TS 136 213 V13.0.0 (2016-05)

frame structure type 2 if the UE is configured with SRS parameters for DCI formats 0/1A/2B/2C/2D by higher-layer
signaling.

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

\Value of SRS request field Description
'00' No type 1 SRS trigger
‘01 The 1% SRS parameter set configured by higher layers
'10' The 2™ SRS parameter set configured by higher layers
11 The 3™ SRS parameter set configured by higher layers

The serving cell specific SRS transmission bandwidths CSRS are configured by higher layers. The allowable values are
given in subclause 5.5.3.2 of [3].

The serving cell specific SRS transmission sub-frames are configured by higher layers. The alowable values are given
in subclause 5.5.3.3 of [3].

For a TDD serving cell, SRS transmissions can occur in UpPTS and uplink subframes of the UL/DL configuration
indicated by the higher layer parameter subframeAssignment for the serving cell.

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit
antenna selection, the index a(ng), of the UE antenna that transmits the SRS at time Nexs i given by

a(nSRS)= Ngks mod2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,

bhop 2 BSRS)’
A(Nee) = (Neps +| Ners/ 2|+ B+ Ngs/ K ))mod2 whenK iseven e 1 whereK mod4=0
77 nggg Mod2 whenK isodd 710 otherwise

when frequency hopping isenabled (i.e., b, < Bgs)

hop

BS?S
where values Bsgs, bhop, Nb, @nd N are given in subclause 5.5.3.2 of [3], and K = H N, (where N%p =1
b'=bygp
regardless of the N, value), except when asingle SRS transmission is configured for the UE. If a UE is configured
with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRSon N, antenna ports of aserving cell where N, may be configured by
higher layer signalling. For PUSCH transmission mode 1 N, €{0,1,2,4} and for PUSCH transmission mode 2
Npe{012 withtwo antenna ports configured for PUSCH and N, {014} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all
the configured transmit antenna ports within one SC-FDMA symbol of the same subframe of the serving cell.

The SRS transmission bandwidth and starting physical resource block assignment are the same for al the configured
antenna ports of a given serving cell. The UE does not support avalue of K- setto‘4’, if the UE is configured for

SRS transmission on 4 antenna ports of a serving cell.

A UE not configured with multiple TAGs shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions
happen to overlap in the same symbol.

For TDD serving cell, and UE not configured with additional SC-FDMA symbols in UpPTS, when one SC-FDMA
symbol exists in UpPTS of the given serving cell, it can be used for SRS transmission, when two SC-FDMA symbols
exist in UpPTS of the given serving cell, both can be used for SRS transmission and for trigger type 0 SRS both can be
assigned to the same UE. For TDD serving cell, and if the UE is configured with two or four additional SC-FDMA
symbolsin UpPTS of the given serving cell, all can be used for SRS transmission and for trigger type 0 SRS at most
one can be assigned to the same UE.
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If a UE is not configured with multiple TAGs, or if aUE is configured with multiple TAGs and SRS and PUCCH
format 2/2a/2b happen to coincide in the same subframe in the same serving cell,

- The UE shal not transmit type O triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b
transmissions happen to coincide in the same subframe;

- The UE shal not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or
format 2 with HARQ-ACK transmissions happen to coincide in the same subframe;

- The UE shal not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH
format 2 without HARQ-ACK transmissions happen to coincide in the same subframe.

If aUE is not configured with multiple TAGs, or if aUE is configured with multiple TAGs and SRS and PUCCH
happen to coincide in the same subframe in the same serving cell,

- The UE shal not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK
and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS
SmultaneousTransmission is FALSE;

- For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol whenever SRS
transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as
defined in subclauses 5.4.1, 5.4.2A, 5.4.2B, and 5.4.2C of [3] happen to overlap in the same symbol if the
parameter ackNackSRS-SmultaneousTransmission is TRUE.

- Unless otherwise prohibited, the UE shall transmit SRS whenever SRS transmission and PUCCH transmission
carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3]
happen to coincide in the same subframe if the parameter ackNackSRS-SmultaneousTransmission is TRUE.

A UE not configured with multiple TAGs shall not transmit SRS whenever SRS transmission on any serving cells and
PUCCH transmission carrying HARQ-ACK and/or positive SR using normal PUCCH format as defined in subclauses
5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe.

In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SmultaneousTransmission provided by higher layers determines if a UE is configured to
support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the
transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the
primary cell UE shall transmit HARQ-ACK and SR using the shortened PUCCH format as defined in subclauses 5.4.1,
5.4.2A, 5.4.2B, and 5.4.2C of [3], where the HARQ-ACK or the SR symbol corresponding to the SRS location is
punctured.

This shortened PUCCH format shall be used in a cell specific SRS subframe of the primary cell even if the UE does not
transmit SRS in that subframe. The cell specific SRS subframes are defined in subclause 5.5.3.3 of [3]. Otherwise, the
UE shall use the normal PUCCH format 1/1a/1b as defined in subclause 5.4.1 of [3] or normal PUCCH format 3 as
defined in subclause 5.4.2A or normal PUCCH format 4 as defined in subclause 5.4.2B or normal PUCCH format 5 as
defined in subclause 5.4.2C of [3] for the transmission of HARQ-ACK and SR.

Trigger type 0 SRS configuration of a UE in a serving cell for SRS periodicity, Tg . and SRS subframe offset, T o , iS

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity T, of the SRS

transmission is serving cell specific and is selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.
For the SRS periodicity Ty of 2msin TDD serving cell, two SRS resources are configured in a half frame containing

UL subframe(s) of the given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD serving cell with T, >2 and for FDD
serving cell are the subframes satisfying  (10- N, + Kegg — Ty ) MOd T = 0, Where for FDD kg, ={01,...,9} isthe
subframe index within the frame, for TDD serving cell, if the UE is configured with two or four additional SC-FDMA
symbolsin UpPTS, Kgs isdefined in Table 8.2-6; otherwise Ky isdefined in Table 8.2-3. The SRS transmission
instances for TDD serving cell with Ty, =2 are the subframes satisfying (kgzg — Toe ) MOd5=0.

For TDD serving cell, and a UE configured for type O triggered SRS transmission in serving cell ¢, and the UE
configured with the parameter EIMTA-MainConfigServCell-r12 for serving cell ¢, if the UE does not detect an UL/DL
configuration indication for radio frame m (as described in section 13.1), the UE shall not transmit trigger type 0 SRSin
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a subframe of radio frame mthat isindicated by the parameter eimta-HARQ-ReferenceConfig-r12 as a downlink
subframe unless the UE transmits PUSCH in the same subframe.

Trigger type 1 SRS configuration of a UE in aserving cell for SRS periodicity, Teg;, and SRS subframe offset, Toﬁsall,

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD serving cell, respectively. The periodicity Tg, of the

SRS transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes.
For the SRS periodicity Tgg, 0f 2msin TDD serving cell, two SRS resources are configured in ahalf frame

containing UL subframe(s) of the given serving cell.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH on serving cell c.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding to serving cell c.

A UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS request in
subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k k>4 and

(10-n¢ +Kkgrs — Toftset 1) Mod Tegg 1 =0 for TDD serving cell c with Tgpsy > 2 and for FDD serving cell ¢,
(ksrs — Toffset 1) Mod5 = 0 for TDD serving cell c with Tgpg; =2

where for FDD serving cell ¢ ks = {04,...,9} isthe subframe index within the frame n, , for TDD serving cell c, if
the UE is configured with two or four additional SC-FDMA symbolsin UpPTS, Ky isdefined in Table 8.2-6;
otherwise Kgsg isdefined in Table 8.2-3,

A UE configured for type 1 triggered SRS transmission is not expected to receive type 1 SRS triggering events

associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

For TDD serving cell ¢, and a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell ¢, the UE shall
not transmit SRS in a subframe of aradio frame that isindicated by the corresponding elM TA-UL/DL-configuration as
adownlink subframe.

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or aretransmission of the same transport block as part of the contention based random access procedure coincide
in the same subframe.

Table 8.2-1: UE Specific SRS Periodicity Tgs and Subframe Offset Configuration T e
for trigger type 0, FDD

SRS Configuration Index Isgs | SRS Periodicity Tgs (Ms) | SRS Subframe Offset Toffset
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs—7
17 — 36 20 lsrs — 17
37-76 40 Isrs — 37
77— 156 80 Isrs — 77
157 — 316 160 Isrs — 157
317 - 636 320 Isrs — 317
637 — 1023 reserved reserved
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Table 8.2-2: UE Specific SRS Periodicity Tgg and Subframe Offset Configuration Ty

for trigger type O, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs Tsrs (MS) Toffeet
0 2 0,1
1 2 0,2
2 2 1,2
3 2 0,3
4 2 1,3
5 2 0,4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25— 44 20 Isrs — 25
45 -84 40 Isrs — 45
85 —164 80 Isrs — 85
165 —324 160 Isrs — 165
325 - 644 320 Isrs — 325
645 — 1023 reserved reserved
Table 8.2-3: Kgg for TDD
subframe index n
0 1 2|13|4|5 6
1st symbol 2nd symbol 1st symbol 2nd symbol
of UpPTS of UpPTS of UpPTS of UpPTS
Kers in case UpPTS 0 1 2134 5 6
length of 2 symbols
Kers in case UpPTS 1 21314 6 718lo9
length of 1 symbol

Table 8.2-4: UE Specific SRS Periodicity

Tws: @nd Subframe Offset Configuration Toﬁset’l

for trigger type 1, FDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs Ters1 (Ms) Toffset,l
0-1 2 Isrs
2—-6 5 Isrs — 2
7-16 10 Isrs — 7
17 - 31 reserved reserved

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 197 ETSI TS 136 213 V13.0.0 (2016-05)

Table 8.2-5: UE Specific SRS Periodicity Tgg, and Subframe Offset Configuration T,
for trigger type 1, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset

Isrs Tersa (Ms) Tofteet 1

0 reserved reserved

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25-31 reserved reserved

Table 8.2-6: kSRS for TDD and UE configured with two or four additional SC-FDMA symbols in UpPTS

subframe index n
0 1 2|13(4]5 6 7189
1st 2nd 3rd 4th 1st 2nd 3rd 4th
symbo | symbo | symbo | symbo symbo | symbo | symbo | symbo
| of | of | of | of | of | of | of | of
UpPTS | UpPTS | UpPTS | UpPTS UpPTS | UpPTS | UpPTS | UpPTS
Ksrs in
case
UpPTS
,eﬂgth 0 1 2 3 5 6 7 8
of 4
symbol
s
Ksgs in
case
UpPTS 2 3 7 8
length
of 1
symbol
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8.3 UE HARQ-ACK procedure

For FDD, and serving cell with frame structure type 1, an HARQ-ACK received on the PHICH assigned to aUE in
subframei is associated with the PUSCH transmission in subframei-4.

For FDD-TDD, and serving cell with frame structure type 1, and UE not configured to monitor PDCCH/EPDCCH in
another serving cell with frame structure type 2 for scheduling the serving cell, an HARQ-ACK received on the PHICH
assigned to a UE in subframei is associated with the PUSCH transmission in subframei-4.

For FDD-TDD, if aserving cell isasecondary cell with frame structure type 1 and if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 2 for scheduling the serving cell, then an HARQ-
ACK received on the PHICH assigned to a UE in subframei is associated with PUSCH transmission on the serving cell
in subframe i-6.

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-ri2 for any serving cell and, if aUE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same,

- For frame structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to a UE
in subframei is associated with the PUSCH transmission in the subframei-k asindicated by the following Table
8.3-1.

- For frame structure type 2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource
corresponding to | py ey =0, asdefined in subclause 9.1.2, assigned to a UE in subframe i is associated with
the PUSCH transmission in the subframe i-k asindicated by the following Table 8.3-1. For frame structure type
2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to | ppycny =1,
asdefined in subclause 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the
subframe i-6.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with EIMTA-MainConfigServCell-ri2 for at least
one serving cell, or FDD-TDD and serving cell is frame structure type 2,

- For serving cell with an UL-reference UL/DL configuration (defined in subclause 8.0) belonging to
{1,2,3,4,5,6}, an HARQ-ACK received on the PHICH assigned to a UE in subframei is associated with the
PUSCH transmission in the subframei-k for the serving cell asindicated by the following Table 8.3-1, where
"TDD UL/DL Configuration" in Table 8.3-1 refers to the UL-reference UL/DL Configuration.

- For aserving cell with UL-reference UL/DL configuration O (defined in subclause 8.0), an HARQ-ACK
received on the PHICH in the resource corresponding to | py oy =0, asdefined in subclause 9.1.2, assigned to a
UE in subframei is associated with the PUSCH transmission in the subframe i-k for the serving cell asindicated
by the following Table 8.3-1, where "TDD UL/DL Configuration” in Table 8.3-1 refers to the UL -reference
UL/DL configuration. For a serving cell with UL-reference UL/DL configuration 0, an HARQ-ACK received on
the PHICH in the resource corresponding to |y =1, asdefined in subclause 9.1.2, assigned to aUE in

subframei is associated with the PUSCH transmission in the subframe i-6 for the serving cell.

- For FDD-TDD, if aserving cell is a secondary cell with UL-reference UL/DL configuration O and if the UE is
configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the
serving cell, for downlink subframei, if atransport block was transmitted in the associated PUSCH subframe i-6
for the serving cell then PHICH resource corresponding to that transport block is not present in subframei.
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Table 8.3-1 k for TDD configurations 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3 |4|5|6|7|8]|9
0 714 714
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 7|4 6

The physical layer in the UE shall deliver indications to the higher layers as follows:

For FDD, and for TDD with a UE configured with one serving cell, and for TDD with a UE configured with more than
one serving cell and with TDD UL/DL configuration of all configured serving cells the same, and UE is not configured
with EIMTA-MainConfigServCell-r12 for any serving cell, for downlink or special subframei, if atransport block was
transmitted in the associated PUSCH subframe then:

if ACK isdecoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or specia subframei, ACK for that transport block shall be
delivered to the higher layers; else NACK for that transport block shall be delivered to the higher layers.

For TDD, if the UE is configured with more than one serving cell, and if at least two serving cells have different UL/DL
configurations, or the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-
TDD, for downlink or special subframei, if atransport block was transmitted in the associated PUSCH subframe then:

if ACK isdecoded on the PHICH corresponding to that transport block in subframei, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or specia subframei, ACK for that transport block shall be
delivered to the higher layers; or

if a PHICH resource corresponding to that transport block is not present in subframei or if UE is not expected to
receive PHICH corresponding to that transport block in subframe i, ACK for that transport block shall be
delivered to the higher layers.

else NACK for that transport block shall be delivered to the higher layers.
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8.4 UE PUSCH hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit Frequency Hopping (FH) field in a corresponding
PDCCH/EPDCCH with DCI format O is set to 1 and the uplink resource block assignment is type 0 otherwise no
PUSCH frequency hopping is performed.

A UE performing PUSCH frequency hopping shall determine its PUSCH Resource Allocation (RA) for the first dot of
a subframe (S1) including the lowest index PRB ( nFS,%{B (n)) in subframe n from the resource alocation field in the latest

PDCCH/EPDCCH with DCI format O for the same transport block. If thereis no PDCCH/EPDCCH for the same
transport block, the UE shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when
theinitial PUSCH for the same transport block is semi-persistently scheduled or

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

The resource alocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

NY — NFO - (Ngg mod 2) Type 1PUSCH hopping
Nig<" ={Nps Type 2N =1 PUSCH hopping
NY — NHO Type 2 Ny >1PUSCH hopping
For type 1 and type 2 PUSCH hopping, NS = NS +1 if NEO isan odd number where NAS definedin[3].
NHO = NSO in other cases. The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits
shall be y = (Iog2 (Nps (Ngs +1)/ 2)—‘ — NyL o » Where Nu_nop = 1 or 2 bits. The number of contiguous RBs
that can be assigned to a type-1 hopping user islimited to |_2y / Ngg J The number of contiguous RBs that can be

assigned to atype-2 hopping user is limited to mi n \_2y / NFL{JH,\_N;‘BJSCH / Nsbj ), where the number of sub-bands
Ny, isgiven by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in subclause 8.4.1 and type 2 is described in subclause
8.4.2.

Table 8.4-1: Number of Hopping Bits Ny nop VS. System Bandwidth

System BW | #Hopping bits for 2nd slot RA
Nng- (NUL_hop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is "inter-subframe”
or "intraand inter-subframe”.
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8.4.1 Type 1 PUSCH hopping

For PUSCH hopping type 1 the hopping bit or bitsindicated in Table 8.4-1 determine Npgg (i) as defined in Table 8.4-2.
The lowest index PRB (n3kg (i) ) of the 1% slot RA in subframei is defined as n3kg (i) = Asss (i) + NSO / 2, where

Nomg (i) = RBgrarr » and  RBgragr iS Obtained from the uplink scheduling grant asin subclause 8.4 and subclause 8.1.

The lowest index PRB (Npgg (i) ) of the 2™ slot RA in subframei is defined as Npgg (i) = fprg (1) + NG9 /2.

The set of physical resource blocks to be used for PUSCH transmission are Lgg, contiguously allocated resource

blocks from PRB index nisB (i) forthe 1% dlot, and from PRB index npgg(i) for the 2" dot, respectively, where
Lcras IS Obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

If the Hopping-mode is "inter-subframe”, the 1% slot RA is applied to even CURRENT_TX_NB, and the 2™ dlot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB isdefined in [8].

8.4.2  Type 2 PUSCH hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmissionin slot ng is given by the

scheduling grant together with a predefined pattern according to [3] subclause 5.3.4.
If the system frame number is not acquired by the UE yet, the UE shall not transmit PUSCH with type-2 hopping and
Ng, >1 for TDD, where Ng, isdefinedin[3].

Table 8.4-2: PDCCH/EPDCCH DCI format 0 hopping bit definition

System BW [ Nymber of | Information in —
UL ; . : . Nprg (1)
Ngs Hopping bits hopping bits
- as 1 o | (= 2] + ) Jmoanig=.
1 Type 2 PUSCH Hopping
00 O_N FoscH /4j + A5 (i)) mod N g >
50 110 ) 01 (— LN e /4J + Nog (i)j mod N 5 =H
10 ON Fg /ZJ + Nomg (i)) mod Ny
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol (RS) procedure

If UL sequence-group hopping or sequence hopping is configured in a serving cell, it appliesto all Reference Symbols
(SRS, PUSCH and PUCCH RS). If disabling of the sequence-group hopping and sequence hopping is configured for the
UE in the serving cell through the higher-layer parameter Disable-sequence-group-hopping, the sequence-group
hopping and sequence hopping for PUSCH RS are disabled.
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8.6 Modulation order, redundancy version and transport block
size determination

To determine the modul ation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

- read the "modulation and coding scheme and redundancy version” field (1,,.5), and

check the "CSl request” bit field, and

compute the total number of allocated PRBS ( N -, ) based on the procedure defined in subclause 8.1, and

compute the number of coded symbols for control information.
8.6.1 Modulation order and redundancy version determination
For0< s < 28, the modulation order (Q,,) is determined as follows:

- If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layersto transmit
only QPSK and 16QAM, the modulation order isgiven by Q,,in Table 8.6.1-1.

- If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q,,isfirst read from Table 8.6.1-1. The modulation order issetto Q,, = min(4,Q,,) -

- If the parameter ttiBundling provided by higher layersis set to TRUE, then the modulation order is set to

Q,, =2 . Resource alocation sizeisrestricted to Nz <3 appliesin this case if the UE does not indicate
support by higher layersto operate without it.

For29<1,,cs <31 the modulation order (Q,,) is determined as follows:

- if DCl format Oisusedand 1,,. =29 or,if DCI format 4isused and only 1 TB isenabled and 1,, . = 29 for
the enabled TB and the signalled number of transmission layersis 1, and if

- the"CSl request” bit field is 1 bit and the bit is set to trigger an aperiodic report and, Npgg <4 or,

- the"CSl request” bit field is 2 bits and istriggering an aperiodic CSI report for one serving cell according to
Table7.2.1-1A, and, Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSl process according to
Table7.2.1-1Band Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSl process
according to Table 7.2.1-1B and Npgg <20 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSI process or { CSl
process, CSl subframe set} -pair according to Table 7.2.1-1Cand Npgg <4 or,

- the"CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for more than one CSI process
and/or { CSI process, CSl subframe set} -pair according to Table 7.2.1-1C and Npgg <20, or

- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for one CS| process according to
Table7.2.1-1D or Table 7.2.1-1E and Npgg < 4, or
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- the"CSl request” bit field is 3 bits and is triggering an aperiodic CSl report for more than one CSI process
according to Table 7.2.1-1D or Table 7.2.1-1E and Npgp < X,

then the modulation order issetto Q,, =2.

- Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 for the same transport block using 0< | < 28. If thereis no PDCCH/EPDCCH with

MCS —
DCI format 0/4 for the same transport block using 0< | < 28, the modulation order shall be determined from

MCS —

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

The UE shall usel ,,s and Table 8.6.1-1 to determine the redundancy version (rviq) to usein the physical uplink shared
channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index | Modulation Order | TBS Index Redundancy Version
I McCS Qm I TBS M'Vidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3

8.6.2  Transport block size determination

ForO< | <28, the UE shall first determine the TBSindex ( | ;g5 ) using I, and Table 8.6.1-1 except if the

transport block is disabled in DCI format 4 as specified below. For atransport block that is not mapped to two-layer
spatial multiplexing, the TBSis determined by the procedure in subclause 7.1.7.2.1. For atransport block that is
mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.17.2.2.
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For29<1,,.s <31,

if DCI format Oisused and 1,5 =29 or, if DCI format 4 isused and only 1 TB isenabled and 1,5 =29
for the enabled TB and the number of transmission layersis 1, and if

the "CSl request” bit field is 1 bit and is set to trigger an aperiodic CSl report and Npgg <4 or,

the "CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one serving cell according to
Table7.2.1-1A,and, Npgg <4 or,

the "CSl request” bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20 or,

the "CSl request” hit field is 2 bits and istriggering an aperiodic CSI report for one CSI process according to
Table7.2.1-1Band Npgg <4 or,

the "CSl request” hit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and, Npgg <20 or,

the "CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for one CSI process or { CSl
process, CSl subframe set} -pair according to Table 7.2.1-1Cand Npgg <4 or,

the "CSl request” bit field is 2 bits and is triggering an aperiodic CSl report for more than one CSI process
and/or { CSI process, CSl subframe set} -pair according to Table 7.2.1-1C and Npgg <20, or

the "CSl request” bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to
Table7.2.1-1D or Table 7.2.1-1Eand Npgg <4, or

the "CSl request” bit field is 3 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1D or Table 7.2.1-1E and Npgp < X,

then thereis no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

Otherwise, the transport block size shall be determined from the initiadl PDCCH/EPDCCH for the same transport

block using 0< |
transport block using 0< |

28. If thereisno initial PDCCH/EPDCCH with an uplink DCI format for the same
28, the transport block size shall be determined from

MCs <

MCS <

the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

In DCI format 4 atransport block is disabled if either the combination of I,.s=0 and Npgg >1 or the combination

of Ipes=28 and Npgg =1 issignaled, otherwise the transport block is enabl ed.
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8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission.
Single codeword PUSCH transmission offsets B> ", B . and [, shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes | ;’;RQ*ACK if the UE transmits no more than

22 HARQ-ACK bitsonaPUSCH, |5 ., and 152, respectively. Single codeword PUSCH transmission offset

BARQAK ghall be configured to values according to [Table 8.6.3-1] with the higher layer signalled index

I ;;R?; A% if the UE transmits more than 22 HARQ-ACK bits on a PUSCH. Muiltiple codeword PUSCH transmission

offsets Srmee " BR . and S, shall be configured to values according to Table 8.6.3-1,2,3 with the higher

layer signalled indexes Io':fg?,\;éCK if the UE transmits no more than 22 HARQ-ACK bits on aPUSCH, | OF;}H,MC and
I ocﬁQs'etyMc , respectively. Multiple codeword PUSCH transmission offset ﬂon/;ngACK shall be configured to values

according to [Table 8.6.3-1] with the higher layer signalled index | (;'f’;g?,\;éﬁf if the UE transmits more than 22
HARQ-ACK bits on a PUSCH.
If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢, andif a

subframe belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-
r12, then for that subframe, the UE shall use

. . HARQ-ACK HARQ-ACK RI CQl . HARQ-ACK
- thehigher layer indexes | oqsr  + Dot aox » loftsatsetz @0 | oiser sz iNPlaceof | e ,
| e S s and | 52, respectively in Tables 8.6.3-1,2,3, to determine [Sia> . Botee and

,Bé;&t respectively for single codeword PUSCH transmissions, and

. . HARQ-ACK HARQ-ACK RI CQl .
- the higher layer indexes | i o sz + oifsamc iz, x + lotstmc sz @ ot e st N place of
HA| ACK HARQ-ACK RI CQl . . .
Ioﬁsgfﬂc , Ioﬁsg?m,x + otsame @nd Iofget’Mc respectively in Tables 8.6.3-1,2,3, to determine

[rere-ack - BR . and B respectively for multiple codeword PUSCH transmissions.
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Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

Lo o otmme | Bt
0 2.000
1 2.500
2 3.125
3 4.000
4 5.000
5 6.250
6 8.000
7 10.000
8 12.625
9 15.875
10 20.000
11 31.000
12 50.000
13 80.000
14 126.000
15 1.0
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Table 8.6.3-2: Mapping of RI offset values and the index signalled by higher layers

I oRflfset or | oRflfset,Mc ﬁo'?:set
0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
10 12.625
11 15.875
12 20.000
13 reserved
14 reserved
15 reserved
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Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

Lt OF otec | Boe
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE transmit antenna selection
UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSel ection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e be configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e be configured with trigger type 1 SRS transmission on any configured serving cell, or
e be configured with simultaneous PUCCH and PUSCH transmission, or

¢  be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], subclause 5.5.2.1.1), or

e receive DCI Format O indicating uplink resource allocation type 1 for any serving cell, or
e be configured with a SCG.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port O.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
for PUSCH in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4].

If aUE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is
indicated in each PDCCH/EPDCCH with DCI format O in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna for PUSCH/SRS to be
selected by the UE is not specified.

9 Physical downlink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame

structure type 1 for the LAA Scell unless stated otherwise.

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH assignment procedure

The control region of each serving cell consists of a set of CCEs, numbered from0to Nccg —1 according to
subclause 6.8.1in [3], where Nccg  isthetotal number of CCEsin the control region of subframe K.

The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the PDCCHSs in the set
according to all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space SEL) at
aggregation level Le {1,2,4,8} isdefined by aset of PDCCH candidates. For each serving cell on which PDCCH is

monitored, the CCEs corresponding to PDCCH candidate m of the search space 35") are given by
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L { (Y +m)mod | Nege /L | J+i

whereY, isdefined below, i=0,---,L—1. For the common search space m =m. For the PDCCH UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field
then m'=m+ML). ncy where ng, isthe carrier indicator field value, else if the monitoring UE is not configured

with carrier indicator field then nf=m, where m=0,---,M® -1. M) isthe number of PDCCH candidates to
monitor in the given search space.

If aUE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field val ue corresponds
to cif-InSchedulingCell-r13, otherwise, the carrier indicator field value is the same as ServCelllndex givenin [11].

The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels 4 and 8
on the primary cell.

A UE shall monitor common search space on a cell to decode the PDCCHs necessary to receive MBMS on that cell
when configured by higher layers.

If aUE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated
serving cell in every non-DRX subframe.

If aUE is not configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the
UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more
activated serving cells as configured by higher layer signalling in every non-DRX subframe.

If aUE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not
configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the
aggregation levels 1, 2, 4, 8 on that serving cell in al non-DRX subframes where EPDCCH is not monitored on that
serving cell.

If aUE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is
configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at
each of the aggregation levels 1, 2, 4, 8 on that serving cell as configured by higher layer signalling in all non-DRX
subframes where EPDCCH is not monitored on that serving cell.

The common and PDCCH UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the PDCCH UE specific search
space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the PDCCH UE specific
search space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a
carrier indicator field it shall monitor the PDCCH UE specific search space for PDCCH with carrier indicator field.

If the UE is not configured with aLAA Scell, the UE is not expected to monitor the PDCCH of a secondary cell if itis
configured to monitor PDCCH with carrier indicator field corresponding to that secondary cell in another serving cell.

If the UE is configured with a LAA Scell, the UE is not expected to monitor the PDCCH UE specific space of the LAA
SCell if it is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in another
serving cell.

For the serving cell on which PDCCH is monitored, the UE shall monitor PDCCH candidates at |east for the same
serving cell.
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A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common
payload size and with the same first CCE index n-cg (asdescribed in subclause 10.1) but with different sets of DCI

information fields as defined in [4] in the
common search space
PDCCH UE specific search space
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

if the UE is configured with the carrier indicator field associated with monitoring the PDCCH on the primary cell,
only the PDCCH in the common search space is transmitted by the primary cell;

otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with agiven DCI format size with CIF, and
CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any PDCCH UE specific search space corresponding to any of the possible values of CIF for the given
DCI format size.

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘ 07’

- The UE monitors PDCCH UE-specific search space candidates on the Scell in both the first and second slots of a
subframe, and the aggregation levels defining the search spaces are listed in Table 9.1.1-1A,;

otherwise,
- The aggregation levels defining the search spaces are listed in Table 9.1.1-1.

The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as
defined in subclause 7.1.

If aUE is configured with higher layer parameter skipMonitoringDCI-formatO-1A for a serving cell, the UE is not
required to monitor the PDCCH with DCI Format 0/1A in the UE specific search space for that serving cell.

If aUE is configured with higher layer parameter pdcch-candidateReductions for a UE specific search space at
aggregation level L for a serving cell, the corresponding number of PDCCH candidatesis given by

M = round(ax M %ﬁ ) wherethevalueof @ isdetermined according to Table9.1.1-2and M gbn) is

determined according to Table 9.1.1-1 by replacing M Mwith MG

Table 9.1.1-1: PDCCH candidates monitored by a UE

Search space 35") Number of PDCCH

Type Aggregation level L | Size[in CCEs] | candidates M®
6
12
8
16
16
16

UE-specific

QOO IN|F
NI ININIO|IO

Common
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Table 9.1.1-1A: PDCCH candidates monitored by a UE on LAA Scell

Search space SIEL) Number of PDCCH Number of PDCCH

- — candidates M ") candidates M
Type Aggregation level L | Size [in CCEs] in first slot in second slot
1 6
. 2 12
UE-specific Z )
8 16

Table 9.1.1-2: Scaling factor for PDCCH candidates reduction

pdcch-candidateReductions | Value of &
0 0
1 0.33
2 0.66
3 1

For the common search spaces, Y, is set to O for the two aggregation levels L=4 and L=8.

For the UE-specific search space SE") at aggregation level L, the variable Y, is defined by

where Y ; =ngyy 20, A=39827, D=65537 and K = I_nS/ZJ , N, isthe dot number within aradio frame.

The RNTI value used for Ny, isdefined in subclause 7.1 in downlink and subclause 8 in uplink.

9.1.2 PHICH assignment procedure

If aUE is not configured with multiple TAGs, or if aUE is configured with multiple TAGs and PUSCH transmissions
scheduled from serving cell cin subframe n are not scheduled by a Random Access Response Grant corresponding to a
random access preambl e transmission for a secondary cell

For PUSCH transmissions scheduled from serving cell cin subframe n, the UE shall determine the
corresponding PHICH resource of serving cell ¢ insubframe n+Kpy ey » Where

- Kpuicn isaways4for FDD.

- Kppicy 156 for FDD-TDD and serving cell ¢ frame structure type 2 and the PUSCH transmission is for
another serving cell with frame structure type 1.

- Kpuicy iS4 for FDD-TDD and serving cell ¢ frame structure type land the PUSCH transmissionis for a
serving cell with frame structure type 1.

- Kpycy isgivenintable 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 1 and the PUSCH
transmission is for another serving cell with frame structure type 2.

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsisthe same, for PUSCH transmissions scheduled from serving
cell cinsubframe n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in subframe

N+Kpnicy » Where Kooy isgivenintable9.1.2-1.

For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cellsis not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for
at least one serving cell , or for FDD-TDD and serving cell ¢ frame structure type 2, for PUSCH transmissions
scheduled from serving cell ¢ in subframe n, the UE shall determine the corresponding PHICH resource of
serving cell ¢ insubframe n+Kppy oy » Where Kpy e isgivenintable 9.1.2-1, where the "TDD UL/DL
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Configuration” in the rest of this subclause refersto the UL -reference UL/DL configuration (defined in
subclause 8.0) of the serving cell corresponding to the PUSCH transmission.

If aUE is configured with multiple TAGs, for PUSCH transmissions on subframe n for a secondary cell ¢ scheduled
by a Random Access Response grant corresponding to a random access preambl e transmission for the secondary cell ¢,

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cellsis not the same, or if the UE is configured with EIMTA-MainConfigServCell-ri2 for
at least one serving cell, or for FDD-TDD and serving cell ¢ frame structure type 2, the"TDD UL/DL
Configuration” in the rest of this subclause refersto the UL -reference UL/DL configuration (defined in
subclause 8.0) of secondary cell c.

- If the UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ inanother serving cell, the UE shall determine the corresponding PHICH resource on the secondary cell
c insubframe n+Kpy ey , Where

Kppicy isaways 4 for FDD and where Kpyy oy isgivenintable 9.1.2-1 for TDD.

Kppicy iS4 for FDD-TDD and secondary cell C frame structure type 1.

Kpuicy 1S givenintable 9.1.2-1 for FDD-TDD and secondary cell C frame structure type 2

- If the UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell
¢ inanother serving cell cl, the UE configured with multiple TAGs shall determine the corresponding PHICH
resource on the serving cell ¢l in subframe n+kpy oy - Where

Kppicy isaways 4 for FDD and where Kpyy oy isgivenintable 9.1.2-1 for TDD.

Kppicn is4 for FDD-TDD and primary cell frame structure type 1 and frame structure type 1 for secondary

cell ¢ andservingcell cl

Kpnicy isgivenintable 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 2

Kpricy 186 for FDD-TDD and serving cell ¢ frame structure type 1 and serving cell ¢l frame structure

type 2
For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle.

Table 9.1.2-1: Kpycy for TDD

TDD UL/DL subframe index n
Configuration |0 |1 |2 |3 |4|5|6|7]|8]|9
0 41716 4171|6
1 416 416
2 6 6
3 6|6|6
4 6|6
5 6
6 4166 417

The PHICH resourceis identified by the index pair (ng5&, . npricry ) Where n33 &, isthe PHICH group number and
Nprgicy 1S the orthogonal sequence index within the group as defined by:
oy oyl rou|
nericH = (1 PrE_RA T NDMRs) Mod NSicH + pricr NBHIGH
PHICH
NBHICH = (\_' pre_ra/ NPHICH J+ Npmrs) Mod 2N g

where
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*  Npurs iS mapped from the cyclic shift for DM RS field (according to Table 9.1.2-2) in the most recent

PDCCH/EPDCCH with uplink DCI format [4] for the transport block(s) associated with the
corresponding PUSCH transmission. npyrg shall be set to zero, if there isno PDCCH/EPDCCH with

uplink DCI format for the same transport block, and
¢ if theinitidd PUSCH for the same transport block is semi-persistently scheduled, or

e if theinitial PUSCH for the same transport block is scheduled by the random access response
grant .

PHICH
N

3.

is the spreading factor size used for PHICH modulation as described in subclause 6.9.1 in

for thefirst TB of a PUSCH with associated PDCCH/EPDCCH or for thecase of
no associated PDCCH/EPDCCH when the number of negatively acknowledged
| IR RN TBsisnot equal to thenumber of TBsindicatedin the most recent
PRB_RA ™ PDCCH/EPDCCH associated with the corresponding PUSCH

I ™™ +1  for asecond TB of a PUSCH with associated PDCCH/EPDCCH

where 1[99 _Inde s the |owest PRB index in the first slot of the corresponding PUSCH

transmission

«  N3L&, isthenumber of PHICH groups configured by higher layers as described in subclause 6.9 of

(31,

| _ |1 for TDD UL/DL configuration Owith PUSCH transmission in subframen =4 or 9
PRI 710 otherwise

Table 9.1.2-2: Mapping between npyrs and the cyclic shift for DMRS field
in PDCCH/EPDCCH with uplink DCI format in [4]

Cyclic Shift for DMRS Field in PDCCH/EPDCCH n
with uplink DCI format in [4] DIIRE
000 0
001
010
011
100
101
110
111

~Njo|olh|wIN|F

9.1.3 Control Format Indicator (CFl) assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1in[3]. The duration signalled puts a lower

limit on the size of the control region determined from the control format indicator (CFI). When N FE{"B‘ >10, if
extended PHICH duration isindicated by higher layers then the UE shall assume that CFl is equal to PHICH duration.

In subframesindicated by higher layers to decode PMCH, when N% >10, aUE may assumethat CFl is equal to the
value of the higher layer parameter non-MBSFNregionLength [11].

9.1.4 EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH
monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in
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subclause 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from0to Ngeee |, —lwhere

NECCE’p’k is the number of ECCEsin EPDCCH-PRB-set P of subframe k. Each EPDCCH-PRB-set can be
configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the EPDCCHSs in the set
according to the monitored DCI formats.

The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by
higher layers.

The UE shall not monitor EPDCCH

- For TDD and normal downlink CP, in specia subframes for the special subframe configurations 0 and 5 shown
in Table 4.2-1 of [3].

- For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7
shown in Table 4.2-1 of [3].

- Insubframesindicated by higher layers to decode PMCH.

- For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell,
in adownlink subframe on the secondary cell when the same subframe on the primary cell is a special subframe
and the UE is not capable of simultaneous reception and transmission on the primary and secondary cells.

An EPDCCH UE-specific search space ES(" at aggregation level L e { 1,2,4,816,32 } is defined by a set of
EPDCCH candidates.

For an EPDCCH-PRB-set P, the ECCEs corresponding to EPDCCH candidate m of the search space ESEL) are
given by

m-N
L (Yp,k{%‘?E”Jm)modmmmkuj +i

MWL
Mp

where

Yp,k is defined below,

b=n,, if the UE s configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
otherwise b=0

Ng isthe carrier indicator field value,
m=O,L...M,§L) -1,

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, M é” is

the number of EPDCCH candidates to monitor at aggregation level L in EPDCCH-PRB-set P for the serving cell on

which EPDCCH is monitored, as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-43,
9.4.4-4b, 9.1.4-5a, 9.1.4-5b below; otherwise, M LL) isthe number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set P for the serving cell indicated by ng .

If aUE is configured with higher layer parameter pdcch-candidateReductions for a specific search space at aggregation
level Lin EPDCCH-PRB-set P for aserving cell, the corresponding number of EPDCCH candidatesis given by
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M E)L) = round(ax M ﬁf?u.' ) wherethevalueof @ isdetermined according to Table 9.1.1-2and M Lf?u” is

determined according to Tables 9.1.4-1ato 9.1.4-5b by replacing M LL) with M Eﬂun .

If aUE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field val ue corresponds
to cif-InSchedulingCell-r13, otherwise the carrier indicator field value is the same as ServCelllndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is
mapped to a PRB pair that overlapsin frequency with atransmission of either PBCH or primary or secondary
synchronization signals in the same subframe.

If aUE is configured with two EPDCCH-PRB-sets with the same n,EDF:PCCH value (where n,EDF:PCCH isdefined in

subclause 6.10.3A.1in [3)]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to
one of the EPDCCH-PRB-sets and mapped only to a given set of RES (as described in subclause 6.8A.5in [3]), and if
the UE is aso configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the
other EPDCCH-PRB-set and which is mapped only to the same set of REs, and if the number of the first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in
subclause 10.1.2 and subclause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set

p=0.
Thevariable You is defined by

Y,i = (A, Yy JmodD

where Y, , =nNgp, #0, A, =39827, A =39829, D=65537 and k=| n,/2], n, istheslot number withina

radio frame. The RNTI value used for Ny, isdefined in subclause 7.1 in downlink and subclause 8 in uplink. The

DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in
subclause 7.1.

If a UE is configured with higher layer parameter disableDCIFormatO_1A for a serving cell, the UE is not required to
monitor the EPDCCH with DCI Format 0/1A in the UE specific search space for that serving cell.

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates * 07’

- the UE monitors EPDCCH UE-specific search space candidates on the Scell assuming they start in both the first
dot and the second dlot of a subframe.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidatesis given as follows

- For aUE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels
defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table
9.1.4-1b.

- For aUE configured with only one EPDCCH-PRB-set for localized transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.

- For aUE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

- For aUE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the
search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

- For aUE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for
localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH
candidates are listed in Table 9.1.4-5a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
NRDé = NRDé of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field

for the serving cell on which EPDCCH is monitored, Klgé = NF?E'; of the serving cell indicated by ng .
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For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-33, 9.1.4-3b, 9.1.4-43, 9.4.4-4b, 9.1.4-53, 9.1.4-5b
- Caselapplies
- for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and
Nas =25 ,or

- for specia subframes with special subframe configuration 3,4,8 and normal downlink CP when DCI formats
2/2A/2B/2C/2D are monitored and N2 > 25 , or

- for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4/5 are
monitored, and when Ngppeey <104 (Ngppeey defined in subclause 6.8A.11in [3]), or

- for special subframes with specia subframe configuration 3, 4, 8 and normal downlink CP when DCI formats
1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are monitored, and when Ngppecy <104 ( Neppecy defined in subclause

6.8A.1in[3]);
- Case2applies

- for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are
monitored or,

- for specia subframes with specia subframe configuration 1,2,6,7,9 and normal downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are monitored , or

- for special subframes with specia subframe configuration 1,2,3,5,6 and extended downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5 are monitored;

- otherwise
- Case3isapplied.

N F):E;’ is the number of PRB-pairs constituting EPDCCH-PRB-set .

Table 9.1.4-1a: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
NI;(BD M éL) for Case 1 M éL) for Case 2
L=2 | L=4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
2 4 2 1 0 0 4 2 1 0 0
4 8 4 2 1 0 8 4 2 1 0
8 6 4 3 2 1 6 4 3 2 1

Table 9.1.4-1b: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X (L)
N RE;: M b for Case 3
L=1 | L=2 | L=4 | L=8 | L=16
2 8 4 2 1 0
4 4 5 4 2 1
8 4 4 4 2 2

Table 9.1.4-2a: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set - Casel, Case 2)

X
p
NRB

Number of EPDCCH candidates
M E)L) for Case 1

Number of EPDCCH candidates
M E)L) for Case 2

=2 [L=4 [L=8 |[L=16

L=1  [L=2 [L=4 [L=8
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2 4 2 1 0 4 2 1 0
4 8 4 2 1 8 4 2 1
8 6 6 2 2 6 6 2 2
Table 9.1.4-2b: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set — Case 3)
Number of EPDCCH candidates
NI;(BD MéL) for Case 3
L=1 L=2 L=4 L=8
2 8 4 2 1
4 6 6 2 2
8 6 6 2 2
Table 9.1.4-3a: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets - Casel, Case 2)
Number of EPDCCH candidates | Number of EPDCCH candidates
N2 | NS M .M f)Lz)] for Case 1 [m .M E)Lz)] for Case 2
L=2 [L=4[1=8[1L=16[1=32 | L=1[L=2[L=4]1=8]L=16
2 2 44 1 22|11 | 00 00 | 44 122 |11 | 00 0,0
4 4 331383 |11 ] 11 0,0 33 |33 |11 |11 0,0
8 8 33 (122 |11 1,1 1,1 3,3 2,2 1,1 1,1 1,1
4 2 53 32|11 ] 10 0,0 53 [ 32 | 11| 1,0 0,0
8 2 42 | 42 | 11 1,0 1,0 4,2 4,2 1,1 1,0 1,0
8 4 3312221 ] 11 1,0 33 122 |21 |11 1,0
Table 9.1.4-3b: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets — Case 3)
Number of EPDCCH candidates
X X (CREVIC)
NRgl NRgz [M o M ] for Case 3
L=1 | L=2 | L=4 | L=8 | L=16
2 2 22 | 33|22 |11 0,0
4 4 2,2 2,2 2,2 1,1 1,1
8 8 2,2 2,2 2,2 1,1 1,1
4 2 3,1 3,2 3,1 1,1 1,0
8 2 3,1 4,1 3,1 1,1 1,0
8 4 22 | 22 |22 |11 1,1
Table 9.1.4-4a: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets - Casel, Case 2)
Number of EPDCCH candidates | Number of EPDCCH candidates
Négl Négz [m M) Jfor case 1 [m M E)Lz)] for Case 2
L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 2 4,4 2,2 1,1 0,0 4,4 2,2 1,1 0,0
4 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
8 8 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
4 2 4,3 4,2 1,1 1,0 4,3 4,2 1,1 1,0
8 2 5,2 4,2 1,1 1,0 5,2 4,2 1,1 1,0
8 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
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Table 9.1.4-4b: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N2 | N2 [m M E)Lz)] for Case 3
L=1 L=2 L=4 L=8
3,3 3,3 1,1 1,1
3,3 3,3 1,1 1,1
3,3 3,3 1,1 1,1
4,2 4,2 1,1 1,1
4,2 4,2 1,1 1,1
3,3 3,3 1,1 1,1

||~ || |N
AIN|IN|CO|™N

Table 9.1.4-5a;: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates Number of EPDCCH candidates
N,;(gl Négz [M M f)LZ)] for Case 1 [M M f)LZ)] for Case 2
L=2 L=4 L=8 L=16 L=32 L=1 L=2 L=4 L=8 L=16
2 2 4.4 2,2 1,1 0,0 0,0 4.4 2,2 1,1 0,0 0,0
4 4 4,2 4,3 0,2 0,1 0,0 4,2 4,3 0,2 0,1 0,0
8 8 4,1 4,2 0,2 0,2 0,1 4.1 4,2 0,2 0,2 0,1
2 4 4,3 2,4 0,2 0,1 0,0 4.3 2,4 0,2 0,1 0,0
2 8 4,1 2,2 0,4 0,2 0,1 4,1 2,2 0,4 0,2 0,1
4 2 5,2 4,2 1,1 1,0 0,0 5,2 4,2 1,1 1,0 0,0
4 8 4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
8 2 5,1 4,2 2,1 1,0 0,0 5,1 4,2 2,1 1,0 0,0
8 4 6,1 4,2 0,2 0,1 0,0 6,1 4,2 0,2 0,1 0,0
NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Casel, Case 2;
P, is the identity of the localized EPDCCH-PRB-set,
P, is the identity of the distributed EPDCCH-PRB-set

Table 9.1.4-5b: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates
X X| L L
Nag: N g2 [M LY f)z)] for Case 3
L=1 L=2 L=4 L=8 L=16
2 2 4,1 4,2 2,2 0,1 0,0
4 4 4,1 4,1 2,2 0,1 0,1
8 8 4,1 4,1 2,2 0,1 0,1
2 4 4,1 4,1 2,2 0,1 0,1
2 8 4,1 4,1 2,2 0,1 0,1
4 2 4,1 4,1 2,2 1,1 0,0
4 8 4,1 4,1 2,2 0,1 0,1
8 2 4,1 4,1 4,1 0,1 0,0
8 4 4,1 4,1 2,2 0,1 0,1
NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set - Case 3);
P, is the identity of the localized EPDCCH-PRB-set,
P, is the identity of the distributed EPDCCH-PRB-set)

If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE-specific search
space at each of the aggregation levels given by Tables 9.1.4-1ato 9.1.4-5b on each activated serving cell for whichiitis
configured to monitor EPDCCH.
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If aUE is configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE
shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-
lato 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell ¢ shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific
search space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the EPDCCH UE specific
search space of the primary cell.

For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the EPDCCH UE specific search space for EPDCCH without carrier indicator field, if the UE is configured
with a carrier indicator field it shall monitor the EPDCCH UE specific search space for EPDCCH with carrier indicator
field.

A UE is not expected to monitor the EPDCCH of a secondary cdll if it is configured to monitor EPDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell.  For the serving cell on which EPDCCH is
monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell.

A UE configured to monitor EPDCCH candidatesin a given serving cell with a given DCI format size with CIF, and
CRC scrambled by C- RNTI, where the EPDCCH candidates may have one or more possible values of CIF for the
given DCI format size, shall assume that an EPDCCH candidate with the given DCI format size may be transmitted in
the given serving cell in any EPDCCH UE specific search space corresponding to any of the possible values of CIF for
the given DCI format size.

For the serving cell on which EPDCCH is monitored, a UE is not required to monitor the EPDCCH in a subframe
which is configured by higher layersto be part of a positioning reference signal occasion if the positioning reference
signal occasion isonly configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal
cyclic prefix.

A UE may assume the same C,;; value (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 107,108
while monitoring an EPDCCH candidate associated with either antenna port 107 or antenna port 108.
A UE may assumethe same C,;; Vvalue (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 109,110
while monitoring an EPDCCH candidate associated with either antenna port 109 or antenna port 110.

9.14.1 EPDCCH starting position

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9,

- if the UE is configured with a higher layer parameter epdcch-StartSymbol-r11,
o the starting OFDM symbol for EPDCCH given by index | zppcchsar 1S determined from the higher

layer parameter,
- otherwise
o thestarting OFDM symbol for EPDCCH given by index | cppccpgar 1S diven by the CFI valuein the
subframe of the given serving cell when NRg >10, and | cppccpgar S Given by the CFI value+l in

the subframe of the given serving cell when NS5 <10

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, for each EPDCCH-PRB-s&t, the starting OFDM symbol for monitoring EPDCCH
in subframe k isdetermined from the higher layer parameter pdsch-Start-r11 (defined in subclause 9.1.4.3) asfollows
- if thevalue of the parameter pdsch-Start-r11 belongsto {1,2,3,4},
o] is given by the higher layer parameter pdsch-Start-r1l

)
| EPDCCHStat

— otherwise
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0 is given by the CFI valuein subframe k of the given serving cell when NS5 >10, and

1
| EPDCCHStart

' copccnsas 1S 0iven by the CFI value+1 in subframe Kk of the given serving cell when Ngg <10

- if subframe k isindicated by the higher layer parameter mbsfn-SubframeConfigList-r11 (defined in subclause
9.1.4.3), or if subframe Kk issubframe 1 or 6 for frame structure type 2,

— i '
0 IEPDCCHSan - mln(Z, I EPDCCHSar t ) !

— otherwise

0 =1 EPDCCHStart *

I EPDCCHStart

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates * 07’

— for monitoring EPDCCH candidates starting in the first slot of the subframe, the starting OFDM symbol for
EPDCCH given by index | cppocpgat 1N the first slot in asubframe;

—  for monitoring EPDCCH candidates starting in the second slot of the subframe, the starting OFDM symbol for
EPDCCH given by index | cppoopgat i the second dlot in a subframe;

otherwise

- the starting OFDM symbol for EPDCCH given by index | gppccpgar i thefirst slot in a subframe.

9.1.4.2 Antenna ports quasi co-location for EPDCCH

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in[3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-s¢t,

- if the UE is configured by higher layersto decode PDSCH according to quasi co-location Type-A as described in
subclause 7.1.10

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in
[3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B as described in
subclause 7.1.10

- the UE may assume antenna ports 15 — 22 corresponding to the higher layer parameter qcl-CS-RS-
ConfigNZPId-r11 (defined in subclause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as defined
in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

9.14.3 Resource mapping parameters for EPDCCH

For agiven serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-s&t, the
UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-Configld-r11 for determining
the EPDCCH RE mapping (defined in subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The
following parameters for determining EPDCCH RE mapping (as described in subclause 6.8A.5 of [3]) and EPDCCH
antenna port quasi co-location are included in the parameter set:

- crs-PortsCount-r11.
- crsFregShift-ril.
- mbsfn-SubframeConfigList-r11.
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- cs-RSConfigzPld-r11.
- pdsch-Sart-r11.
- qcl-CY-RS-ConfigNZPId-r11.

- csi-RSConfigzPld2-r12 if the UE is configured with CSI subframe sets Cq, and Cg, by the higher layer

parameter csi-SubframePatternConfig-ri2 for the serving cell or the UE is configured with higher layer
parameter CSl-Reporting-Type for TDD serving cell.

9.14.4 PRB-pair indication for EPDCCH

For agiven serving cell, for each EPDCCH-PRB-pair set P, the UE is configured with a higher layer parameter

resour ceBlockAssignment-r11 indicating a combinatorial index I corresponding to the PRB index {K }i'i%p -
DL . . N;Bp’l N DL _ K DL . .
(1<k <Ng, k <k,,)andgivenby equation  — Z RB , where Nz isthe number of PRB pairs
i=0 N:E;’ —i

associated with the downlink bandwidth, N F);B" isthe number of PRB-pairs constituting EPDCCH-PRB-set P, andis

X
X
configured by the higher layer parameter number PRBPairs-r11, and <y> = [yj X2y is the extended binomial
0 x<y

P
RB

N DL
coefficient, resulting in unique label I € {O,...,( ?(B J —1}
N
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9.2 PDCCH/EPDCCH validation for semi-persistent scheduling

A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if al the following conditions are met:

- the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- thenew dataindicator field is set to '0". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new dataindicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment EPDCCH only if al the following conditions are met:

- the CRC parity bits obtained for the EPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- thenew dataindicator field is set to '0". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new dataindicator
field refers to the one for the enabled transport block.

Validation is achieved if all the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A.

If validation is achieved, the UE shall consider the received DCI information accordingly as avalid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

and redundancy version

DCI format
DCI format O DCI format 1/1A 2/2A/2B/2C/2D
TPC command for scheduled PUSCH set to '00' N/A N/A
Cyclic shift DM RS set to '000' N/A N/A
Modulation and coding scheme MSB is set to '0' N/A N/A

FDD: set to '000'

FDD: set to '000'

HARQ process number N/A TDD: set to '0000' TDD: set to '0000"

Modulation and coding scheme N/A MSB is set to '0' For the enablgd transE)olrt block:
MSB is set to 'O

Redundancy version N/A set to '00" For the enabled transport block:

set to '00'

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH Validation

DCI format 0 DCI format 1A
TPC command for scheduled PUSCH setto'00 N/A
Cyclic shift DM RS set to ‘000 N/A
Modulation and coding scheme . .
and redundancy version setto 11111 N/A
Resource block assignment and o
hopping resource allocation Settoall'l's N/A

FDD: set to ‘000’

HARQ process number N/A TDD: set to '0000"
Modulation and coding scheme N/A setto '11111'
Redundancy version N/A set to '00'
Resource block assignment N/A Setto all '1's

For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an index to one of the four PUCCH resource values configured by higher layers, with the
mapping defined in Table 9.2-2
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Table 9.2-2: PUCCH resource value for downlink semi-persistent scheduling

Value of 'TPC command L p)
for PUCCH: NPUCCH
'00' The first PUCCH resource value configured by the higher layers
'01' The second PUCCH resource value configured by the higher layers|
'10' The third PUCCH resource value configured by the higher layers
'11' The fourth PUCCH resource value configured by the higher layers

9.3 PDCCH/EPDCCH control information procedure

A UE shall discard the PDCCH/EPDCCH if consistent control information is not detected.
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10 Physical uplink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for the primary PUCCH group, the terms ‘ secondary cell’, ‘ secondary cells’ ,
‘serving cell’, ‘serving cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms ‘ secondary cell’, ‘secondary cells’,
‘serving cell’, ‘serving cells' inthis clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary
cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

10.1  UE procedure for determining physical uplink control
channel assignment

If the UE is configured for asingle serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- onPUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- onPUSCH if the UE is transmitting PUSCH in subframe n unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, thenin
subframen UCI shall be transmitted

- onPUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting PUSCH

- onPUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSl and if the UE is transmitting PUSCH in subframe n, in which case the HARQ-
ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3 and the periodic/aperiodic
CSl transmitted on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant
or aretransmission of the same transport block as part of the contention based random access procedure, in
which case periodic/aperiodic CSl is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3/4/5 or 2/2a/2b if the UE is not transmitting PUSCH

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 226 ETSI TS 136 213 V13.0.0 (2016-05)

- on PUSCH of the serving cell givenin subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSl and
HARQ-ACK

- onprimary cell PUSCH if the UCI consists of periodic CSl and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unlessthe primary cell PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

- on PUSCH of the secondary cell with smallest SCelllndex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at |east one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

- onPUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR

on PUCCH using format 4/5 if the UCI consists only of HARQ-ACK and/or SR and/or periodic CS
- onPUCCH using format 2 if the UCI consists only of periodic CSI corresponding to one serving cell

- asdescribed in subclause 10.1.1, if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting on PUSCH

- onPUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSl and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
1a/1b/3 and the periodic CSl is transmitted on PUSCH unless the primary cell PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic CSl is not transmitted

- on PUCCH and PUSCH of the secondary cell with the smallest SCelllndex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK istransmitted on PUCCH using format 1a/1b/3 and the
periodic CSl istransmitted on PUSCH

- onPUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and aperiodic CSl in
which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSl is transmitted on PUSCH of the serving cell givenin subclause 7.2.1

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSl reports of acertain PUCCH reporting type is given in subclause 7.2.2.

A UE transmits PUCCH only on the primary cell.

A UE is configured by higher layersto transmit PUCCH on one antenna port (p = pg) or two antenna ports
(pepg, p1]) - PUCCH format 4 and PUCCH format 5 can only be transmitted on one antennaport (p= pg) -

For FDD or FDD-TDD and primary cell frame structure 1, with two configured serving cells and PUCCH format 1b
with channel selection or for FDD with two or more configured serving cells and PUCCH format 3 and without
No%LIs*l X .
PUCCH format 4/5 configured, nyapg = Z Nreceved where N2 isthe number of configured cellsand NJ[****
c=0
isthe number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe n—4 in serving
cel C.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if aUE is
configured with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations
of al serving cells are the same, then

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with
Nc[z)ehs_l
M = 1, or for TDD UL/DL configuration 0 and PUCCH format 3, nuarq = z Z Npeceved  where
c=0 keK
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N, the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

n—Kk inservingcell C,where ke K, and M is the number of elementsin K.

- For TDD UL/DL configurations 1-6 and PUCCH format 3 and without PUCCH format 4/5 configured, or for
TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2,

Nc%hs_l
i DL . DL . .
NHARQ = Z (6/5')3,&-|1C—UDA|’C)mod4).né*CK+Z:N|Lf3%e"’e‘j where Vpy, . isthe Vp, inservingcel C,
c=0 keK

ACK
C

Upa ¢ isthe Up,, inservingeel C,and n is the number of HARQ-ACK bits corresponding to the
configured DL transmission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,
Nt =1 and N isthe number of PDCCH/EPDCCH or PDSCH without a corresponding

PDCCH/EPDCCH received in subframe n—K and serving cell C, where ke K and M is the number of
elementsin K. In case spatial HARQ-ACK bundling is not applied, N,Z‘f‘;e“’ed is the number of transport blocks
received or the SPS release PDCCH/EPDCCH received in subframe Nn—K inservingcell C, where ke K
and M is the number of elementsin K. VD%] - =0if no transport block or SPS release PDCCH/EPDCCH is

detected in subframe(s) N—Kk inservingcell C,where ke K .

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4,
Muaro = 2 i UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only on one serving

cell within subframes n— Kk ,where k e K ;otherwise Nyarg = 4,

For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving
cell, or for FDD-TDD and primary cell frame structure 2, then

- For PUCCH format 3 without PUCCH format 4/5 configured, or for two configured serving cells and PUCCH
format 1b with channel selectionand M <2 (defined in subclause 10.1.3.2.1 for TDD and subclause 10.1.3A

NO%ITS_]‘ i
for FDD-TDD), nyarg= (G/D%,C —UDA|YC)m0d4)~ b+ N | where Voni o isthe Vor
c=0 keK

inservingcell C, Uy, . isthe Up,, inservingeell ¢, and N2 isthe number of HARQ-ACK bits

C
corresponding to the configured DL transmission mode on serving cell C. In case spatial HARQ-ACK
bundling isapplied, N?™ =1 and N;%*'*" isthe number of PDCCH/EPDCCH or PDSCH without a

corresponding PDCCH/EPDCCH received in subframe n—k and serving cell C, where ke K and
K =K (defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). In case spatial HARQ-ACK

bundling is not applied, Nf‘;e“’ed is the number of transport blocks received or the SPS release
PDCCH/EPDCCH received in subframe n—K inservingcell C, where ke K and K = K, (definedin
subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). VD%] - =0if no transport block or SPS release
PDCCH/EPDCCH is detected in subframe(s) n—K inservingcel C,where ke K and K = K, (definedin

subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). For aserving cell €, set Vpy, . =Up,, if the

DL-reference UL/DL configuration (defined in subclause 10.2) for serving cell € isTDD UL/DL
configuration O,

- For two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4 (defined in
subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD), Nyarg = 2 if UE receives PDSCH or

PDCCH/EPDCCH indicating downlink SPS release only on one serving cell within subframes n— Kk ,where
ke K and K =K_(defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD); otherwise

n =4.

HARQ
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Throughout the following subclauses, subframes are numbered in monotonically increasing order; if the last subframe
of aradio frameisdenoted as k , thefirst subframe of the next radio frame is denoted as k+1.

Throughout the following subclauses, if the UE is configured with higher layer parameter n1PUCCH-AN-r11 then
NS oy isgiven by nIPUCCH-AN-r11, else N, isgiven by higher layer parameter nIPUCCH-AN .

10.1.1 PUCCH format information

Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [ 3], the following combinations of UCI on PUCCH
are supported:

- Format lafor 1-bit HARQ-ACK or in case of FDD or FDD-TDD primary cell frame structure type 1 for 1-bit
HARQ-ACK with positive SR.

- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR.

- Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell.

- Format 1 for positive SR.

- Format 2 for aCSl report when not multiplexed with HARQ-ACK.

- Format 2afor a CSl report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix.
- Format 2b for a CSl report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix.
- Format 2 for aCSl report multiplexed with HARQ-ACK for extended cyclic prefix.

- Format 3 for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1 and for up to
20-bit HARQ-ACK for TDD and for up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type
2.

- Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD or FDD-
TDD and for up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD and for
up to 22-bit corresponding to 21-bit HARQ-ACK and 1-bit positive/negative SR for FDD-TDD primary cell
frame structure type 2.

- Format 3 for HARQ-ACK, 1-bit positive/negative SR (if any) and a CSI report for one serving cell.
- Format 4 for more than 22 bits of UCI including HARQ-ACK and/or SR and/or periodic CSl.
- Format 5 for more than 22 bits of UCI including HARQ-ACK and/or SR and/or periodic CSl.

For a UE configured with PUCCH format 3 without PUCCH format 4/5 configured and HARQ-ACK transmission on
PUSCH or using PUCCH format 3, or for a UE configured with two serving cells and PUCCH format 1b with channel
selection and HARQ-ACK transmission on PUSCH, or for UE configured with one serving cell and PUCCH format 1b
with channel selection according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-ACK transmission on PUSCH or for
a UE configured with PUCCH format 4/5 and HARQ-ACK transmission on PUSCH or using PUCCH format 3/4/5:

- if the configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate aNACK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- if neither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe for a serving
cell, the UE shall generate two NACK's when the configured downlink transmission mode supports up to 2
transport blocks and the UE shall generate a single NACK when the configured downlink transmission mode
supports a single transport block.

- if aUEisconfigured with PUCCH format 4/5 and if the UE is configured with a transmission mode supporting
two transport blocksin at least one serving cell, for a serving cell configured with a transmission mode
supporting one transport block, the HARQ-ACK response is assumed to be associated with the first codeword.
The UE shall generate aNACK for the second codeword if spatial bundling is not applied, and shall generate the
same HARQ-ACK respond for the second codeword as that for the first codeword if spatial bundling is applied.
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The scrambling initialization of PUCCH format 2, 2a, 2b,3, 4 and 5isby C-RNTI.

For a UE that is configured with asingle serving cell and is not configured with PUCCH format 3, in case of collision
between a periodic CSl report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSl report is
multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layersis
set TRUE, otherwise the CSl is dropped.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSl report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNackAndCQI provided by higher layersis set TRUE or if the parameter simultaneousAckNackAndCQI-
Format3-r11 provided by higher layers is set TRUE, the periodic CSl report is multiplexed with HARQ-ACK or
dropped as described in subclause 7.3, otherwise the CSl is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1 and for a UE that is configured with more than one
serving cell and without PUCCH format 4/5 configured, in case of collision between a periodic CS| report and an
HARQ-ACK in a same subframe without PUSCH,

- if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell,

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b

- €eseif the UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-Format3-
r11 provided by higher layersis set TRUE, and if PUCCH resource is determined according to subclause
10.1.2.2.2, and

- if thetotal number of bitsin the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is not
larger than 22 or

- if the total number of bitsin the subframe corresponding to spatialy bundled HARQ-ACKs, SR (if any), and
the CSl is not larger than 22

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using the determined PUCCH
format 3 resource according to [4]

- otherwise,
CSl isdropped.

For FDD or for FDD-TDD and primary cell frame structure type 1, for a UE configured with PUCCH format 4 or
PUCCH format 5, if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE, and if the UE has HARQ-ACK/SR and periodic CSI reports to transmit in a subframe,

- if aPUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or
10.1.2.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and
periodic CSI report(s);

- if aPUCCH format 4 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or a
PUCCH format 5 is determined to transmit the HARQ-ACK/SR according to 10.1.2.2.4, the UE shall used the
determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic CSl;

- if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.3 and there isno PUCCH format 5 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.4 and there are more than one periodic CSI report in the subframe,

- if the UE is configured with asingle PUCCH format 4 resource n{. ., according to higher layer parameter
format4-MultiCS -resourceConfiguration, the PUCCH format 4 resource n(_ ., isused for transmission of
the HARQ-ACK/SR and periodic CSl report(s);

- if the UE is configured with a PUCCH format 5 resource n)_ ., according to higher layer parameter format5-
MultiCSl-resourceConfiguration, the PUCCH format 5 resource n®__ . isused for transmission of the
HARQ-ACK/SR and periodic CSl report(s);
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- if the UE is configured with two PUCCH format 4 resources n® and n@___according to higher layer

PUCCH,1 PUCCH,2
parameter format4-MultiCS -resourceConfiguration, if
(OACK +0R+0, g )5 min(M PUCCHA || PUCCHA ) NEB . Ny the PUCCH format 4 resource with the smaller
M PUCCH4  hatween n(4) and n(4)

RB.1
ey i ), 1S Used for transmission of the HARQ-ACK/SR and periodic CSl
report(s); otherwise, the PUCCH format 4 resource with the larger m paccra between IS and ISy
is used for transmission of the HARQ-ACK/SR and periodic CSI report(s), where

- O** jisthetota number of HARQ-ACK bitsin the subframe;
- O=® = if there no scheduling request bit in the subframeand O =1 otherwise

- O,y Isthetotal number of CSl report bitsin the subframe;

- Mg, i =12, isthe number of PRBsfor n{) ., and n{ . ,respectively, according to higher layer

parameter number OfPRB-for mat4-r13 according to Table 10.1.1-2;
TN = . (N:ﬂ;h —1)-1 if shortened PUCCH format 4 is used in the subframe and NFHooHs 2-( w -1)
otherwise; and

- I isthecode rate given by higher layer parameter maximumPayloadCoderate-r 13 according to Table
10.1.1-2.

- if thereisno PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.3 and there is no PUCCH format 5 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.4 and there are only one periodic CSI report in the subframe,

- if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell, then the periodic CSl report is multiplexed with HARQ-ACK on PUCCH using PUCCH format
2/2al2b

- €lse, the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.2.2.3 or 10.1.2.2.4.

- If aUE transmits HARQ-ACK/SR and periodic CSI report(s) using either aPUCCH format 4 n( . or
PUCCH format 5 n®__, in asubframe

- it (0" +OR+0,.g )< Nge T, the UE shall transmit the HARQ-ACK/SR and periodic CSl bits
using the PUCCH format 4 n(__, orthe PUCCH format 5 n®)

PUCCH '

- if (OACK +0F+0,_ )> Nge - 1, the UE shall select N repories CSI report(s) for transmission
together with HARQ-ACK/SR in ascending order of Pri g (Y,S,C,t), where Prig(y,S,C,t), Nee
and I are determined according to subclause 7.2.2; the value of NCSI,reported setisfies

NCSI reported NCSI ,reported +1
O +0F+ > Opcgn|SNge l and [O*+0F+ > O, g, [>Nge T, and

n=1 n=1

Op_cq.n isthenumber of CSI report bits for the nth CSI report in ascending order of Pri g (y, S, C,t).

For FDD or for FDD-TDD and primary cell frame structure type 1, for a UE configured with PUCCH format 4 or
PUCCH format 5, if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set FALSE, and if the UE has HARQ-ACK/SR and periodic CSI reportsto transmit in a subframe, the UE behaviour
follows that.

For TDD or for FDD-TDD and primary cell frame structure type 2 and for a UE that is configured with more than one
serving cell, in case of collision between a periodic CSl report and an HARQ-ACK in a same subframe without
PUSCH, if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE or if the parameter
simultaneousAckNackAndCQI-Format3-r11 provided by higher layersis set TRUE or if the parameter
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simultaneousAckNackAndCQI -Format4-Format5-r 13 provided by higher layersis set TRUE, the periodic CSI report is
multiplexed with HARQ-ACK or dropped as described in subclause 7.3, otherwise the CSl is dropped.

For a UE not configured with PUCCH format 4/5, in case of collision between a periodic CSI report and an HARQ-
ACK in asame subframe with PUSCH, the periodic CSl is multiplexed with the HARQ-ACK in the PUSCH
transmission in that subframe if the UE is not configured by higher layers for simultaneous PUCCH and PUSCH
transmissions. Otherwise, if the UE is configured by higher layers for simultaneous PUCCH and PUSCH transmissions,
the HARQ-ACK istransmitted in the PUCCH and the periodic CSI is transmitted in the PUSCH.

If each of the serving cells configured for the UE has frame structure type 1, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.2.

If each of the serving cells configured for the UE has frame structure type 2, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.2A.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.3A.

Table 10.1.1-1: code rate I corresponding to higher layer parameter maximumPayloadCoderate-r13

Value of maximumPayloadCoderate-r13 | Code rate I

N[OOI |WIN|F|O

Table 10.1.1-2: Number of PRBs for PUCCCH format 4 M7c* corresponding to higher layer
parameter numberOfPRB-format4-r13

Value of numberOfPRB-format4-r13 | M

N[OOI |WIN|FL|O

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 1b
with channel selection or PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, o, based onthe
number of configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall
use two HARQ-ACK hits for aserving cell configured with a downlink transmission mode that support up to two
transport blocks; and one HARQ-ACK bit otherwise.

A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.
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A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layersto
use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 1.

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in subclause 10.1.2.1 and
procedures for more than one configured serving cell are given in subclause 10.1.2.2.

10.1.2.1 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antennaports (pe [ pg, p;]) issupported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource nl(DlL’Jr)C)CH for transmission of HARQ-ACK
insubframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 , or for a
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 , the UE shall use

n,(,lL’E’éH =Neee + N,(,t)CCH for antennaport p,, where n.c isthe number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and Ny,
is configured by higher layers. For two antenna port transmission the PUCCH resource for antennaport p, is

; @p) _ (1)
givenby Njcen = Nece +1+ Npgeey -

- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n-4, the value of néllj‘f:)CH is determined according to higher layer configuration and Table 9.2-2.
For a UE configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two
PUCCH resources with the first PUCCH resource n&,‘é’():H for antenna port py and the second PUCCH
resource n&,%éH for antennaport p,, otherwise, the PUCCH resource value mapsto asingle PUCCH
resource né,h%’éH for antennaport pg.

- for aPDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—-4 , or for
an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 , the UE shall use

o if EPDCCH-PRB-set qisconfigured for distributed transmission

(LBo) _— (e1)
Npgcen = Necceq + Apro + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

5 n

(Lp) _ | _ECCEQ ECCEq ' (e1)

Npdcen = LWJ Nee +N+A jpo + NPUCCH,q
RB

for antennaport p,, where Ngoce, isthe number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢,

A jro s determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH asgivenin Table 10.1.2.1-1, N, for EPDCCH-PRB-set qis configured by the higher layer

parameter pucch-ResourceStartOffset-r1l, N Eg %9 for EPDCCH-PRB-set (is given in subclause 6.8A.1in

[3], N'isdetermined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5in[3]. For two antenna port transmission the PUCCH resource for antennaport p, isgiven
by

o if EPDCCH-PRB-set qis configured for distributed transmission

1p) _ (e1)
r]PUCCH - r]ECCE,q + 1+ AARO + NPUCCH,q
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o if EPDCCH-PRB-set qisconfigured for localized transmission
= n
(Lp) _ ECCEq ECCE, ! (e)
nPUFCJ)lCH —{ J NRB +1+n +AARO + NPTJCCH,q

ECCEq
Nes

Table 10.1.2.1-1: Mapping of ACK/NACK Resource offset Field
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D to A o, values

ACK/NACK Resource offset field A
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO

0 0
1 -1
2 -2
3 2

10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.2.2.1 or aPUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.2.2.2 or aPUCCH format 4 HARQ-ACK procedure as described
in subclause 10.1.2.2.3 or aPUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.2.2.4.

HARQ-ACK transmission on two antennaports (pe [ pg, py]) issupported for PUCCH format 3.

HARQ-ACK transmission on two antennaports (pe [ pg, p1]) issupported for PUCCH format 1b with channel
selection and FDD with two configured serving cells.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit p(o)b) on
PUCCH resource nét@CH for p mapped to antenna port p using PUCCH format 1b where

n;{;@gH = né,l&CCH for antennaport p, where ng&CCH is selected from A PUCCH resources,

NYccn, j Where 0< j < A-1 and Ac {234}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5in subframe n. HARQ-ACK(j) denotesthe ACK/NACK/DTX response for atransport block or
SPS release PDCCH/EPDCCH associated with serving cell ¢, where the transport block and serving cell for
HARQ-ACK(j) and A PUCCH resources are given by Table 10.1.2.2.1-1.

- nét%éH for antenna port p, , where nét%éH isselected from A PUCCH resources, né,hﬁc%H‘ ; configured by

higher layerswhere 0< j < A-1 and Ae{2,34} , according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table
10.1.2.2.1-5 by replacing n&)JCCH with né,hﬁc%H and replacing ng&ccm with né,tﬁc%w in subframe n, when
the UE is configured with two antenna port transmission for PUCCH format 1b with channel selection.

A UE configured with a transmission mode that supports up to two transport blocks on serving cell, ¢, shall use the

same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single transport
block or a PDCCH/EPDCCH indicating downlink SPS rel ease associated with the serving cell c.
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Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j)

for PUCCH format 1b HARQ-ACK channel selection

HARQ-ACK(j)

HARQ-ACK(0)

HARQ-ACK(1)

HARQ-ACK(2)

HARQ-ACK(3)

TB1 Primary cell

TB1 Secondary cell

NA

NA

TB1 Serving celll

TB2 Serving celll

TB1 Serving cell2

NA

TB1 Primary cell

TB2 Primary cell

TB1 Secondary cell

TB2 Secondary cell

The UE shall determinethe A PUCCH resources, Ny)eq,; associated with HARQ-ACK(j) where 0< j < A-1 in
Table 10.1.2.2.1-1, according to

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 onthe
primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 on

the primary cell, the PUCCH resourceis né,ﬂCCH‘ i =Nece t NF(,BCCH , and for transmission mode that supports

up to two transport blocks, the PUCCH resource né,l&CCH‘ j+1 isgivenby né,lt)JCCH, i1 = Nece +1+ N ecn

where N isthe number of the first CCE used for transmission of the corresponding PDCCH and N,
is configured by higher layers.

- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n-4, the value of né,lL),CCH, j isdetermined according to higher layer configuration and Table 9.2-2.

For transmission mode that supports up to two transport blocks, the PUCCH resource nSL),CCH, j+1 Isgivenby

@ —n®
Neucen, j+1 = Npucc,j +1

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-4
on the secondary cell, the value of néBCCH’ ; » and the value of néﬂCCH’ j+1 for the transmission mode that

supports up to two transport blocks is determined according to higher layer configuration and Table
10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to
determine the PUCCH resource values from one of the four resource val ues configured by higher layers, with
the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two

transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources

(NS een i né,lt)JCCH,m) , otherwise, the PUCCH resource value maps to asingle PUCCH resource N)ecy. i

- for aPDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 onthe
primary cell, or for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4
on the primary cell, the PUCCH resource is given by

- if EPDCCH-PRB-set qis configured for distributed transmission

(1) — (e1)
nPUCCH,j - nECCE,q + AARo + NPUCCH,q

- if EPDCCH-PRB-set qis configured for localized transmission

n

@ _ ECCEQq ECCE,q ' (e1)

nPUCCH,j - \‘ N E_CCE,q J ’ N RB +N'+A ARO + N PUCCH,q
RB

where Ngoce  isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q, A,z isdetermined fromthe
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin Table 10.1.2.1-
1, Né,f,l)CCH’q for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-
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ri1, N §§°E'q for EPDCCH-PRB-set qisgiveninsubclause 6.8A.1in[3], N'isdetermined from the antenna
port used for localized EPDCCH transmission which is described in subclause 6.8A.5in [3].

For transmission mode that supports up to two transport blocks, the PUCCH resource né,l&CCH‘ j+1 Isgivenby

- if EPDCCH-PRB-set qisconfigured for distributed transmission

(e1)

(1) —
n = Necceg +1+ Ao + NPUCCH,q

PUCCH, j+1

- if EPDCCH-PRB-set qis configured for localized transmission

n

) . ECCE,q ECCE,q ' (e1)

nPUCCH,j+1 - { N ECCE.q J N RB +1+n +AARO + NPUCCH,q
RB

Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

\Value of 'TPC command @) () ()
for PUCCH! NegeeH,j ©F (nPUCCH,j ) nPUCCH,j+1)
'00' The 1st PUCCH resource value configured by the higher layers|
'01' The 2" PUCCH resource value configured by the higher layers
'10' The 3" PUCCH resource value configured by the higher layers
'11' The 4" PUCCH resource value configured by the higher layers
NOTE: (néﬂCCH’j : néﬂCCHﬁl) are determined from the first and second PUCCH
resource lists configured by n1PUCCH-AN-CS-List-r10 in [11], respectively.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) | HARQ-ACK (1) néﬂCCH b(0)b(1)
ACK ACK nQocur | 11
ACK NACKDTX | nQccuo | 12

NACK/DTX ACK nPecur | 00
NACK NACKDTX | n§cco | 00
DTX NACK/DTX No Transmission
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Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | NY)eqy | P(OBQ)
ACK ACK ACK nPocns | L1
ACK NACK/DTX ACK nRocns | 10

NACK/DTX ACK ACK nPocns | 01
NACK/DTX | NACK/DTX ACK nQoonz | 11
ACK ACK NACKDTX | nQecno | 11
ACK NACK/DTX | NACKDTX | nYccno | 10
NACK/DTX ACK NACKDTX | nYecno | 01
NACK/DTX | NACK/DTX NACK nQocuz | 00
NACK NACK/DTX DTX nPecro | 00
NACK/DTX NACK DTX nPecro | 00
DTX DTX DTX No Transmission
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Table 10.1.2.2.1-5: Transmission of Format 1b HARQ-ACK channel selection for A=4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) néﬂCCH b(0)b(2)
ACK ACK ACK ACK nPocnr | 12
ACK NACK/DTX ACK ACK nS&CCH,Z 0,1

NACK/DTX ACK ACK ACK n&)JCCH’l 0,1
NACK/DTX NACK/DTX ACK ACK né,ll)JCCH’3 1,1
ACK ACK ACK NACK/DTX n&)JCCH’l 1,0
ACK NACK/DTX ACK NACK/DTX nS&CCH,Z 0,0
NACK/DTX ACK ACK NACK/DTX nS&CCH,l 0,0
NACK/DTX NACK/DTX ACK NACK/DTX nS&CCH,g 1,0
ACK ACK NACK/DTX ACK nQ&CCH,Z 1,1
ACK NACK/DTX NACK/DTX ACK nQ&CCH,Z 1,0
NACK/DTX ACK NACK/DTX ACK nS&CCH,g 0,1
NACK/DTX NACK/DTX NACK/DTX ACK nS&CCH,g 0,0
ACK ACK NACK/DTX NACK/DTX nS&CCH,o 1,1
ACK NACK/DTX NACK/DTX NACK/DTX nS&CCH,O 1,0
NACK/DTX ACK NACK/DTX NACK/DTX nS&CCH,o 0,1
NACK/DTX NACK NACK/DTX NACK/DTX nS&CCH,o 0,0
NACK NACK/DTX NACK/DTX NACK/DTX nS&CCH,o 0,0
DTX DTX NACK/DTX NACK/DTX No Transmission

10.1.2.2.2 PUCCH format 3 HARQ-ACK procedure

For PUCCH format 3, the UE shall use PUCCH resource n,&?jE)CH or néll@CH for transmission of HARQ-ACK in
subframe n for p mapped to antenna port p where
- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-4, or for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4
on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource n&)@w with

n&%&H =Ngee + NéBCCH for antennaport p,, where nece isthe number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N, is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the
PUCCH resource for antennaport p, isgivenby NSk, =nNeee +1+ NSeq, -

- for aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n-4, the UE shall use PUCCH format 1a/1b and PUCCH resource n(PlL’J@CH where the

value of né,tﬁc)CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured
for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource n(PlL’J%OéH for antennaport p, and the second PUCCH
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resource né,hg%H for antennaport p-, otherwise, the PUCCH resource value maps to asingle PUCCH

resource N, for antennaport po.

- for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-4, the UE shall use PUCCH format 3 and PUCCH resource n,(,fjg)CH where

the value of né,f;?CH is determined according to higher layer configuration and Table 10.1.2.2.2-1.

The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission for PUCCH format 3, a
PUCCH resource valuein Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
né,f;@ogH for antennaport p,y and the second PUCCH resource né,i’&)}, for antennaport p-, otherwise, the

PUCCH resource value maps to a single PUCCH resource né,i’EOéH for antennaport pg. A UE shall assume

that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding
secondary cell PDCCH/EPDCCH assignments in a given subframe.

- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n-4, or for aEPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n—4 onthe primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource n(PlL’J@CH given by
- if EPDCCH-PRB-set qis configured for distributed transmission

(L,po) _ (e1)
r]PUCOCH - r]ECCE,q + AARO + NPUCCH,q

- if EPDCCH-PRB-set qis configured for localized transmission

= n

(Lp) _— ECCEq ECCE,q ' (e1)

Npocen = \‘WJ Nrs +N'H+A pro + NPUCCH,q
RB

for antennaport p,, where Ngoce, isthe number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q,
A jro isdetermined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH asgivenin Table 10.1.2.1-1, N g‘f}gm for EPDCCH-PRB-set qis configured by the higher layer

parameter pucch-ResourceStartOffset-ril, N Eg CE4 for EPDCCH-PRB-set gisgiveninsubclause 6.8A.1in

[3], N'isdetermined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5 in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antennaport p, isgiven by.

- if EPDCCH-PRB-set qisconfigured for distributed transmission

(Lh) _— (e)
Negcen = Necceg T 1+ Appo + NPUCCH,q

- if EPDCCH-PRB-set qis configured for localized transmission

ECCEq

= n
(Lp) _ ECCEq ECCE,q , (e1)
Npjcen = {N—J ’ NRB +1+n +AARO + NPUCCH,q
RB
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Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

\Value of 'TPC command for PUCCH' n(3,f>)
or '"HARQ-ACK resource offset' PUCCH
‘00’ [The 1st PUCCH resource value configured by the higher layers
'01' The 2" PUCCH resource value configured by the higher layers
'10' The 3" PUCCH resource value configured by the higher layers
'11' The 4" PUCCH resource value configured by the higher layers
10.1.2.2.3 PUCCH format 4 HARQ-ACK procedure

For PUCCH format 4, the UE shall use PUCCH resource nétgg}, or néfjgz}, or né,t@CH for transmission of HARQ-
ACK and scheduling request (if any) and periodic CSl (if any) in subframe n for p mapped to antenna port p where

for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-4, or for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4

on the primary cell, the UE shall use PUCCH format 1&/1b and PUCCH resource nét@CH with

né,ll’f;’éH =Ngee + NéBCCH for antennaport p,, where nece isthe number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N, is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the
PUCCH resource for antennaport p, isgivenby NS, =nNeee +1+ NSeq, -

for aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n-4, the UE shall use PUCCH format 1a/1b and PUCCH resource né,lo‘(’:)CH where the

value of nét@CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured

for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource né,llj(’:%H for antennaport py and the second PUCCH

resource né,h%éH for antennaport p-, otherwise, the PUCCH resource value maps to asingle PUCCH

resource N2, for antennaport py.

for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-4,

- if the UE is configured with codebooksizeDetermination-r13 = 1, or if the UE is configured with
codebooksizeDetermination-r13 = 0 and the total number of HARQ-ACK bits 0** and scheduling request
bit O (if any) and periodic CSI bits O (if any) is more than 22, the UE shall use PUCCH format 4

and PUCCH resource nétg)CH where the value of ng‘@m is determined according to higher layer

configuration and Table 10.1.2.2.2-1.

The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.3-1. A UE shall assume that the same HARQ-ACK PUCCH resource valueis
transmitted in each DCI format of the corresponding secondary cell PDCCH assignmentsin agiven
subframe.

P-Csl

- If the UE is configured with codebooksizeDetermination-r13 = 0 and if the total number of HARQ-ACK bits
O*¢ and scheduling request bit O (if any) and periodic CSI bitsO (if any) is no more than 22, the

UE shall use PUCCH format 3 and PUCCH resource nﬁfj@w where the value of nﬁfj@w is determined

according to higher layer configuration and Table 10.1.2.2.2-1. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource val ues from one of the
four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. . For aUE
configured for two antenna port transmission for PUCCH format 3, a PUCCH resource valuein Table

10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource n%E)CH for antenna port py and

P-Csl
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the second PUCCH resource n%E)CH for antenna port pq , otherwise, the PUCCH resource value maps to a

single PUCCH resource nﬁfj@w for antenna port pp . A UE shall assume that the same HARQ-ACK PUCCH

resource valueis transmitted in each DCI format of the corresponding secondary cell PDCCH assignmentsin
agiven subframe.

- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n-4, or for aEPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n—4 onthe primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource n&@CH given by

- if EPDCCH-PRB-set qisconfigured for distributed transmission

(,po) _ (e1)
r]PUCUCH - r]ECCE,q + AARO + NPUCCH,q

- if EPDCCH-PRB-set qisconfigured for localized transmission

= n

(Lp) _— ECCEq ECCE,q ' (e1)

Npocen = \‘WJ Nrs +NH+A pro + NPUCCH,q
RB

for antennaport p,, where Ngoce, isthe number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q,
A jro s determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH asgivenin Table 10.1.2.1-1, N ;‘f}gm for EPDCCH-PRB-set qisconfigured by the higher layer

parameter pucch-ResourceStartOffset-ril, N Eg CE4 for EPDCCH-PRB-set gisgiveninsubclause 6.8A.1in

[3], N'isdetermined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5 in [3]. When two antenna port transmission is configured for PUCCH format 1a/l1b, the
PUCCH resource for antenna port p, isgiven by.

@Lp) (e1)
. . : . ... n =n +1+A,+N
- if EPDCCH-PRB-set qisconfigured for distributed transmission  PVccH ECCEq ARO PUCCH.q

- if EPDCCH-PRB-set qisconfigured for localized transmission

= n

1p) _ ECCEq ECCE,q . (e1)

Neocen = \‘WJ Nrs +1+N+A 00 +N PUCCH,q
RB

Table 10.1.2.2.3-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of 'TPC command for PUCCH' n(4,i§)
or 'HARQ-ACK resource offset' PUCCH
‘00’ The 1st PUCCH resource value configured by the higher layers
‘01 The 2"° PUCCH resource value configured by the higher layers
'10' The 3" PUCCH resource value configured by the higher layers
'11' The 4" PUCCH resource value configured by the higher layers
10.1.2.2.4 PUCCH format 5 HARQ-ACK procedure

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause

10.1.2.2.3, by replacing 2L with nSEL
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10.1.2A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 1

For a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection, the UE shall determine the number
of HARQ-ACK bits, o insubframe n, based onthe number of configured serving cells with subframe n-4
configured as a downlink or special subframe according to the DL-reference UL/DL configuration (defined in subclause
10.2) of each serving cell and the downlink transmission modes configured for each serving cell. For a UE not
configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 3, the UE shall determine the
number of HARQ-ACK bits, o insubframe n, based onthe number of configured serving cells with subframe

n-4 configured as adownlink or special subframe except a specia subframe of configurations 0 and 5 with normal
downlink CP or of configurations O and 4 with extended downlink CP according to the DL -reference UL/DL
configuration (defined in subclause 10.2) of each serving cell and the downlink transmission modes configured for each
serving cell. The UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode
that support up to two transport blocks; and one HARQ-ACK bit otherwise.

A UE that supports aggregating at most 2 serving cells shall use PUCCH format 1b with channel selection for
transmission of HARQ-ACK when configured with primary cell frame structure type 1 and secondary cell frame
structure type 2.

A UE that supports aggregating more than 2 serving cells with primary cell frame structure type 1 is configured by
higher layersto use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of
HARQ-ACK when configured with more than one serving cell and primary cell frame structure type 1 and at least one
secondary cell with frame structure type 2.

For HARQ-ACK transmission in subframe n with PUCCH format 1b with channel selection, the FDD-TDD HARQ-
ACK procedure follows HARQ-ACK procedure described in subclause 10.1.2.1 if subframe n—4 isan uplink or a
specia subframe of configurations 0 and 5 with normal downlink CP or of configurations O and 4 with extended
downlink CP for the secondary cell according to the higher layer parameter subframeAssignment for UE not configured
with the higher layer parameter EIMTA-MainConfigServCell-r12, and according to the higher layer parameter eimta-
HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and
HARQ-ACK procedure described in subclause 10.1.2.2.1 otherwise.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 3 HARQ-ACK procedure as described in
subclause 10.1.2.2.2.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 4 HARQ-ACK procedure is as described in
subclause 10.1.2.2.3.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in
subclause 10.1.2.2.4.

HARQ-ACK transmission on two antennaports (pe [ pg, py]) issupported for PUCCH format 3.

HARQ-ACK transmission on two antennaports (pe [ pg, pyl) issupported for PUCCH format 1b with channel
selection and with two configured serving cells.

10.1.3 TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than one serving cell with frame structure type 2, two
HARQ-ACK feedback modes are supported by higher layer configuration.

- HARQ-ACK bundling and
- HARQ-ACK multiplexing

For TDD UL/DL configuration 5 and a UE that does not support aggregating more than one serving cell with frame
structure type 2 and the UE is not configured with EIMTA-MainConfigServCell-r12 for the serving cell, only HARQ-
ACK bundling is supported.

A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layersto
use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 2.

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 242 ETSI TS 136 213 V13.0.0 (2016-05)

A UE that supports aggregating more than one serving cell with frame structure type 2 and is not configured with the
parameter EIMTA-MainConfigServCell-r12 for any serving cell is configured by higher layers to use HARQ-ACK
bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of
Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-ACK when configured with one serving cell with
frame structure type 2.

A UE that is configured with the parameter EIMTA-MainConfigServCell-r12 and configured with one serving cell is
configured by higher layers to use PUCCH format 1b with channel selection according to the set of Tables 10.1.3-5/6/7,
or PUCCH format 3 for transmission of HARQ-ACK. A UE that is configured with the parameter EIMTA-
MainConfigServCell-r12 for at least one serving cell and configured with more than one serving cell is configured by
higher layers to use PUCCH format 1b with channel selection according to the set of Tables 10.1.3-5/6/7, or PUCCH
format 3/4/5 for transmission of HARQ-ACK.

PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables
10.1.3-5/6/7 is not supported for TDD UL/DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M multiple downlink or special subframes associated
with asingle UL subframe n, where M isthe number of elementsintheset K definedin Table 10.1.3.1-1, by a
logical AND operation of al the individual PDSCH transmission (with and without corresponding PDCCH/EPDCCH)
HARQ-ACKs and ACK in response to PDCCH/EPDCCH indicating downlink SPS release. For one configured serving
cell the bundled 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1aor PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with M >1, where M isthe number of elementsintheset K
defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is performed by alogical AND operation of al the corresponding individual HARQ-ACKs. PUCCH format
1b with channel selection is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a
subframe n with M =1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is not performed, 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b,
respectively for one configured serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 HARQ-ACK bhitsfor M multiple downlink or special subframes associated with asingle UL subframe n, where
M isdefined in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling across
multiple codewords within a downlink or special subframe for al configured cellsis performed and the bundled
HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-
ACK bitsforM multiple downlink or special subframes associated with asingle UL subframe n, where M isdefined
in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling is not performed and the
HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and without PUCCH format 4/5
configured and more than 20 HARQ-ACK bitsfor M multiple downlink or special subframes associated with asingle
UL subframen, where M isthe number of elementsintheset K defined in subclause 10.1.3.2.2 and for the
configured serving cells, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is performed for each serving cell by alogical AND operation of all of the corresponding individual HARQ-
ACKsand PUCCH format 3 isused. For TDD and more than one configured serving cell with PUCCH format 3 and up
to 20 HARQ-ACK bitsfor M multiple downlink or special subframes associated with asingle UL subframe n, where
M isthe number of elementsintheset K defined in subclause 10.1.3.2.2 and for the configured serving cells, spatial
HARQ-ACK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH format 3.

For TDD with PUCCH format 3 without PUCCH format 4/5 configured, a UE shall determine the number of HARQ-
ACK bits, 0, associated with an UL subframen

Naais
accordingto O= ZOCACK where N2ii. isthe number of configured cells, and OcA “is the number of HARQ-bits

c=1
for the c-th serving cell defined in subclause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in subclause 10.1.3.1 and procedures
for more than one configured serving cell are given in subclause 10.1.3.2.
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10.1.3.1 TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antennaports (pe [pg, p;]) issupported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

A UE that supports aggregating more than one serving cell with frame structure type 2 can be configured by higher
layers for HARQ-ACK transmission on two antenna ports (pe [pg, p;]) for PUCCH format 1b with channel
selection.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in subclause 10.1.3.2.2
when the UE receives PDSCH and/or SPS release PDCCH/EPDCCH only on the primary cell.

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with M =1 where M

isthe number of elementsintheset K defined in Table 10.1.3.1-1, the UE shall use PUCCH resource né,ll)@CH for
transmission of HARQ-ACK insubframe n for p mapped to antenna port p for PUCCH format 1a/1b, where

- If thereis PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or thereis
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where ke K and K (defined
in Table 10.1.3.1-1) isaset of M elements {k,,k;,--ky_;} depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2in [3]), and if PDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k,,, where k;, isthesmallest valueinset K such that UE detectsa
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and

ke K, the UE first selectsa ¢ value out of {0, 1, 2, 3} which makes N. <ngcg < Ng,1 and shall use
g™ =(M-m-1)-N_+m-N

(1) ;
e F Neee + NgJeey for antennaport pg, where N§ccy is

configured by higher layers, N¢ = max{O, L[N% -(NSFéB -c—4)]/36 J} ,and necg isthe number of the first

CCE used for transmission of the corresponding PDCCH in subframe n-k,, and the corresponding m. When
two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK
bundling for antennaport p, isgivenby NS, =(M —m—1)-N_+m-N_, + N +1+ NSeq -

c+l

- If thereisonly aPDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected within
subframe(s) n—k, where ke Kand K isdefined in Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b
and PUCCH resource né,lL’,‘é)CH with the value of né,ll’f(’:)CH is determined according to higher layer configuration

and Table 9.2-2. For aUE configured for two antenna port transmission for PUCCH format 1a/1b and HARQ-
ACK bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH
resource né,{',ﬁg(’:H for antenna port py and the second PUCCH resource né,llf%)CH for antenna port py,
otherwise, the PUCCH resource value maps to asingle PUCCH resource n&fg&H for antennaport pg.

- If thereis PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or thereis
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where ke K and K (defined
in Table 10.1.3.1-1) isaset of M elements {k,,k;,--ky_,} depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2in[3]), and if EPDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k,,, where k;, isthesmallest valueinset K such that UE detectsa
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
ke K, the UE shall use

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1
(LPo) _ (e1)
nPUCOCH - nECCE,q + Z NECCE,q,n—k‘l + AARo + NPUCCH,q
i1=0

- if EPDCCH-PRB-set is configured for localized transmission
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_ n m-1

LBo) _ ECCEq ECCE.q ' (e1)

T { N ECCE.q J NRB + Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

for antennaport pg, where Ngoce, isthe number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set gin

subframe n—k,, and the corresponding m, N,(ﬁ)CCH]q for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-ri1, N Eg CE9 for EPDCCH-PRB-set ginsubframe n-k,,is

giveninsubclause 6.8A.1in[3], n'isdetermined from the antenna port used for EPDCCH transmission in
subframe n—k, which isdescribed in subclause 6.8A.5in[3]. If m=0, A ,., isdetermined fromthe

HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin Table 10.1.2.1-
11f m>0, A, isdetermined fromthe HARQ-ACK resource offset field in the DCI format of the

corresponding EPDCCH as givenin Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in
subframe n-k; , NECCE,q,n—kil is equal to the number of ECCEsin EPDCCH-PRB-set q configured for that

UE in subframen —k;, . If the UE is not configured to monitor EPDCCH in subframe n—k,, , NECCE’anfk‘1 is
equal to the number of ECCEs computed assuming EPDCCH-PRB-set q is configured for that UE in subframe
n— k., . For normal downlink CP, if subframe n—k, isaspecia subframe with specia subframe configuration

Oor5, NECCE’anfIql isequal to 0. For extended downlink CP, if subframe n—k, isaspecia subframe with
special subframe configurationOor 4or 7, N ECCE .-k, 1S €qual to 0. When two antenna port transmission is
configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK bundling for antennaport p, is
given by

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1

Lh) _ (e1)
Npdcen = Neceeg +1+ Z NECCE,q,n—k,l + Aot NPUCCH,q
i1=0

- if EPDCCH-PRB-set qis configured for localized transmission

_ n m-1
1p) _ ECCE,q ECCE,q ' (e1)
nPUCCH - \‘ N ECCE q J ’ NRB + 1+ Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

Table 10.1.3.1-1: Downlink association set K : {ky ki, -ky_} for TDD

UL/DL Subframe n
Configuration | 0 | 1 2 3 4 |5|6 7 819
0 - 6 - 4 6 -1 4
1 -l - 7,6 4 - -l - 7,6 4| -
2 - |- 8,7,4,6 - - -1 -187,46]|-]|-
3 - |- 7,6,11 6,5 54 -] - - - |-
4 - |- 12,8,7,11 6,547 - |-]|- - - |-
5 -1 -113,12,9,8,7,5,4,11,6 - - - |- - - |-
6 -] - 7 7 5 [-]- 7 7] -
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Table 10.1.3.1-1A: elMTA downlink association set K*: {kOA,klA,._,,kh’;Ail} for TDD

Higher layer parameter | Higher layer Subframe n
‘eimta-HARQ- parameter
ReferenceConfig-r12’ | ‘subframeAss | 0| 1 2 3 415]|6 7 819
ignment’
0 - - 7,84 - -1 -] - 7,84 - |-
2 1 - |- 8,4 - -l -] - 8,4 - -
6 - |- 6,8,4 - -l -] - 8,64 - |-
0 - - 12,7,11,8 7,4,5,6 -l -] - - - |-
4 1 - - 12,8,11 756 [ -|-1[- - - |-
3 - |- 12,8 4,7 -l -] - - - |-
6 - - 12,11,8 4,56 N - -
0 -l -1 12,7,11,13,8,4,9,5 - - -1 - - - |-
1 - |- 13,12,8,11,4,9,5 - -l -] - - - |-
5 2 - - 13,129,115 - -l -] - - |-
3 - - 13,12,5,4,8,9 - -l -] - - |-
4 - - 13,5,4,6,9 - - -1 - - - |-
6 - |- 13,12,11,6,8,4,9,5 - -l -] - - - |-
Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format
1A/1B/1D/1/2AI2/2B/2C/2D to A o, values for TDD when m>0
ACK/NACK Resource offset field in A
DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
m-1
1 - z NECCE,q,n—kil -2
i1=0
m-1
2 - Z NECCE,q,n—k‘-l -1
il=m-[ m/3]
3 2
Table 10.1.3.1-3: Mapping of ACK/NACK Resource offset Field in DCI format
1A/1B/1D/1/2A/2/2B/2C/2D to Ay, values for TDD when i4=M'and i5#0
ACK/NACK Resource offset
field in A
DCI format AR
1A/1B/1D/1/2A/2/2B/2C/2D
0 0
i4-1 i5-1
1 _Z N ecce gy _Z N ECCE,q,n-k} 2
i1=0 i1=0
i4-1 i5-1 (|4+|5)
2 - N ECCE,q,n-Ki; — Z N ECCE,q,n-k? -1 ’5:l7
il=min(i4,i4-5+i5) il=max (0, i5-6) 3
3 2

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
multiplexing and sub-frame n with M >1 and one configured serving cell, where M isthe number of elementsin

theset K definedin Table 10.1.3.1-1, denote nQ&CCW asthe PUCCH resource derived from sub-frame n-k; and
HARQ-ACK(i) asthe ACK/NACK/DTX response from sub-frame n—k; , where k; € K (defined in Table 10.1.3.1-1)

and 0<i<M -1.

- For aPDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPSreleasein sub-frame n—k; where k € K, the PUCCH resource
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ngL)JCCH,i =(M =i-1)-N¢g+i-Ncyg+neegj + Né,BCCH , where ¢ isselected from{0, 1, 2, 3} such that

Ne <Necej < Nesas Ne= max{o, \_[N,% (NRB. c—4)]/36j} , Nece; iSthe number of the first CCE used

for transmission of the corresponding PDCCH in subframe n—k; , and N&)..,, isconfigured by higher
layers.

- For aPDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k ,

the value of nlgi)JCCH,i is determined according to higher layer configuration and Table 9.2-2.

- For aPDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPSreleasein sub-frame n—k; where k € K, the UE shall use

- if EPDCCH-PRB-set qis configured for distributed transmission

i-1

1) — (e1)
Npdceni = nECCE,q + Z NECCE,q,n—k‘l + AARo + NPUCCH,q
i1=0

- if EPDCCH-PRB-set qis configured for localized transmission

n i—-1

] _ ECCE,q ECCE,q ' (e1)

nPUCCH,i - \‘ N ECCEq J ’ NRB + Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngoce, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPBDCCH-PRB-set g in subframe n—k , N é,fjlszH'q
for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,

N ESCE’q for EPDCCH-PRB-set qinsubframe n—k isgiveninsubclause 6.8A.1in[3], N'is determined
from the antenna port used for EPDCCH transmission in subframe n—k which is described in subclause
6.8A5in[3].1f i =0, A, isdetermined fromthe HARQ-ACK resource offset field in the DCI format of

the corresponding EPDCCH asgivenin Table 10.1.2.1-1. If i >0, A aro 1S determined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin Table 10.1.3.1-2, where
the variable M inthetableis substituted with i . If the UE is configured to monitor EPDCCH in subframe

n—Kk,, NECCE‘q,n_kil is egual to the number of ECCEsin EPDCCH-PRB-set ¢ configured for that UE in

subframe n—k;, . If the UE is not configured to monitor EPDCCH in subframe n—k;, , NECCE‘q,n_kil is equal

to the number of ECCESs computed assuming EPDCCH-PRB-set qis configured for that UE in subframe
n—k,, . For normal downlink CP, if subframe n—k, isaspecia subframe with specia subframe configuration

Oor5, NECCE’Wkil isequal to 0. For extended downlink CP, if subframe n—k, isaspecia subframe with
special subframe configuration O or 4 or 7, NECCE,GI’Hi1 isequal to O.
If aUE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, thenK’= K wheretheset Kis

defined in Table 10.1.3.1-1 (where “UL/DL configuration” in the table refers to the higher layer parameter
subframeAsssignment), and M ’is the number of elementsinset K’.

If aUE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the set K for the rest of
this subclause is as defined in Sec 10.2, and M is the number of elements for subframenintheset K

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK

multiplexing and sub-frame ", denote néﬂCCH’io as the PUCCH resource derived from sub-frame  n—k and HARQ-

ACK(i0) asthe ACK/NACK/DTX response from sub-framen—k; , where ki e K ,and 0<i<M -1.

- i0 corresponding to each subframe n—k,Vi,0<i <M —1 isdetermined as follows
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Set b=0;
for i2=01,..M -1
if thevalueof kI, isthesameasthevalueof anelement k inset K, where k/, e K’,
i0 corresponding to subframe n—k =b;
b=b+1
end if
end for
for i3=01..,M" -1

if thevalue of kissame asthe value of anelement k inset K, where ke K* (defined in Table
10.1.3.1-1A)

i0 corresponding to subframe n—k =b;
b=b+1
end if
end for

- For aPDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPSrelease in sub-frame n—k,

k

_ ifthevalueof X issameasthe value of an element Ki2inset K', the PUCCH resource NScenio 1Sgiven

by nl(DlliCCH,iO =(M'-i2-1)- N, +i2- Ng, + Necei + NI(D:BCCH ;
. K . kiA . A kiAe KA . .
- otherwise, if thevalueof "7 issame asthevalue of anelement '3 inset K™ where "3 (defined in

Table 10.1.3.1-1A), the UE shall set, the PUCCH resource N)ccpio iSgiven by

(&) _ A s ; KA .
Npgcen Jjo — (M _|3_1)' Nc +13- Nc+l+ nCCE,i + NPUCCH '

where M * isthe number of dlementsintheset K" defined in Table 10.1.3.1-1A , € isselected from {0, 1,

_ N, =max{0,| [NS5 - (NRB.c—4)]/36 .
2, 3} such that Ne < Nece <NC+1, ¢ { \‘[ Re (Nec ) J} MCCE s the number of the
(1)

n-k; KA
i ,and NPUCCH , NPUCCH,are

first CCE used for transmission of the corresponding PDCCH in subframe
configured by higher layers.

- For aPDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k ,

the value of néﬂCCHin is determined according to higher layer configuration and Table 9.2-2.

- For aPDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating

downlink SPSrelease in sub-frame n-k where ki €K , the UE shall use

- if EPDCCH-PRB-set Yis configured for distributed transmission

i4-1 i5-1
® _ ’ ’ / (D)
r]PUCCH,iO - nECCE,q + Z NECCE,q,n—kfl + Z NECCE,q,n—K’i + AARO + NPUCCH,q
i1=0 i1=0
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- if EPDCCH-PRB-set is configured for localized transmission

n i4-1 i5-1
Sccnio = | —poat |- NESTEI+ DTN/ +>' N/ +N'+ Ay + NEY
’ y ,d,N—Kjy P Al\ ’
Nedceniio \‘ N ECCE.q J RB ~ ECCE,q,n—k. ;) ECCE,g,n—k; ARO PUCCH,q
RB il= il=

where
- ifthevalueof K issameasthevalue of anindex K2, where K'i.€ K' then i4=i2and i5=0:

- otherwisg, if the value of K is same as the value of an index Iﬂlg,where kiée KA,then i4=M’and i5=i3;

, and where Necceq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used for

transmission of the corresponding DCI assignment in EPDCCH-PRB-set din subframe N— k, N (pilz;CH,q for
EPDCCH-PRB-set Qs configured by the higher layer parameter pucch-ResourceStartOffset-ril, N Eg CEA for

EPDCCH-PRB-set Jinsubframe N—K is giveninsubclause 6.8A.1in[3], N'isdetermined from the antenna port
used for EPDCCH transmission in subframe N—K; which is described in subclause 6.8A.5 in [3].

A'\ro isdetermined as follows

- 5 14=0 and i5=0, A' jno s determined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH asgivenin Table 10.1.2.1-1.

- If 0<i4<M'and i5=0, A',y, isdetermined from the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH as givenin Table 10.1.3.1-2, where the variable A o, inthetableis

substituted with A’ , the variable M in the table i's substituted with 14 thevariable N inthetableis
substituted with N’ and the variable k,inthe table is substituted with k', .

- If i4=M"and 1520, A',g, isdetermined fromthe HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as givenin Table 10.1.3.1-3,

For agiven subframe U N'gece , isdetermined asfollows

If the UE is configured to monitor EPDCCH in subframe U, N'gcce ., isequal to the number of ECCEs
in EPDCCH-PRB-set configured for that UE in subframe Y.

- If the UE is not configured to monitor EPDCCH in subframe Y, N'g.ce ., isequal to the number of
ECCEs computed assuming EPDCCH-PRB-set s configured for that UE in subframe U

- For normal downlink CP, if subframe Y isaspecial subframe with special subframe configuration 0 or 5,
N'cece qu iSequal to.

- For extended downlink CP, if subframe U isaspecia subframe with special subframe configuration O or 4
or7, N'geee gy isequal toO.

If a UE is not configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the
UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, based on higher layer signalling
the UE configured with a single serving cell will perform channel selection either according to the set of Tables 10.1.3-
2,10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

If aUE is configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the UE is
not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the UE will perform channel
selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.
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If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE configured with a
single serving cell will perform channel selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

For the selected table set, the UE shall transmit b(0),b(1) on PUCCH resource n;};@m insub-frame n for p
mapped to antennaport P using PUCCH format 1b according to subclause 5.4.1 in [3] where

n;{f’QCH = ng&CCH for antenna port p, and the value of b(0),b(1) and the PUCCH resource n,(jll)JCCH are

generated by channel selection according to the selected set of Tablesfor M = 2, 3, and 4 respectively

- nét%éH for antenna port p, , where nét%éH is selected from PUCCH resources nI(DlLJﬁCléH,i configured by

higher layerswhere 0<i <M -1, according to selected set of Tablesfor M = 2, 3, and 4 respectively by
replacing niY)ccy with NS, and replacing NS)ecy; with NS, when the UE is configured with two
antenna port transmission for PUCCH format 1b with channel selection.

Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M =2

HARQ-ACK(0), HARQ-ACK(1) | n®_, | b(0),b®
ACK, ACK Necrs | 11
ACK, NACK/DTX Necro | 0.1
NACK/DTX, ACK NYeca | 0,0
NACK/DTX, NACK Moo | L0
NACK, DTX NYecro | L0
DTX, DTX No transmission

Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M =3

HARQ-ACK (0), HARQ-ACK(1), HARQ-ACK(2) | n@ ey | b(0),b(®)

ACK, ACK, ACK Nech | L1

ACK, ACK, NACK/DTX Necra | L1
ACK, NACK/DTX, ACK Nccno | 11
ACK, NACK/DTX, NACK/DTX NYccno | 0.1
NACK/DTX, ACK, ACK NYecnz | 1.0
NACK/DTX, ACK, NACK/DTX e | 0,0
NACK/DTX, NACK/DTX, ACK Nechz | 0,0
DTX, DTX, NACK Necho | 0.1

DTX, NACK, NACK/DTX NYecns | 1.0
NACK, NACK/DTX, NACK/DTX NSecno | 1.0
DTX, DTX, DTX No transmission

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 250 ETSI TS 136 213 V13.0.0 (2016-05)

Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK (0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n®) ., | b(0),b(1)
ACK, ACK, ACK, ACK Moo | 11
ACK, ACK, ACK, NACK/DTX NYeca | L0
NACK/DTX,NACK/DTX,NACK,DTX NYecns | 11
ACK, ACK, NACK/DTX, ACK Necrs | 1,0
NACK, DTX, DTX, DTX Neco | 1,0
ACK, ACK, NACK/DTX, NACK/DTX Necrs | 1,0
ACK, NACK/DTX, ACK, ACK NYecns | 01
NACK/DTX, NACK/DTX, NACK/DTX, NACK Moo | 11
ACK, NACK/DTX, ACK, NACK/DTX NYecz | 01
ACK, NACK/DTX, NACK/DTX, ACK Necro | 0.1
ACK, NACK/DTX, NACK/DTX, NACK/DTX Necro | 11
NACK/DTX, ACK, ACK, ACK Necns | 0.1
NACK/DTX, NACK, DTX, DTX NYeca | 0,0
NACK/DTX, ACK, ACK, NACK/DTX NYecrz | L0
NACK/DTX, ACK, NACK/DTX, ACK NYecns | L0
NACK/DTX, ACK, NACK/DTX, NACK/DTX Necrs | 01
NACK/DTX, NACK/DTX, ACK, ACK Necns | 0.1
NACK/DTX, NACK/DTX, ACK, NACK/DTX Necuz | 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK NYecns | 0,0
DTX, DTX, DTX, DTX No transmission

Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M =2

HARQ-ACK(0), HARQ-ACK(1) | n§.o, | b(O)b(D)
ACK, ACK nPeour | L0
ACK, NACK/DTX nYocro | 11
NACK/DTX, ACK Qoo | 01
NACK, NACK/DTX nYocro | 0.0
DTX, NACK/DTX No Transmission

Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M =3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) n,‘,ﬂCCH b(0)b(1)

ACK, ACK, ACK nPocz | L1

ACK, ACK, NACK/DTX n&)JCCH’l 1,0

ACK, NACK/DTX, ACK n&)JCCHZ 1,0

ACK, NACK/DTX, NACK/DTX n,(,{)JCCqu 1,1
NACK/DTX, ACK, ACK Yooz | 0.1
NACK/DTX, ACK, NACK/DTX n&)JCCM 0,1
NACK/DTX, NACK/DTX, ACK n&)JCCH,Z 0,0

NACK, NACK/DTX, NACK/DTX n&)JCCHD 0,0

DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK(2), HARQ-ACK(3) | n$)., | b(O)b(2)
ACK, ACK, ACK, ACK Yoo | 11
ACK, ACK, ACK, NACK/DTX n&)JCCH’Z 1,1
ACK, ACK, NACK/DTX, ACK n&)JCCHD 1,0
ACK, ACK, NACK/DTX, NACK/DTX n&)JCCHyl 1,0
ACK, NACK/DTX, ACK, ACK n,(,lt)JCCH3 1,1
ACK, NACK/DTX, ACK, NACK/DTX n&)JCCH,Z 1,0
ACK, NACK/DTX, NACK/DTX, ACK n&)JCCH,O 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX n&)JCCHD 1,1
NACK/DTX, ACK, ACK, ACK nl(i’ll)JCCH,l 0,0
NACK/DTX, ACK, ACK, NACK/DTX n&)JCCHz 0,1
NACK/DTX, ACK, NACK/DTX, ACK n,(,lt)JCCH3 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX n,(,lt)JCCH1 0,1
NACK/DTX, NACK/DTX, ACK, ACK n,(,lt)JCCH3 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX n&)JCCHz 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nﬁ,ﬂcm3 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX n&)JCCHD 0,0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 252 ETSI TS 136 213 V13.0.0 (2016-05)

10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

If a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell, “UL/DL configuration” of the serving cell
in the rest of this subclause refers to the UL/DL configuration given by the parameter el mta-HARQ-ReferenceConfig-
r12 for the serving cell unless specified otherwise.

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.3.2.1 or aPUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.3.2.2 or aPUCCH format 4 HARQ-ACK procedure as described
in subclause 10.1.3.2.3 or aPUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.3.2.4.

HARQ-ACK transmission on two antenna ports (pe [ pg, p1]) issupported for PUCCH format 3 and TDD with more
than one configured serving cell.

If aUE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the
same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.

If aUE is configured with two serving cells and the TDD UL/DL configuration of the two serving cellsis the same,
TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cellsis not
supported. If a UE is configured with two serving cellsand if the TDD UL/DL configuration of the two serving cells are
not the same and if the DL-reference UL/DL configuration (as defined in subclause 10.2) of at least one serving cell is
TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.

If aUE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell and is configured
with PUCCH format 3 without PUCCH format 4/5 configured, the UE is not expected to be configured with more than
two serving cells having UL/DL Configuration 5 as a DL-reference UL/DL configuration.

HARQ-ACK transmission on two antennaports (pe [ pg, p1]) issupported for PUCCH format 1b with channel
selection and TDD with two configured serving cells.

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

If aUE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, thenK'=K wheretheset K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration” in the table refers to the higher layer parameter
subframeAssignment), and M 'is the number of elementsinset K'.

If aUE is configured with two serving cells with the same UL/DL configurations, then in the rest of this subcaluse, K

isasdefined in Sec 10.2and M isthe number of elements for subframenintheset K,and M, . =M.
If aUE is configured with two serving cells with different UL/DL configurations,
- thenthe UE shall determine M for a subframe nin this subclause asM = max(M orimary » M Secondary), where

M denotes the number of elements for subframenintheset K for the primary cell (as defined in
subclause 10.2)

primary

= M ongr, denotesthe number of elements for subframe nin the set K. for the secondary serving cell (as
defined in subclause 10.2)

- if Mgongary <M, then the UE shall, for the secondary serving cell, set HARQ-ACK (j) to DTX for j =
M to M -1.

sec ondary
- if Mprimary
M-1

If the UE is configured with two serving cells with different UL/DL configurations, then in the rest of this subclause,
K =K, where K_isdefined in subclause 10.2.

< M , then the UE shall, for the primary cell, set HARQ-ACK(j) to DTX forj= M to

primary

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M =1, aUE shall determine the number of HARQ-ACK bits, 0, based on the number of
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configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two
HARQ-ACK bits for a serving cell configured with a downlink transmission mode that supports up to two transport
blocks; and one HARQ-ACK bit otherwise.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M < 2, the UE shall transmit p(o)bry on PUCCH resource né,t‘é)CH for p mapped to antenna

port p using PUCCH format 1b where

n(PlL’J@CH = n&)JCCH for antennaport p, , where ng&CCH selected from A PUCCH resources, néBCCH’ j

where 0< j < A-1 and Ae {2,34}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe n
using PUCCH format 1b.

- néﬁ%&H for antenna port p, , where néﬁ%&H selected from A PUCCH resources, nétﬁc%H‘ ; configured by

higher layerswhere 0< j < A-1 and Ae {234}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 by
replacing n&)JCCH with néﬁ%&H and replacing n(PlL)J(:CHi with nétﬁc%w in subframe n, whenthe UE is
configured with two antenna port transmission for PUCCH format 1b with channel selection,
and for asubframe n with M =1, HARQ-ACK(j) denotes the ACK/NACK/DTX response for atransport block or SPS
release PDCCH/EPDCCH associated with serving cell, where the transport block and serving cell for HARQ-ACK(j)
and A PUCCH resources are given by Table 10.1.2.2.1-1. For asubframen with M =2, HARQ-ACK(j) denotes the
ACK/NACK/DTX response for aPDSCH transmission or SPS release PDCCH/EPDCCH within subframe(s) given by
set K on each serving cell, where the subframes on each serving cell for HARQ-ACK(j) and A PUCCH resources
are given by Table 10.1.3.2-4.
If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE shall determine
the A PUCCH resources, né,lL),CCqu associated with HARQ-ACK (j) where 0< j < A-1 inTable 10.1.2.2.1-1 for

M =1 and Table 10.1.3.2-4for M =2, according to

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe N— km , Where
k.,€ K onthe primary cell, or for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in
subframe N— krn , where k € K onthe primary cell, the PUCCH resourceis

Mg =M ey = M=1)- Ng +m- N, + e+ Ny, where ¢ is sdlected from {0, 1, 2, 3}

suchthat N, <neer <N,.p, N, =max]0,| N2 - (NZ®.c—4)]/36 |} where N is
determined from the primary cell, and for a subframe n with M =1 and atransmission mode that supports up
to two transport blocks on the serving cell where the corresponding PDSCH transmission occurs, the PUCCH

[6h) L €] _ 1)
resource Mpjccy jiq iSivenby Npjecy 1 = (M primary m_l)' N +m- Ny + Noce i +1+ Ngeen

where Nece o, isthe number of the first CCE used for transmission of the corresponding DCI assignment and

NSy isconfigured by higher layers.

- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where ke K, the value of né,lL),CCH, j isdetermined according to higher layer

configuration and Table 9.2-2.

- ForaPDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPS release in sub-frame N— krn wherek e K onthe primary cell, the PUCCH resource
né,ﬂCCH’j isgiven by

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1
1) — (eD)
nPUCCH,j - nECCE,q + Z NECCE,q,n—kil + AARo + NPUCCH,q
i1=0

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 254 ETSI TS 136 213 V13.0.0 (2016-05)

- if EPDCCH-PRB-set is configured for localized transmission

n m-1

1) _ ECCE,q ECCE,q ' (e1)

nPUCCH,j - \‘ N ECCE,q J ’ NRB + Z NECCE,q,n—ki1 +n +AARO + NPUCCH,q
RB i1=0

where Ngoce, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

(e1)

for transmission of the corresponding DCI assignment in EPBDCCH-PRB-set qin subframe n—-k_, N PUCCH.q

for EPDCCH-PRB-set qisconfigured by the higher layer parameter pucch-ResourceStartOffset-ri11 ,

N ESCE’q for EPDCCH-PRB-set qinsubframe n—k_ isgivenin subclause 6.8A.1in[3], N'is determined
from the antenna port used for EPDCCH transmission in subframe n—k_which is described in subclause
6.8A5in[3].1f m=0, A ,q, isdetermined fromthe HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH asgivenin Table 10.1.2.1-1. If m>0, A ,,, isdetermined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin Table 10.1.3.1-2. If the
UE is configured to monitor EPDCCH in subframe n—k;, , NECCE,q,n—kil is equal to the number of ECCEsin

EPDCCH-PRB-set q configured for that UE in subframe n—k, . If the UE is not configured to monitor
EPDCCH in subframe n-k;, , NECCE’ququ is equal to the number of ECCEs computed assuming EPDCCH-
PRB-set qis configured for that UE in subframe n—k;, . For norma downlink CP, if subframe n—k;, isa
special subframe with special subframe configuration O or 5, NECCE,q,n—kil is equal to 0. For extended downlink
CP, if subframe n—k, isaspecia subframe with special subframe configuration O or 4 or 7, NECCE,q,n—kil is
equal to 0. For asubframe nwith M =1 and atransmission mode that supports up to two transport blocks on

the serving cell where the corresponding PDSCH transmission occurs, the PUCCH resource né,{),CCH, ju1 1S
given by

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1
1p) _ (e1)
Nejccy = nECCE,q +1+ Z NECCE,q,n—k,l + AARo + NPUCCH,q
i1=0

- if EPDCCH-PRB-set is configured for localized transmission

_ n m-1
@p) _ ECCE, ECCE, ' (e1)
nPU%CH = { N ECCEC,‘q J ’ NRB T+1+ Z NECCE,q,n—kil +n +AARo + NPUCCH,q
RB i1=0
- for aPDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s)
n-k, where ke K onthe secondary cell, the value of n,(;BCCH]j , and the value of né,{),CCH, o1 fora

subframenwith M =2 or for asubframenwith M =1 and atransmission mode on the secondary cell that
supports up to two transport blocksis determined according to higher layer configuration and Table 10.1.2.2.1-
2. TheTPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode on the secondary cell that supports
up to two transport blocks and a subframe n with M =1, or for asubframe n with M =2, aPUCCH resource

valuein Table 10.1.2.2.1-2 maps to two PUCCH resources (né,lL)JCCHY i nl(:l&CCH, ,-+1) , otherwise, the PUCCH

resource value mapsto asingle PUCCH resource n,(glL)JCCHj . A UE shall assume that the same HARQ-ACK

PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH assignments on the secondary
cell within subframe(s) n—k, where ke K.

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A = 2
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HARQ-ACK(0), HARQ-ACK(1) | n& .o, | b(O)b()
ACK, ACK Qoo | 1.0
ACK, NACK/DTX nPocro | 11
NACK/DTX, ACK nPecur | 01
NACK, NACK/DTX nYocro | 0.0
DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A =3

HARQ-ACK(0), HARQ-ACK (1), HARQ-ACK(2) n&)JCCH b(0)b()

ACK, ACK, ACK Yooz | L1

ACK, ACK, NACK/DTX nYccn 1,0

ACK, NACK/DTX, ACK Yooz | 1.0

ACK, NACK/DTX, NACK/DTX nYoch.o 1,1
NACK/DTX, ACK, ACK nPocnz | 01
NACK/DTX, ACK, NACK/DTX nQocur | 0.1
NACK/DTX, NACK/DTX, ACK Yooz | 0.0

NACK, NACK/DTX, NACK/DTX nYoco | 0.0

DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A =4
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HARQ-ACK (0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n$)-cy, b(0)b(1)
ACK, ACK, ACK, ACK Yoo | 11
ACK, ACK, ACK, NACK/DTX n&)JCCH’Z 1,1
ACK, ACK, NACK/DTX, ACK n&)JCCHD 1,0
ACK, ACK, NACK/DTX, NACK/DTX nS&CCM 1,0
ACK, NACK/DTX, ACK, ACK nS&CCHs 1,1
ACK, NACK/DTX, ACK, NACK/DTX n&)JCCHZ 1,0
ACK, NACK/DTX, NACK/DTX, ACK n&)JCCHD 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX n&)JCCHD 1,1
NACK/DTX, ACK, ACK, ACK nl(Dll)JCCH,l 0,0
NACK/DTX, ACK, ACK, NACK/DTX n&)JCCHZ 0,1
NACK/DTX, ACK, NACK/DTX, ACK nS&CCHs 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX ng&cm1 0,1
NACK/DTX, NACK/DTX, ACK, ACK nﬁ,ll)JCCH,3 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX n&)JCCH’Z 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nﬁ,ﬂcm3 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX n&)JCCHD 0,0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-4: Mapping of subframes on each serving cell to HARQ-ACK(j) for PUCCH format 1b
HARQ-ACK channel selection for TDD with M =2

HARQ-ACK((j)
A
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
The first subframe | The second subframe | The first subframe | The second subframe
4 . .
of Primary cell of Primary cell of Secondary cell of Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and sub-frame n with M > 2
and two configured serving cells, denotes ngL)JCCH,i 0<i < 3asthe PUCCH resource derived from the transmissions

in M downlink or special sub-frames associated with the UL subframen . n,(:ﬂCCH’O and né,lL)JCCH,lare associated

with the PDSCH transmission(s) or a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) on
the primary cell and n,(,lL)JCCH2 and n,(,ldCCH,sare associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
and if thereisa PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected
within the subframe(s) n—k, where ke K,

- thevalue of n,(:ﬂCCH’O is determined according to higher layer configuration and Table 9.2-2.
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for aPDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe N—K_., where k€ K with the DAI valuein the PDCCH equal to'1' (defined in Table 7.3-X)

or aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N— krn , Where

km € K with the DAI value in the PDCCH equal to '1', the PUCCH resource

n,(}dCCH'l = (M primary — m—l)- N.+m-N_,+n + NS, where ¢ isselected from{0, 1, 2, 3}

c+l CCE,m

N, =max{0, |_[NRDE§ ((NS®-c—4)]/36 J 1. where Noeg, isthe
number of the first CCE used for transmission of the corresponding PDCCH in subframe n-k_ and

c+l?

suchthat N, <Ngee, <N

NSy isconfigured by higher layers.

for aPDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe N—K_, where K, € K with the DAI valuein the EPDCCH equal to '1' (defined in Table 7.3-X)
or an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N— km , Where

km € K with the DAI value in the EPDCCH equal to '1', the PUCCH resource is given by

- If EPDCCH-PRB-set qisconfigured for distributed transmission

m-1
® — (e1)
nPUCCH,l - nECCE,q + Z NECCE,q,n—k,l + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set qisconfigured for localized transmission

n m-1

@ _ ECCE,q ECCE,q ! (eD)

Npdcen,1 = \‘ N ECCEa J ’ NRB + Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngoee isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k_,

N é,il)CCH’q for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N ESCE” for EPDCCH-PRB-set qinsubframe n—k_isgivenin subclause 6.8A.1in[3], Nn'is
determined from the antenna port used for EPDCCH transmission in subframe n—k_which is described in
subclause 6.8A.5in[3]. If m=0, A ,., isdetermined from the HARQ-ACK resource offset field in the

DCI format of the corresponding EPDCCH asgivenin Table 10.1.2.1-1. If m>0, A ., isdetermined
from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,, , NECCE,q]n_Iql isequal to

the number of ECCEsin EPDCCH-PRB-set g configured for that UE in subframe n—k,, . If the UE is not
configured to monitor EPDCCH in subframe n—k;, , NECCE’anflql is equal to the number of ECCEs
computed assuming EPDCCH-PRB-set g is configured for that UE in subframen —k;, . For normal downlink
CP, if subframe n—k;, isaspecia subframe with special subframe configuration 0 or 5, NECCE,q]n_Iql is
equal to 0. For extended downlink CP, if subframe n—k, isaspecial subframe with special subframe

configuration 0 or 4 or 7, Ngcee g, iSe€qual t0 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, and
if thereisa PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected within
the subframe(s) n—k, where ke K,

the value of n,(:ﬂCCH’O is determined according to higher layer configuration and Table 9.2-2.
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for aPDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k , where k € K withthe DAI valueinthe PDCCH equal to '1' (defined in Table 7.3-X) or
aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k; , where k; € K
with the DAI value in the PDCCH equal to '1',

- ifthevadueof k issameasthe vaue of an element k'

1
nl(:’L)JCCHl isgiven by nPUCCHl (M'=i2-1)- N, +i2-N_, + Necej +NPUCCH'

where k';,e K", the PUCCH resource

i2?

- otherwise, if thevalue of k issameasthevalue of anelement k5 inset K*, where ke K*(defined

in Table 10.1.3.1-1A), the PUCCH resource n,(:l&CCH 1 isgivenby

nPUCCHl (MA_|3 1) N +i3: Nc+1+nCCE| NIELTCCH’

where M * isthe number of elementsintheset K* defined in Table 10.1.3.1-1A , where ¢ is selected
from{0, 1,2, 3} suchthat N, <ngee; <Ny, N, = max{O, \_[NRDEE ((N2®.c—4)]/36 J}
where NRDé is determined from the primary cell, necg; isthe number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k; , and NF,UCCH , N®cqy » are configured by
higher layers.

for aPDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframen—k, , where k, € K withthe DAI valuein the EPDCCH equal to'1' (defined in Table 7.3-X) or
an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k, , where

k. € K withthe DAI valuein the EPDCCH equal to '1', the PUCCH resource is given by

- If EPDCCH-PRB-set qisconfigured for distributed transmission

i4-1 i5-1
(1) — ’ ’ (el)
Medoons = Meccea + 2 Necoe qni, + 22 Necoean i + Ao + Neveong
i1=0 i1=0

- If EPDCCH-PRB-set qisconfigured for localized transmission

i4-1 i5-1

n

@ ECCEQ |, pJECCE.q ’ (e1)

Nedcer1 = \‘NECCE,qJ NRB +ZNECCEqn K1 ZONECCEqn m+n+A R0+NWCCqu
RB i1=0 i1=

where

- ifthevadueof k issameasthevaueof anindex k',,,where k',e K',then i4=i2and i5=0;

- otherwise, if thevalue of k issame asthevalueof anindex k%, where k%e K*, then i4=M’and
i5=i3;

,and where Ngeoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set g in subframe

n—k , N Slez:CH q for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-

ResourceStartOffset-r1l, Ng ECCE “for EPDCCH-PRB-set qin subframe n— k. isgiven in subclause

6.8A.1in[3], n'isdetermi ned from the antenna port used for EPDCCH transmission in subframe

n—k,whichis described in subclause 6.8A.5in [3]. A'xg N'ecce gni, N’ ocg qnis aredetermined

as described in section 10.1.3.1.
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HARQ-ACK(0) isthe ACK/NACK/DTX response for the PDSCH transmission without a corresponding
PDCCH/EPDCCH. For 1< j<M -1, if aPDSCH transmission with a corresponding PDCCH/EPDCCH

and DAI value in the PDCCH/EPDCCH equal to' j ' or a PDCCH/EPDCCH indicating downlink SPS release
and with DAI value in the PDCCH/EPDCCH equal to ' j ' isreceived, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j) shall be set to DTX.

- Otherwise,

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell, for aPDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in

subframe N— km , Where km € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI valuein the PDCCH equal to either '1' or '2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe N— krn ,where K. € K and for TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either 1’ or '2, the
PUCCH resource nf(:’:BCCH,i = (M - m—l)- N, +m-Ng; +Necem t+ N{)oy » Where ¢ is

primary c+l

selected from {0, 1, 2, 3} suchthat N, <Ngee <Ny,

N, = max{ 0, |_[NRDé (N2®.c—4)]/36 J} , where Nee , isthe number of the first CCE used for

transmission of the corresponding PDCCH in subframe N— km , NéBCCH is configured by higher layers

and for TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, 1 =0 for the corresponding
PDCCH with the DAI value equal to'1'and | =1 for the corresponding PDCCH with the DAI value equal
to'2', and for the primary cell with TDD UL/DL configuration0 i =0 for the corresponding PDCCH.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for aPDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k_,, where k e K andfor TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI valuein the PDCCH equal to either '1' or '2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe n—k_ , where k e K andfor TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or ‘2,

- ifthevaueof k issameasthevaueof anelement k',,, where k',,e K', the PUCCH resource

(2) . . 1 _ o H 1 .
Neuccn, isgiven by nl(?’liCCH,i =(M'-i2-1)- N, +i2-N_,; + Neee y + NI(DJCCH’

i2?

- otherwise, if thevalue of k_issame asthe value of an element ks inset K*, where ke K*(defined

in Table 10.1.3.1-1A), the PUCCH resource n,%ccm isgiven by

@ A . . KA .
Npocer = (M7 —13=1)-Ng +i3-Ngyg + Nocem + Npycen s

where M isthe number of elementsinthe st K”, where ¢ isselected from {0, 1, 2, 3} such that
N. :maX{O,L[NF?E'; -(NSRCB-C—4)]/36J} where N2 isdetermined

fromthe primary cell, n... . isthe number of the first CCE used for transmission of the corresponding

N, < Necem < N

c+l?

A
PDCCH in subframe n—k_,and Njcen» N&cq » are configured by higher layers. Here, for TDD

UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, 1 =0 for the corresponding PDCCH
with the DAI value equal to'1'and 1 =1 for the corresponding PDCCH with the DAI value equal to '2', and
for the primary cell with TDD UL/DL configuration0 i =0 for the corresponding PDCCH.

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell for aPDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe N— km , Where km € K andfor TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI valuein the EPDCCH equal to either '1'or "2' or an EPDCCH indicating downlink SPS

ETSI



3GPP TS 36.213 version 13.0.0 Release 13 260 ETSI TS 136 213 V13.0.0 (2016-05)

release (defined in subclause 9.2) in subframe N— km , Where km € K andfor TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6} the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resourceis given by

- |f EPDCCH-PRB-set qisconfigured for distributed transmission

m-1
0 — (e1)
nPUCCH,i - I’]ECCE,q + Z NECCE,q,n—kil + AARO + NPUCCH,q
i1=0

- |If EPDCCH-PRB-set qis configured for localized transmission

n m-1

1) _ ECCE, ECCE, ! (e1)

nPUCCH,i - L N ECCE(?q J NRB 4+ Z NECCE,q,n—kil +n +AARo + NPUCCH,q
RB i1=0

where Ngeoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k._,

N éfjléCH,q for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-

ril, NE;CE’qfor EPDCCH-PRB-set qinsubframe n—k_isgiveninsubclause 6.8A.1in[3], n'is

determined from the antenna port used for EPDCCH transmission in subframe n—k_ which is described in
subclause 6.8A.5in[3]. If m=0, A ,., isdetermined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as givenin Table 10.1.2.1-1. If m>0, A ,., isdetermined
from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,, , NECCEWFkil isequal to
the number of ECCEsin EPDCCH-PRB-set g configured for that UE in subframe n—k,, . If the UE is not

configured to monitor EPDCCH in subframen—k,, N ECCEqn-k, 1S€qual tothe number of ECCEs
computed assuming EPDCCH-PRB-set q is configured for that UE in subframe n—k, . For normal
downlink CP, if subframe n—k, isaspecia subframe with special subframe configuration O or 5,

NECCEWFkil isequal to 0. For extended downlink CP, if subframe n—k, isaspecia subframe with special

subframe configuration 0 or 4 or 7, NECCE,q]n_kil isequal to 0. Here, for TDD UL/DL configuration of the

primary cell belongingto {1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value equal to '1'
and i =1 for the corresponding EPDCCH with the DAI value equal to '2', and for the primary cell with
TDD UL/DL configuration 0 i = Ofor the corresponding EPDCCH.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell
for aPDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe N— krn , where km € K andfor TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI valuein the EPDCCH equal to either '1' or '2' or an EPDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe N — km , Where km € K and for TDD UL/DL configuration

of the primary cell belonging to { 1,2,3,4,6} the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resourceis given by

- If EPDCCH-PRB-set qisconfigured for distributed transmission

i4-1 i5-1
@ — (e1)
r]PUCCH,i - nECCE,q + Z NECCE,q,n—K'l + Z NECCE,q,n—K’i + AARO + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set qisconfigured for localized transmission
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n i4-1 i5-1
(1 _ ECCEq | pnJECCE.q ' (e)
nPUCCH,i - \‘ N ECCE,q J NRB + ;) NECCE,q,n—ki'l + ;) NECCE,q,n—k@ +Nn+ AARO + NPUCCH,q
RB 1= 1=

where

- ifthevadueof k  issameasthevalueof anindex k',,where k',e K', then i4=i2;

i2?
- otherwise, if thevalueof k_ issameasthevalueof anindex k%, where ke K*, then i4=i3;

,and where Ngeoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe

n-k., Né,fjl)CCH’q for EPDCCH-PRB-set q isconfigured by the higher layer parameter pucch-

ResourceStartOffset-r11, N RE,,;: “F9for EPDCCH-PRB-set q in subframe N— K., isgivenin subclause

6.8A.1in[3], n'isdetermined from the antenna port used for EPDCCH transmission in subframe

n—k,which is described in subclause 6.8A.5in[3].. A'jn, NECCE‘q,n_k.il NECCEqu(_A are determined

asdescribed in section 10.1.3.1. Here, for TDD UL/DL configuration of the primary cell belonging to
{1,2,34,6} i =0 for the corresponding EPDCCH with the DAI valueequal to'1'and i =1 for the
corresponding EPDCCH with the DAI value equal to '2', and for the primary cell with TDD UL/DL
configuration 0 i = Ofor the corresponding EPDCCH.

- For 0<j<M -1 and TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, if aPDSCH

transmission with a corresponding PDCCH/EPDCCH and DAI value in the PDCCH/EPDCCH equa to
"j +1' or aPDCCH/EPDCCH indicating downlink SPS release and with DAI value in the PDCCH/EPDCCH

equal to ' j +1'isreceived, HARQ-ACK(j) isthe corresponding ACK/NACK/DTX response; otherwise

HARQ-ACK(j) shall beset to DTX. For 0< j <M -1 and the primary cell with TDD UL/DL configuration

0, if aPDSCH transmission with a corresponding PDCCH/EPDCCH or a PDCCH/EPDCCH indicating
downlink SPS releaseis received, HARQ-ACK(0) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

For Secondary cell:

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe N—K_ , where K., € K withthe DAI valuein the PDCCH equal to either '1' or '2',
the PUCCH resources néﬂCCH,i = (M 1)- N.+m-N_,

N, =max{0,| [N2 - (N2®.c—-4)]/36 |},

@ ,
primary — M= +Ncem + Npyoen » where ¢ is

selected from {0, 1, 2, 3} suchthat N, <ng, <N

c+l7
where NRDé is determined from the primary cell, n..,, isthe number of the first CCE used for transmission

of the corresponding PDCCH in subframe n—k,, N, isconfigured by higher layers, i =2 for the
corresponding PDCCH with the DAI value equal to '1'and i =3 for the corresponding PDCCH with the DAI
value equal to 2'.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
aPDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe N—K, , where K, € K with the DAI valuein the PDCCH equal to either '1' or '2',

- ifthevadueof Kk issameasthevalueof anelement k',,, where k';,e K', the PUCCH resource né,l&CCHj

isgivenby NGcqy; =(M'—i2-1)- N +i2-N

i2?

o .
o1 T Nocem T Npocen »

- otherwise, if thevalue of k_issame asthe value of an element k5 inset K*, where ke K*(defined in
Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter
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subframeAssignment), the PUCCH resource néﬂccw is given by

(2) A . KA .
Npdccni = (M7 =13=1)-Ng +13- Ngyy + Nocem + Npycen

where M * isthe number of elementsintheset K” definedin Table 10.1.3.1-1A , where ¢ is selected from
{0,1,2,3 sichthat N, <nee < Noy, N, =max{0,| [N2L (NP .c-4)]/36 |} where N2

is determined from the primary cell, n... . isthe number of the first CCE used for transmission of the

corresponding PDCCH in subframe n-k_,, and N;fUACCH , NS&cch » are configured by higher layers. Here,

i =2 for the corresponding PDCCH with the DAI value equal to '1'and i =3 for the corresponding PDCCH
the DAI value in the PDCCH equal to either '1' or 2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the

primary cell in subframe N—K, , where K, € K with the DAI valuein the PDCCH equal to either '1' or '2',
the PUCCH resources are given by

- If EPDCCH-PRB-set qisconfigured for distributed transmission

m-1
1) — (e1)
nPUCCH,i - nECCE,q + Z NECCE,q,n—k‘l + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set qisconfigured for localized transmission

n m-1

(1) _ ECCE,q ECCE,q E ' (e1)

nPUCCH,i - \‘ N ECCE,q J ' NRB + NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngoce isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPBDCCH-PRB-set qin subframe n—-k_, N éfjl)CCH,q

for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-ril ,

N §§°E'q for EPDCCH-PRB-set qinsubframe n—Kk isgiveninsubclause 6.8A.1in[3], N'isdetermined from
the antenna port used for EPDCCH transmission in subframe n—k_ which is described in subclause 6.8A.5in
[3.1f m=0, A, isdetermined fromthe HARQ-ACK resource offset field in the DCI format of the

corresponding EPDCCH asgivenin Table 10.1.2.1-1. If m>0, A ., isdetermined from the HARQ-ACK
resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—k,, N EccEqn-k, IS€qual tothe number of ECCEsin

EPDCCH-PRB-set g configured for that UE in subframe n—k;, . If the UE is not configured to monitor
EPDCCH in subframen—k,, N EccE,qn-k, |Se€qual to the number of ECCEs computed assuming EPDCCH-
PRB-set qisconfigured for that UE in subframen—k;, . For norma downlink CP, if subframe n—k;, isa
specia subframe with special subframe configuration0 or 5, NECCE,q,n—kil isequal to 0. For extended
downlink CP, if subframe n—k, isaspecial subframe with special subframe configuration O or 4 or 7,
NECCE’anfIql isequal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to '1' and

i =3 for the corresponding EPDCCH with the DAI value equal to 2.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
aPDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the

primary cell in subframe N—K_ , where K., € K withthe DAI valuein the PDCCH equal to either '1' or '2',
the PUCCH resources are given by

- |f EPDCCH-PRB-set qisconfigured for distributed transmission
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i4-1 i5-1
W / / : (e
Medeoni = Necceq + 2 Necee a2 Necce qn it Ao + Nidong
i1=0 i1=0

- If EPDCCH-PRB-set qisconfigured for localized transmission

n i4-1 i5-1
1) _ ECCEq |, ECCE,q ’ ’ ' ’ (e1)
r’|PUCCH,i - \‘ N ECCE,q J NRB + NECCE,q,n—K’l + Z NECCE,q,n—kfl\ N+ AARO + NPUCCH,q
RB i1=0 i1=0
where

- ifthevdueof k  issameasthevalueof anindex k',,, where k',e K', then i4=i2;
- otherwise, if thevalueof k_ issameasthevalueof anindex k%, where ke K*, then i4=i3;

and where Ngeee,, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set g in subframe N— km ,

N éfjl)CCH,q for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-ril

, N EECE’q for EPDCCH-PRB-set qin subframe N—K_ isgiveninsubclause 6.8A.1in[3], n'isdetermined
from the antenna port used for EPDCCH transmission in subframe n—k_ which is described in subclause

6.8A.5In[3]. A'sy, N'eccegnoi,, N

ECCE qnk/ are determined as described in subclause 10.1.3.1. For
4 N=Kjp

extended downlink CP, if subframe n—k, isaspecia subframe with specia subframe configuration O or 4 or

7, NECCE,q,n—kil
i =3 for the corresponding EPDCCH with the DAI value equal to 2'.

isequal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to 1" and

for aPDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within the
subframe(s) n—k, where ke K on the secondary cell, the value of nl(D:BCCH,Z and né,l&CCHB is determined

according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource val ues from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH

assignments on the secondary cell within subframe(s) n—k, where ke K .

For 0< j<M -1, if aPDSCH transmission with a corresponding PDCCH/EPDCCH and DAI valuein the
PDCCH/EPDCCH equal to ' j +1' isreceived, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit b(0),b(1) on

PUCCH resource nét@CH for p mapped to antenna port p using PUCCH format 1b according to subclause 5.4.1in
[3] where

n,(,t%éH = né,l&CCH insub-frame N for p mapped to antennaport p, where"any" in Tables 10.1.3.2-5, and

10.1.3.2-6 represents any response of ACK, NACK, or DTX. The value of p(0),b(1) and the PUCCH resource

néﬂCCH are generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4

respectively.

nét%éH for antenna port p, , where nét%éH selected from PUCCH resources, né,tﬁc%w configured by higher

layerswhere 0<i <3 according Tables10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively by replacing
NS ccn With NSRY, and replacing NS cq; with NSRL,., where "any” in Tables 10.1.3.2-5, and 10.1.3.2-

6 represents any response of ACK, NACK, or DTX, when the UE is configured with two antenna port
transmission for PUCCH format 1b with channel selection.
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Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M =3

Primary Cell Secondary Cell Resource | Constellation ﬁ]'\glﬁol??ites

HARQ-ACK(0), HARQ-ACK (0),

HARQ-ACK(1), HARQ-ACK(1), NScen b(0),b(1) 0(0),0(1), 0(2),0(3)

HARQ-ACK(2) HARQ-ACK(2)

ACK, ACK, ACK ACK, ACK, ACK n&)JCCH,1 1,1 11,11
ACK, ACK, NACK/DTX ACK, ACK, ACK n&)JCCH,1 0,0 1,011
ACK, NACK/DTX, any ACK, ACK, ACK n&)JCCH,3 1,1 0,1,1,1

NACK/DTX, any, any ACK, ACK, ACK nS&CCHB‘ 0,1 0,0,1,1

ACK, ACK, ACK ACK, ACK, NACK/DTX ”gt)JCCH,o 1,0 11,10
ACK, ACK, NACK/DTX | ACK, ACK, NACK/DTX nlg-l)JCCHB 1,0 1,0,1,0
ACK, NACK/DTX, any | ACK, ACK, NACK/DTX n&)JCCH,O 0,1 0,1,1,0

NACK/DTX, any, any | ACK, ACK, NACK/DTX n&)JCCH,3 0,0 0,0,1,0

ACK, ACK, ACK ACK, NACK/DTX, any n&)JCCHZ 1,1 1,1,0,1
ACK, ACK, NACK/DTX | ACK, NACK/DTX, any n&)JCCHz 0,1 1,0,0,1
ACK, NACK/DTX, any | ACK, NACK/DTX, any n&)JCCHz 1,0 0,1,0,1

NACK/DTX, any, any ACK, NACK/DTX, any nl(Dll)JCCH,z 0,0 0,0,0,1

ACK, ACK, ACK NACK/DTX, any, any n&)JCCH,1 1,0 1,1,0,0
ACK, ACK, NACK/DTX | NACK/DTX, any, any n&)JCCH,1 0,1 1,0,0,0
ACK, NACK/DTX, any | NACK/DTX, any, any n&)JCCH,O 1,1 0,1,0,0

NACK, any, any NACK/DTX, any, any | n&ccio 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0
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Primary Cell Secondary Cell Resource | Constellation b COd.e
Input Bits
HARQ-ACK(0), HARQ-ACK(0),
HARQ-ACK(1), HARQ-ACK(1),
A A ey | OB | 0(0),0(),0(2),0(3)
HARQ-ACK(3) HARQ-ACK(3)
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, NACK/DTX nl(Dll)JCCH 1 1,1 1,1,1,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, NACK/IDTX | Ny q 0,0 1,011
ACK, DTX, DTX, DTX ACK, ACK, ACK, NACKIDTX | NSy s 1,1 0,1,1,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACKIDTX | NS5 1,1 0,1,1,1
NACK/DTX, any, any, any ACK, ACK, ACK, NACKIDTX | N cpy 4 0,1 0,0,1,1
(ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, ACK, ACK, ACK, NACK/DTX | n®)ccyi3 0,1 0,0,1,1
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, ACK, NACK/DTX, any | NS0 1,0 1,1,1,0
ACK, ACK, NACK/DTX, any ACK, ACK, NACK/DTX, any | N s 1,0 1,0,1,0
ACK, DTX, DTX, DTX ACK, ACK, NACK/DTX, any | i 0,1 0,1,1,0
ACK, ACK, ACK, ACK ACK, ACK, NACK/IDTX, any | N~cpi0 0,1 0,1,1,0
NACK/DTX, any, any, any ACK, ACK, NACK/DTX, any n|(=>ll)JCCH 3 0,0 0,0,1,0
(ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, ACK, ACK, NACK/DTX, any né,l)JCCH 3 0,0 0,0,1,0
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, DTX, DTX, DTX NS e 1,1 1,101
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK nSecn 2 1,1 1,101
ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX nl(gll)JCCH 2 0,1 1,0,0,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, ACK NSccr o 0,1 1,001
ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX NSccr o 1,0 0,1,0,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK nS&CCHz 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX nﬁ,ﬂcm2 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK nﬁ,ﬂcm2 1,0 0,1,0,1
NACK/DTX, any, any, any ACK, DTX, DTX, DTX I‘ll(jll)JCQ_L2 0,0 0,0,0,1
NACK/DTX, any, any, any ACK, ACK, ACK, ACK ng&CCH 2 0,0 0,0,0,1
(ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, ACK, DTX, DTX, DTX NS e 0,0 0,0,0,1
DTX) '
(ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, ACK, ACK, ACK, ACK NSccr o 0,0 0,001
DTX) '
ACK, ACK, ACK, NACK/DTX NACK/DTX, any, any, any n&)JCCH 1 1,0 1,1,0,0
(ACK, NACK/DTX, any, any), 1
ACK, ACK, ACK, NACK/DTX except for (g%% DTX, DTX, nI(Dl)JCCH,l 1,0 1,1,0,0
ACK, ACK, NACK/DTX, any NACK/DTX, any, any, any n&)JCCH 1 0,1 1,0,0,0
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(ACK, NACK/DTX, any, any),

ACK, ACK, NACK/DTX, any except for (g%li) DTX, DTX, nI(Dll)JCCH,l 0,1 1,0,0,0

ACK, DTX, DTX, DTX NACK/DTX, any, any, any nl(Dll)JCCH 0 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), 1

ACK, DTX, DTX, DTX except for (g%li) DTX, DTX, n,(DL)JCCHVO 1,1 0,1,0,0

ACK, ACK, ACK, ACK NACK/DTX, any, any, any nl(Dll)JCCH 0 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), 1

ACK, ACK, ACK, ACK except for (g%lé) DTX, DTX, n,(DL)JCCHVO 1,1 0,1,0,0

NACK, any, any, any NACK/DTX, any, any, any ng&CCH 0 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), 1

NACK, any, any, any except for (g%li) DTX, DTX, nl(Dt)JCCH,O 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), 1

except for (g%lé) DTX, DTX, NACK/DTX, any, any, any né&CCHp 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), (ACK, NACK/DTX, any, any), 1

except for (g%}i) DTX, DTX, except for (g%li) DTX, DTX, nl(Dt)JCCH,O 0,0 0,0,0,0

DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0

(ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transmission 0,0,0,0

DTX)
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10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

If aUE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, thenK'=K wheretheset K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration” in the table refers to the higher layer parameter
subframeAssignment), and M 'is the number of elementsinset K'.

If aUE is configured with one serving cell, or if a UE is configured with more than one serving cells and the UL/DL
configuration of all serving cellsis same, then in therest of this subclause K isasdefinedin Sec 10.2,and M isthe
number of elementsintheset K.

If aUE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refersto K, (asdefined in subclause 10.2) , and M isthe number of elementsinthe set K .

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame n with M >1 and more than one

configured serving cell, where M is the number of elementsintheset K, the UE shall use PUCCH resource n,(,ﬁ?CH

or néll@CH for transmission of HARQ-ACK in subframe n for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_, where k e K, and for aTDD UL/DL configuration of the primary cell
belonging to { 1,2,3,4,5,6} the DAl value in the PDCCH is equal to '1' (defined in Table 7.3-X), or

- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where
k,e K, andforaTDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAl valuein
the PDCCH isequal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource N2, with
NGl =(M =m=1)- N +m- Ny, + Neee n + NSee for antennaport pg, where N, is

configured by higher layers, ¢ isselected from{0, 1,2, 3} suchthat N, <n., <N

c+l’

Ng = max{o, \_[N,% (NRB. c—4)]/36j} ,and Nece , isthe number of the first CCE used for
transmission of the corresponding PDCCH in subframe n—k., where k_e K . When two antenna port

transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; isgiven

Lp)  _ A@Po)
by Ngicen = Npocen +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_ , where k e K, andfor aTDD UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAI valuein the PDCCH isequal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_ , where
k,e K, andforaTDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAl valuein
the PDCCH isequal to '1',

- the UE shall use PUCCH format 1a/1b, and

- ifthevaueof k_ issameasthevalueof anelement k',,, where k', K', the PUCCH resource

1p P 1p ' : 1 .
nl(juré)CH isgiven by nl(DU'():)CH = (M —|2—l)- Nc +i2- Nc+l+ nCCE,m + N}(DJCCH )

- otherwisg, if the value of k. issame asthe value of an element Ig’; inset K*, where
k4 e K*(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the higher
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layer parameter subframeAssignment), the PUCCH resource né,t?CH isgiven by

(p) _ A . KA ]
Negcen = (M _|3_1)' Nc +13- Nc+1+ nCCE,m + NPUCCH )

where M # isthe number of elementsintheset K* defined in Table 10.1.3.1-1A ,where ¢ is
selected from {0, 1, 2, 3} suchthat N, <N. <N

c+l

N, = max{ 0, I_[NRDé ‘(NS .c-4)]/36 J } where Npg is determined from the primary
cell, Ny, isthe number of thefirst CCE used for transmission of the corresponding PDCCH in
subframe n—k_,, and N§UACCH , NS cen » are configured by higher layers. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; is

: 1p LB
givenby Nedy = Miged +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_, where k e K, and foraTDD UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAI valuein the EPDCCH isequa to'1l' (defined in Table 7.3-X), or

for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_ , where
k,e K, andforaTDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAl valuein
the EPDCCH isequal to '1',

- the UE shall use PUCCH format 1a&/1b and PUCCH resource ng};@w given by

If EPDCCH-PRB-set qisconfigured for distributed transmission

m-1

1p) _ (e1)
Nedcen = Necceg Z NECCE,q,n—k‘l +Apo + NPUCCH,q
i1=0

If EPDCCH-PRB-set qis configured for localized transmission

m-1

- n
Lp) _ ECCE,q ECCE,q ' (e1)
Negeen = \‘ N ECCE.q J NRB + § : NECCE,q,n—kil +Nn +AARO + NPUCCH,q
RB

i1=0

where Ngccgq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe n-k_, N éT}E:CH,q for EPDCCH-PRB-set qis configured by the higher layer parameter

pucch-ResourceStartOffset-r1l, N 5°59for EPDCCH-PRB-set qinsubframe n—k_ isgivenin

subclause 6.8A.1in[3], N'isdetermined from the antenna port used for EPDCCH transmission in
subframe n—k_ which isdescribed in subclause 6.8A.5in[3].If mM=0, A, isdetermined from

the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin
Table10.1.2.1-1. If m>0, A ,., isdetermined from the HARQ-ACK resource offset field in the

DCI format of the corresponding EPDCCH as givenin Table 10.1.3.1-2. If the UE is configured to
monitor EPDCCH in subframe n-k;, , NECCE’anflql is equal to the number of ECCEsin

EPDCCH-PRB-set g configured for that UE in subframe n-—k;, . If the UE is not configured to
monitor EPDCCH in subframen—k,, N EccEqn-k, 1S€qual to the number of ECCEs computed
assuming EPDCCH-PRB-set g is configured for that UE in subframe n—k, . For normal downlink
CP, if subframe n—k;, isaspecial subframe with special subframe configuration 0 or 5,
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NECCE’anflql isequal to 0. For extended downlink CP, if subframe n—k, isaspecia subframe with
special subframe configuration O or 4or 7, N ECCE qn-k, IS €qual to 0. When two antenna port

transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p, is

. 1p 1P
given by nl(DUFé%H = néu%o():H +1.
- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_, where k e K, and foraTDD UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAl value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or

- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where
k,e K,andforaTDD UL/DL configuration of the primary cell belongingto {1,2,3,4,5,6} the DAI valuein
the EPDCCH isequal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource ng{;@w given by

- if EPDCCH-PRB-set qisconfigured for distributed transmission

i4-1 i5-1
,p) _ ’ ’ ’ (e1)
nPUCCH - nECCE,q + ;) NECCE,q,n—k,-’l + 12; NECCE,q,n—k,-ﬁ + AARO + NPUCCH,q
11= 11=!

- if EPDCCH-PRB-set is configured for localized transmission

i n i4-1 i5-1

@p) _ ECCEq |, ECCE,q ’ ’ ' ’ (e1)

r’|PUCCH - \‘ N ECCE,q J NRB + ;) NECCE,q,n—k{l + ;) NECCE,q,n—ki’i N+ AARO + NPUCCH,q
RB il= il=

where

- ifthevaueof k  issameasthevalueof anindex k', where k',e K', then i4=i2;
- otherwise, if thevalueof k_ issameasthevalueof anindex k%, where ke K*, then i4=i3;

and where Ngeoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe N—K.,, N Sf,l)CCH,q for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ril , NFEgCE‘q for EPDCCH-PRB-set ¢ in subframe

n— krn isgivenin subclause 6.8A.1in[3], N'isdetermined from the antenna port used for

EPDCCH transmission in subframe n—k_ whichis described in subclause 6.8A.5in[3]. A',q,

N'ecce gk, , N ECCE ks &€ determined as described in section 10.1.3.1. When two antenna

port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port

- 1p 1,5
p, isgivenby NS, =nSRl +1.

- for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, the UE shall use PUCCH format 1a/1b and
PUCCH resource néll@CH with the value of nét@CH is determined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH

resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource n(PlL‘J%éH for
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L)

antennaport pg and the second PUCCH resource Ng\cc, for antennaport pq, otherwise, the PUCCH

(L.1)

resource value maps to asingle PUCCH resource Ng-, for antennaport pg.

- for M>1 and

- for aPDSCH transmission only on the primary cell where thereis not a corresponding PDCCH detected
within subframe(s) n—k, where ke K ‘and

for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k e K withthe DAI vauein the PDCCH equal to

'1' (defined in Table 7.3-X), or

for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_,
where k e K with the DAI valuein the PDCCH equal to '1',

- the UE shall transmit b(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource

n% .., Selectedfrom A PUCCH resources Ny).c,,; where 0<i < A—1, accordingto Table
10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a

transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- If the UE isnot configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource néBCCHYO is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n® is determined as

PUCCH,1
NSecns =(M =m=1)- N, +m- N, + N + NSy where NS, is configured by
higher layers, ¢ isselected from{0, 1,2, 3} suchthat N <n... <N

c+l’
NC:max{O,\_[N,%-(NS'EB-C—4)]/36J} ,and Nece , isthe number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k., where k_e K .

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource n% is determined according to higher layer configuration

PUCCH,0

and Table 9.2-2. The PUCCH resource n® is determined as

PUCCH,1

- ifthevalueof k issameasthevaueof anelement k',,, where k', e K', the PUCCH

i2?

resource NS, isgivenby &y, =(M'—i2-1)- N  +i2- N, + Neee y + NSen s

- otherwise, if thevalue of k_issameasthevalueof anelement k% inset K*, where
ki’ge K *(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the
higher layer parameter subframeAssignment), the PUCCH resource né,lL),CCqu isgiven by

(1) A . KA .
NegccH1 = (M7 =i3-1)-Ng +i3- Ny + Necgm + Npycch »

where M * isthe number of elementsintheset K”* defined in Table 10.1.3.1-1A , where
c isselected from{0, 1, 2, 3} suchthat N, <N, <N,
N, =max{0,| [N2: - (N%®.c-4)]/36 |}, Necem 1S the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k_, and N o, N8, . are
configured by higher layers.
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For a UE configured with a transmission mode that supports up to two transport blocks on the primary

cell, the PUCCH resource n$).,,, isdeterminedas n%) .., , = e, +1-HARQ-ACK(0) isthe

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1)
isthe ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of
a corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is
equal to '1' or for the PDCCH indicating downlink SPS release for which the value of the DAI field in
the corresponding DCI format is equal to '1'. HARQ-ACK(2) isthe ACK/NACK/DTX response for the
second transport block of the PDSCH indicated by the detection of a corresponding PDCCH for which
the value of the DAI field in the corresponding DCI format is equal to '1'.

- for M>1 and

- for aPDSCH transmission only on the primary cell where there is not a corresponding EPDCCH detected
within subframe(s) n—k, where ke K and

for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n-k_, where k e K with the DAI valuein the EPDCCH equal

to'1' (defined in Table 7.3-X), or

for an additional EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n—k,where k_ e K withthe DAI valuein the EPDCCH equal to 'L,

- the UE shall transmit p(0),b(1) insubframe n using PUCCH format 1b on PUCCH resource

n% .., Selectedfrom A PUCCH resources N&).c,; where 0<i < A—1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- If the UE isnot configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource n&),,, isdetermined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n,‘jﬂcml is determined as

- If EPDCCH-PRB-set qis configured for distributed transmission

m-1

€ — (e1)

nPUC(:H,l - I’]ECCE,q + Z NECCE,q,n—kil + AARO + NPUCCH,q
i1=0

- |If EPDCCH-PRB-set qisconfigured for localized transmission

n m-1

1) _ ECCE,q ECCE,q E ' (e1)

r]PUCCH,l - \‘ N ECCE,q J ) NRB + NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngcegq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set
ginsubframe n-k_,, N é,il)CCH,q for EPDCCH-PRB-set qis configured by the higher layer
parameter pucch-ResourceStartOffset-ril, NES“59for EPDCCH-PRB-set qin subframe
n—k_isgivenin subclause 6.8A.1in[3], N'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_ which isdescribed in subclause 6.8A.5in [3]. If
Mm=0, A,z isdetermined fromthe HARQ-ACK resource offset field in the DCI format

of the corresponding EPDCCH asgivenin Table 10.1.2.1-1. If m>0, A, isdetermined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH
asgivenin Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n-—k,,
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Necce gnk, 1Sequal to the number of ECCEsin EPDCCH-PRB-set qconfigured for that
UE in subframe n-—k;, . If the UE is not configured to monitor EPDCCH in subframen—k,, ,
NECCE,q,n—kil is equal to the number of ECCEs computed assuming EPDCCH-PRB-set qis
configured for that UE in subframen — k., . For normal downlink CP, if subframe n—k, isa
special subframe with special subframe configuration O or 5, NECCE,q,n—kil is equal to 0. For
extended downlink CP, if subframe n—k, isaspecia subframe with special subframe

configuration O or 4 or 7, NECCE,q’n_kil isequal to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource né,lleCHvo is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource n&

buccry 1S determined as

- If EPDCCH-PRB-set qisconfigured for distributed transmission

i4-1 i5-1
o _ / ’ ’ (1)
r]PUCCH,i - nECCE,q + Z NECCE,q,n—K'l + Z NECCE,q,n—K’i + AARO + NPUCCH,q
i1=0 i1=0

- |f EPDCCH-PRB-set qisconfigured for localized transmission

i4-1 i5-1

’ ’ 1 ’ (e]_)
- NECCE,q,n—Iq’1 + 'Zl N atn+ AARO +N
1=l

n® | Mecceg . NESCEa |
PUCCH,i — N ECCEd RB ECCE,qn-k? PUCCH,q
RB

il=
where

- if thevalue of K is same as the value of an index kiz,where Kip€ K , then i4=i2;

ek

A
- otherwiseg, if the value of K is same as the value of an index Ka , where hen

- andwhere Ngcoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct
the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-
set qinsubframe N—K_, N é,fjlz:CH,q for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-r11 , NREé: CE9 for EPDCCH-PRB-set gin

subframe N— km isgivenin subclause 6.8A.1in[3], n'isdetermined from the antenna port
used for EPDCCH transmission in subframe n—k_which is described in subclause 6.8A.5in

[38. A'sro, N'eccegnok, , N'ECCE,q,n_k,g\ are determined as described in section 10.1.3.1.

- For aUE configured with a transmission mode that supports up to two transport blocks on the

primary cell, the PUCCH resource N, , isdetermined as ni)ecy, = Neen ., +1.HARQ-

ACK(0) isthe ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH
detected. HARQ-ACK (1) isthe ACK/NACK/DTX response for the first transport block of the
PDSCH indicated by the detection of a corresponding EPDCCH for which the value of the DAI
field in the corresponding DCI format is equal to 1" or for the EPDCCH indicating downlink SPS
release for which the value of the DAL field in the corresponding DCI format isequal to '1'.
HARQ-ACK(2) isthe ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding EPDCCH for which the value of the DAI field in the
corresponding DCI format isequal to '1'".

- for M>1 and
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- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k_,where k e K withthe DAI valuein the PDCCH greater than "1’ (defined in Table 7.3-X),

or

- for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where k e K
with the DAI value in the PDCCH greater than '1', or

- for M =9 andfor aPDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k_e K withthe DAl vauein the PDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k , where
ke K with the DAI value equal to '1', or

- for M =9 andfor aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k.,where k e K withthe DAI valuein the PDCCH equal to ‘1’ (defined in Table 7.3-X) not being the

first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAI value equal to ',

- the UE shall use PUCCH format 3 and PUCCH resource NG, wherethe valueof NSPL. is
determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in a PDCCH
assignment with DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1’, not
being the first PDCCH/EPDCCH assignment in subframe(s) n—k, where ke K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four PUCCH resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume
that the same HARQ-ACK PUCCH resource valueis transmitted on all PDCCH assignments used to
determine the PUCCH resource values within the subframe(s) n—k, where ke K .

- for M>1 and

- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH
insubframe n-k, where k_e K withthe DAI valuein the EPDCCH greater than "1’ (defined in Table

7.3-X), or

- for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_ , where
k,e K withthe DAI valuein the EPDCCH greater than '1', or

- for M =9 andfor aPDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n-k_, where k e K withthe DAI vauein the EPDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k , where
ke K with the DAI value equal to '1', or

- for M =9 and for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,, where k_e K withthe DAI valuein the EPDCCH equal to ‘1’ (defined in Table 7.3-X) not being

the first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAl value equal to ‘1,

- the UE shall use PUCCH format 3 and PUCCH resource né,ﬁ@CH where the value of né,ﬁ@CH is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the HARQ-ACK resource
offset field in the DCI format of the corresponding EPDCCH assignment with DAI value greater than '1'
or with DAI value equal to ‘1’ (defined in Table 7.3-X), not being the first PDCCH/EPDCCH assignment
in subframe(s) n—k, where ke K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four PUCCH resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the sasme HARQ-ACK PUCCH
resource value is transmitted on all EPDCCH assignments used to determine the PUCCH resource values
within the subframe(s) n—k, where ke K.
- If the UL/DL configurations of all serving cells are the same, for aPDSCH transmission on the secondary cell
indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where ke K, the
UE shall use PUCCH format 3 and PUCCH resource N&:PL,, wherethevalueof N&,2., isdetermined

PUCCH
according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the corresponding
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PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For TDD UL/DL configurations 1-
6, if aPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, ora
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K, is
detected, the TPC field in the PDCCH with the DAI value greater than '1' or with DAI value equal to ‘1, not
being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAI value equal to
'1' (defined in Table 7.3-X), shall be used to determine the PUCCH resource value from one of the four resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignmentsin the primary cell and in
each secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where
ke K. For TDD UL/DL configurations 1-6, if an EPDCCH corresponding to a PDSCH on the primary cell
within subframe(s) n—k, where ke K, or an EPDCCH indicating downlink SPS release (defined in subclause
9.2) within subframe(s) n—k, where ke K, is detected, the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH assignment with the DAI value greater than '1' (defined in Table 7.3-X) or
with DAI value equal to ‘1’, not being the first PDCCH/EPDCCH transmission in subframe(s) n—k , where

ke K with the DAI value equal to '1', shall be used to determine the PUCCH resource value from one of the
four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall
assume that the ssme HARQ-ACK PUCCH resource value is transmitted on all EPDCCH assignmentsin the
primary cell and in each secondary cell that are used to determined the PUCCH resource value within the
subframe(s) n—k, where ke K.

- If the UL/DL configurations of at least two serving cells are different, for aPDSCH transmission on the
secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where

ke K, the UE shall use PUCCH format 3 and PUCCH resource né,fjg)(}, where the value of né,fjg)m is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource val ue from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For aUL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if aPDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, or aPDCCH indicating
downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K , is detected, the TPC
field in the PDCCH with the DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1’
not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same
HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in each
secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where

ke K. For aUL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if
an EPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, or an
EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K,
is detected, the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH assignment
with the DAI value greater than '1' or with DAI value equal to ‘1’, not being the first PDCCH/EPDCCH
transmission in subframe(s) n—k, where ke K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. A UE shall assume that the sasme HARQ-ACK PUCCH resource valueis
transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k, where ke K .

- For PUCCH format 3 and PUCCH resource né,fjg)(}, and a UE configured for two antenna port transmission, a
PUCCH resource valuein Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
néfjg’c)H for antennaport py and the second PUCCH resource né,fjg%H for antennaport pq, otherwise, the
PUCCH resource value maps to a single PUCCH resource n(Pfjgf’C)H for antennaport pg.

10.1.3.2.3 PUCCH format 4 HARQ-ACK procedure

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 4 and codebooksi zeDeter mination-
r13 = 1isdescribed in section 10.1.3.2.3.1.
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TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 4 and codebooksi zeDeter mination-
r13 = O isdescribed in section 10.1.3.2.3.2.

10.1.3.2.3.1 PUCCH format 4 HARQ-ACK procedure without adaptive codebook

The procedure in this subclause applies to a UE configured with PUCCH format 4 and codebooksizeDeter mination-r13
=1

If aUE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, thenK'=K wheretheset K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration” in the table refers to the higher layer parameter

subframeAssignment), and M 'is the number of elementsinset K'.

If aUE is configured with more than one serving cells and the UL/DL configuration of all serving cellsis same, thenin
therest of thissubclause K isasdefinedin Sec 10.2, and M isthe number of elementsintheset K.

If aUE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refersto K, (asdefined in subclause 10.2) , and M isthe number of elementsinthe set K .

For TDD HARQ-ACK transmission with PUCCH format 4 and sub-frame n with M >1 and more than one

configured serving cell, where M is the number of elementsintheset K, the UE shall use PUCCH resource nﬁfbggm

or né,ll)@CH for transmission of HARQ-ACK and scheduling request (if any) and periodic CSI (if any) in subframe n
for p mapped to antenna port p where

- If the UE isnot configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_ , where k e K, andforaTDD UL/DL configuration of the primary cell
belonging to { 1,2,3,4,5,6} the DAI valuein the PDCCH isequal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_ , where
k,e K, andforaTDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAl valuein
the PDCCH isequal to '1,

- the UE shall use PUCCH format 1a&/1b and PUCCH resource né,ll)@CH with
né,t%éH =(M-m-1)- N, +m-N_, +Neee  + N)eey for antennaport p,, where N8, is

configured by higher layers, ¢ isselected from{0, 1,2, 3} suchthat N, <n., <N

c+l’

N, = max{o, L[N% (N2B.c—-4)]/36 J} ,and Nece , isthe number of the first CCE used for
transmission of the corresponding PDCCH in subframe n—-k., where k_e K . When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; isgiven
by ngb%éH = nlgtbgéH +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_ , where k e K, andfor aTDD UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or

- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where
k,e K,andforaTDD UL/DL configuration of the primary cell belongingto {1,2,3,4,5,6} the DAI valuein
the PDCCH isequal to '1,

- the UE shall use PUCCH format 1a/1b, and

- ifthevaueof Kk issameasthevalueof anelement k'

1Lp . . 1,p o H 1 .
né’UF():)CH isgiven by nI(DU’()?)CH =(M'-i2-1)- N, +i2-N_,; + Nece + ngleCH ;

.»» where k',,e K", the PUCCH resource
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- otherwisg, if thevalue of k. issame asthe value of an element Ig’g inset K*, where

A e K”(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the higher
3

layer parameter subframeAssignment), the PUCCH resource né,lL’,@CH isgiven by

w€p) A : KA .
Nedcen = (M _|3_1)' Nc +13: Nc+l+ nCCE,m + NPUCCH !

where M * isthe number of elementsintheset K” definedin Table 10.1.3.1-1A , where ¢ is
selected from {0, 1, 2, 3} suchthat N, <N, <N

c+l°

N, = max{ 0, L[NF?E'; (N2®.c—4)]/36 J } where NZ% isdetermined from the primary
cell, Ny, isthe number of thefirst CCE used for transmission of the corresponding PDCCH in
subframe n—-k_,, and NPKUACCH , N&ccy » are configured by higher layers. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; is

; @R _ (LB)
given by Medey = NMejec +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_, where k e K, and foraTDD UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAl value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or

for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_ , where
k,e K, andforaTDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAl valuein
the EPDCCH isequal to 'l

- the UE shall use PUCCH format 1a/1b and PUCCH resource n;{;@CH given by

If EPDCCH-PRB-set qisconfigured for distributed transmission

m-1

Lp) _ (e1)
Nodcen = Necceg t Z NECCE,q,n—k‘l + Ao t+ NPUCCH,q
i1=0

If EPDCCH-PRB-set qisconfigured for localized transmission

m-1

= n

ap) _ | "'ecceg ECCE,q ' (e1)

T \‘ N ECCEq J Nrs + Z NECCE,q,n—kil +N+A o + NPUCCH,q
RB i1=0

where Ngccgq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe n-k_, N éf,l)CCH,q for EPDCCH-PRB-set qis configured by the higher layer parameter

pucch-ResourceStartOffset-ril, N5°59for EPDCCH-PRB-set qin subframe n—kisgivenin
subclause 6.8A.1in[3], N'isdetermined from the antenna port used for EPDCCH transmission in
subframe n—k_ which isdescribed in subclause 6.8A.5in[3].If mM=0, A, isdetermined from
the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as givenin
Table10.1.2.1-1. If m>0, A ,., isdetermined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to
monitor EPDCCH in subframe n-k;, , NECCE,q,n—kil is equal to the number of ECCEsin

EPDCCH-PRB-set g configured for that UE in subframe n-—k;, . If the UE is not configured to
monitor EPDCCH in subframen—k,, N EccE,qn-k, 1S€qual to the number of ECCEs computed
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assuming EPDCCH-PRB-set g is configured for that UE in subframe n—k, . For normal downlink
CP, if subframe n-k;, isaspecia subframe with special subframe configuration 0 or 5,

NECCE,q,n—kil isequal to 0. For extended downlink CP, if subframe n—k, isaspecia subframe with
special subframe configurationOor 4or 7, N ECCE qn-k, 1S €qual to 0. When two antenna port

transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p, is

: 1p 15
given by nl(vu%)CH = né,u@éH +1.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_, where k e K, and foraTDD UL/DL configuration of the primary cell

belonging to { 1,2,3,4,5,6} the DAI valuein the EPDCCH isequa to'1l' (defined in Table 7.3-X), or

for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_ , where
k,e K, andforaTDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAl valuein
the EPDCCH isequal to 'l

the UE shall use PUCCH format 1a/1b and PUCCH resource nétgéH given by

- if EPDCCH-PRB-set Jis configured for distributed transmission
i4-1 i5-1

p) _ ’ ’ ’ (e1)
nPUCCH - nECCE,q + Z NECCE,q,n—K’l + Z NECCE,q,n—k‘ﬁ + AARO + NPUCCH,q

11=l 1=l

- if EPDCCH-PRB-set is configured for localized transmission

i n i4-1 i5-1
@p) _| "ecceq | njECCEq ’ , VoA (e1)
Meoceon = { N ECCEq J Neg = + ;} NECCE,q,n—kﬁ + ;} NECCE,q,n—kﬁ TN Ao + NPUCCH"‘
RB 11= 11=!

where

- ifthevdueof k  issameasthevalueof anindex k',,, where k',e K', then i4=i2;
- otherwise, if thevalueof k_ issameasthevalueof anindex k%, where ke K*, then i4=i3;

and where Ngooe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe N—K._., N ,(ﬁ)CCqu for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-r1l, N RE,,;: 59 for EPDCCH-PRB-set g in subframe

n-— km isgivenin subclause 6.8A.1in[3], Nn'isdetermined from the antenna port used for
EPDCCH transmission in subframe n—k_ whichisdescribed in subclause 6.8A.5in[3]. A',qn,
N'ecce gk, , N IECCE,q,n—ki’i are determined as described in section 10.1.3.1. When two antenna
port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port

L 1P 1P
p, isgivenby NG =n&X +1.

for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, the UE shall use PUCCH format 1a/1b and

L.p)

PUCCH resource n(PlL’J@CH with the value of N5~ isdetermined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH
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resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource nét%éH for

antennaport pg and the second PUCCH resource n(PlL’J%)CH for antenna port p,, otherwise, the PUCCH

resource value mapsto asingle PUCCH resource né,lL’,ﬁC“():H for antenna port pg.

- for M>1 and

- for aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and

- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k e K withthe DAI vauein the PDCCH equal to

'1' (defined in Table 7.3-X), or

- for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_,
where k e K withthe DAI vauein the PDCCH equa to '1',

- the UE shall transmit b(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource

n% .., Selectedfrom A PUCCH resources Ny).c,; where 0<i< A—1, accordingto Table
10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a

transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource néBCCHYO is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n),,, isdetermined as

NSecns =(M —=m=1)- N, +m- N, + N + NSy where NS, is configured by
higher layers, ¢ isselected from{0, 1,2, 3} suchthat N <n... <N

c+l’
NC:max{O,\_[N,%-(NS'EB-C—4)]/36J} ,and Nece , isthe number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k., where k_e K .

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource néﬂCCHyo is determined according to higher layer configuration
and Table 9.2-2. The PUCCH resource n® is determined as

PUCCH,1

- ifthevalueof k issameasthevaueof anelement k',,, where k', e K', the PUCCH

i2?

resource n

. o) o - o .
wecndisgivenby Ngiecy, =(M'=12-1)-N_+i2-N_; +Neee o + Npgeen s

- otherwisg, if thevalue of k. issame asthe value of an element Igg inset K#, where
ke K”(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refersto the

higher layer parameter subframeAssignment), the PUCCH resource né,lL),CCqu isgiven by
1 A ; KA
Ndcen = (M#=i3=1)-Ng +i3- Ny +Nocem + Nfcen

where M * isthe number of elementsintheset K” defined in Table 10.1.3.1-1A , Where
c isselected from{0, 1,2, 3} suchthat N <n.. <N

c+l?

N, =max{0, L[NRDBL (NE® -c—4)]/36j} » Neee iSthe number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k_, and N o, N8, . are
configured by higher layers.
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For a UE configured with a transmission mode that supports up to two transport blocks on the primary

cell, the PUCCH resource n$).,,, isdeterminedas n%) .., , = e, +1-HARQ-ACK(0) isthe

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1)
isthe ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of
a corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is
equal to '1' or for the PDCCH indicating downlink SPS release for which the value of the DAI field in
the corresponding DCI format is equal to '1'. HARQ-ACK(2) isthe ACK/NACK/DTX response for the
second transport block of the PDSCH indicated by the detection of a corresponding PDCCH for which
the value of the DAI field in the corresponding DCI format is equal to '1'.

- for M>1 and

- for aPDSCH transmission only on the primary cell where there is not a corresponding EPDCCH detected
within subframe(s) n—k, where ke K and

for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n-k_, where k e K with the DAI valuein the EPDCCH equal

to'1' (defined in Table 7.3-X), or

for an additional EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n—k,where k_ e K withthe DAI valuein the EPDCCH equal to 'L,

- the UE shall transmit p(0),b(1) insubframe n using PUCCH format 1b on PUCCH resource

n% .., Selectedfrom A PUCCH resources N&).c,; where 0<i < A—1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- If the UE isnot configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource n&),,, isdetermined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n,‘jﬂcml is determined as

- If EPDCCH-PRB-set qis configured for distributed transmission

m-1

€ — (e1)

nPUC(:H,l - I’]ECCE,q + Z NECCE,q,n—kil + AARO + NPUCCH,q
i1=0

- |If EPDCCH-PRB-set qisconfigured for localized transmission

n m-1

1) _ ECCE,q ECCE,q E ' (e1)

r]PUCCH,l - \‘ N ECCE,q J ) NRB + NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngcegq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set
ginsubframe n-k_,, N é,il)CCH,q for EPDCCH-PRB-set qis configured by the higher layer
parameter pucch-ResourceStartOffset-ril, NES“59for EPDCCH-PRB-set qin subframe
n—k_isgivenin subclause 6.8A.1in[3], N'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_ which isdescribed in subclause 6.8A.5in [3]. If
M=0, A,z isdetermined fromthe HARQ-ACK resource offset field in the DCI format

of the corresponding EPDCCH asgivenin Table 10.1.2.1-1. If m>0, A, isdetermined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH
asgivenin Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n-—k,,
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Necce gnk, 1Sequal to the number of ECCEsin EPDCCH-PRB-set qconfigured for that
UE in subframe n-—k;, . If the UE is not configured to monitor EPDCCH in subframen—k,, ,
NECCE,q,n—kil is equal to the number of ECCEs computed assuming EPDCCH-PRB-set qis
configured for that UE in subframen — k., . For normal downlink CP, if subframe n—k, isa
special subframe with special subframe configuration O or 5, NECCE,q,n—kil is equal to 0. For
extended downlink CP, if subframe n—k, isaspecia subframe with special subframe

configuration O or 4 or 7, NECCE,q’n_kil isequal to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource né,lleCHvo is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource n&

buccry 1S determined as

- If EPDCCH-PRB-set qisconfigured for distributed transmission

i4-1 i5-1
o _ / ’ ’ (1)
r]PUCCH,i - nECCE,q + Z NECCE,q,n—K'l + Z NECCE,q,n—K’i + AARO + NPUCCH,q
i1=0 i1=0

- |f EPDCCH-PRB-set qisconfigured for localized transmission

i4-1 i5-1

’ ’ 1 ’ (e]_)
- NECCE,q,n—Iq’1 + 'Zl N atn+ AARO +N
1=l

n® | Mecceg . NESCEa |
PUCCH,i — N ECCEd RB ECCE,qn-k? PUCCH,q
RB

il=
where

- if thevalue of K is same as the value of an index kiz,where Kip€ K , then i4=i2;

ek

A
- otherwiseg, if the value of K is same as the value of an index Ka , where hen

- andwhere Ngcoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct
the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-
set qinsubframe N—K_, N é,fjlz:CH,q for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-r11 , ng CE9 for EPDCCH-PRB-set gin

subframe N— km isgivenin subclause 6.8A.1in[3], n'isdetermined from the antenna port
used for EPDCCH transmission in subframe n—k_which is described in subclause 6.8A.5in

[38. A'sro, N'eccegnok, , N'ECCE,q,n_k,g\ are determined as described in section 10.1.3.1.

- For aUE configured with a transmission mode that supports up to two transport blocks on the

primary cell, the PUCCH resource N, , isdetermined as ni)ecy, = Neen ., +1.HARQ-

ACK(0) isthe ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH
detected. HARQ-ACK (1) isthe ACK/NACK/DTX response for the first transport block of the
PDSCH indicated by the detection of a corresponding EPDCCH for which the value of the DAI
field in the corresponding DCI format is equal to 1" or for the EPDCCH indicating downlink SPS
release for which the value of the DAL field in the corresponding DCI format isequal to '1'.
HARQ-ACK(2) isthe ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding EPDCCH for which the value of the DAI field in the
corresponding DCI format isequal to '1'".

- for M>1 and
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- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k_,where k e K withthe DAI valuein the PDCCH greater than "1’ (defined in Table 7.3-X),

or

- for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where k e K
with the DAI value in the PDCCH greater than '1', or

- for M =9 andfor aPDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k_e K withthe DAl vauein the PDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k , where
ke K with the DAI value equal to '1', or

- for M =9 andfor aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k.,where k e K withthe DAI valuein the PDCCH equal to ‘1’ (defined in Table 7.3-X) not being the

first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAI value equal to ',

- the UE shall use PUCCH format 4 and PUCCH resource nétg)CH where the value of ng‘@m is

determined according to higher layer configuration and Table 10.1.2.2.3-1 and the TPC field in a PDCCH
assignment with DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1’, not
being the first PDCCH/EPDCCH assignment in subframe(s) n—k, where ke K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four PUCCH resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume
that the same HARQ-ACK PUCCH resource valueis transmitted on all PDCCH assignments used to
determine the PUCCH resource values within the subframe(s) n—k, where ke K .

- for M>1 and

- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH
insubframe n-k, where k_e K withthe DAI valuein the EPDCCH greater than "1’ (defined in Table

7.3-X), or

- for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_ , where
k,e K withthe DAI valuein the EPDCCH greater than '1', or

- for M =9 andfor aPDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n-k_, where k e K withthe DAI vauein the EPDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k , where
ke K with the DAI value equal to '1', or

- for M =9 and for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,, where k e K withthe DAI valuein the EPDCCH equal to ‘1’ (defined in Table 7.3-X) not being

the first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAl value equal to ‘1,

- the UE shall use PUCCH format 4 and PUCCH resource né,fjg)CH where the value of nﬁfbggm is

determined according to higher layer configuration and Table 10.1.2.2.3-1 and the HARQ-ACK resource
offset field in the DCI format of the corresponding EPDCCH assignment with DAI value greater than '1'
or with DAI value equal to ‘1’ (defined in Table 7.3-X), not being the first PDCCH/EPDCCH assignment
in subframe(s) n—k, where ke K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four PUCCH resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the sasme HARQ-ACK PUCCH
resource value is transmitted on all EPDCCH assignments used to determine the PUCCH resource values
within the subframe(s) n—k, where ke K.

- If the UL/DL configurations of all serving cells are the same, for aPDSCH transmission on the secondary cell
indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where ke K, the

UE shall use PUCCH format 4 and PUCCH resource nﬁfbggm where the value of nﬁfbggm is determined

according to higher layer configuration and Table 10.1.2.2.3-1 and the TPC field in the corresponding
PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
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configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. For TDD UL/DL configurations 1-
6, if aPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, ora
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K, is
detected, the TPC field in the PDCCH with the DAI value greater than '1' or with DAI value equal to ‘1’, not
being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAI value equal to
'1' (defined in Table 7.3-X), shall be used to determine the PUCCH resource value from one of the four resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in
each secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where
ke K. For TDD UL/DL configurations 1-6, if an EPDCCH corresponding to a PDSCH on the primary cell
within subframe(s) n—k, where ke K, or an EPDCCH indicating downlink SPS release (defined in subclause
9.2) within subframe(s) n—k, where ke K, is detected, the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH assignment with the DAI value greater than '1' (defined in Table 7.3-X) or
with DAI value equal to ‘1’, not being the first PDCCH/EPDCCH transmission in subframe(s) n—k , where

ke K withthe DAI value equal to '1', shall be used to determine the PUCCH resource value from one of the
four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall
assume that the ssme HARQ-ACK PUCCH resource value is transmitted on all EPDCCH assignmentsin the
primary cell and in each secondary cell that are used to determined the PUCCH resource value within the
subframe(s) n—k, where ke K.

- If the UL/DL configurations of at least two serving cells are different, for aPDSCH transmission on the
secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where

ke K, the UE shall use PUCCH format 4 and PUCCH resource nétg)CH where the value of ng‘@m is

determined according to higher layer configuration and Table 10.1.2.2.3-1 and the TPC field in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource val ue from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. For aUL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if aPDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, or aPDCCH indicating
downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K , is detected, the TPC
field in the PDCCH with the DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1’
not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where ke K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the same
HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in each
secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where

ke K. For aUL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if
an EPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, or an
EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K,
is detected, the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH assignment
with the DAI value greater than '1' or with DAI value equal to ‘1’, not being the first PDCCH/EPDCCH
transmission in subframe(s) n—k, where ke K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.3-1. A UE shall assume that the sasme HARQ-ACK PUCCH resource valueis
transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k, where ke K .

10.1.3.2.3.2 PUCCH format 4 HARQ-ACK procedure with adaptive codebook

The procedure in this subclause applies to a UE configured with PUCCH format 4 and codebooksizeDetermination-r13
=0.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, thenK'=K wheretheset K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration" in the table refers to the higher layer parameter
subframeAssignment), and M 'is the number of elementsinset K'.

If aUE is configured with more than one serving cells and the UL/DL configuration of all serving cellsis same, thenin
therest of thissubclause K isasdefinedin Sec 10.2, and M isthe number of elementsintheset K.
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If aUE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refers to KC (as defined in subclause 10.2) , and M isthe number of elementsinthe set K .

For TDD HARQ-ACK transmission with PUCCH format 4 and sub-frame n with M >1 and more than one
configured serving cell, where M isthe number of elementsin theset K, the UE shall use PUCCH resource ng‘@m
or nSjELH or né,ll)@CH for transmission of HARQ-ACK and scheduling request (if any) and periodic CSI (if any) in
subframe n for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_, where k e K, and both the counter DAI value and the total DAI valuein the

PDCCH are equal to '1' (defined in Table 7.3.2.1-1), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_ , where
k., € K, and both the counter DAI value and the total DAI valuein the PDCCH are equal to 'L,

- the UE shall use PUCCH format 1a/1b and PUCCH resource N2, with
NG, =(M =m=1)- N +m- Ng,; + Neee n + NSee for antennaport pg, where N, is
configured by higher layers, ¢ isselected from{0, 1,2, 3} suchthat N, <n., <N

c+l’
N. = { DL ,nRB , :

c=max|0,| [Ngg - (Ng;~-c—4)]/36 | ,and Ne,, isthe number of the first CCE used for
transmission of the corresponding PDCCH in subframe n—k,, where k_e K . When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; isgiven

Lp)  _ A@Po)
by Ngicen = Npocen +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-k_,where k e K, and both the counter DAI value and the total DAI valuein the

PDCCH are equal to '1' (defined in Table 7.3.2.1-1), or
- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_ , where

k, € K, and both the counter DAI value and the total DAI valuein the PDCCH are equal to 'L,

- the UE shall use PUCCH format 1a/1b, and

- ifthevaueof k_ issameasthevalueof anelement k',,, where k', K', the PUCCH resource

1p P 1p ' : 1 .
néUE)CH isgiven by nl(DU'():)CH = (M —|2—l)- Nc +i2- Nc+l+ nCCE,m + N}(DJCCH )

- otherwisg, if thevalue of k. issame asthe value of an element Ig’g inset K*, where

k% e K*(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the higher
layer parameter subframeAssignment), the PUCCH resource né,{;@CH isgiven by

w€p) A : KA .
Nedcen = (M _|3_1)' Nc +13: Nc+l+ nCCE,m + NPUCCH !

where M # isthe number of elementsintheset K” definedin Table 10.1.3.1-1A , where ¢ is
selected from {0, 1, 2, 3} suchthat N, <Nge , <N,

N, = max{ 0, I_[NRDé ‘(NS .c-4)]/36 J } where Npgg is determined from the primary
cell, Ny, isthe number of thefirst CCE used for transmission of the corresponding PDCCH in
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subframe n—-k_,, and N§UACCH , NS ey » are configured by higher layers. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; is
given by NEZey = Mgty +1

- If the UE isnot configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_, where k e K, and both the counter DAI value and the total DAI valuein the

EPDCCH are equa to '1' (defined in Table 7.3.2.1-1), or
- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where

k, e K, and both the counter DAI value and the total DAI value in the EPDCCH are equal to ‘1,

- the UE shall use PUCCH format 1a/1b and PUCCH resource n&f:)CH given by

- |f EPDCCH-PRB-set qisconfigured for distributed transmission

m-1
Lp) _ (e1)
nF’UCCH - nECCE,q + Z NECCE,q,n—k‘1 + AARO + NPUCCH,q
i1=0

- |If EPDCCH-PRB-set qis configured for localized transmission

_ n m-1

) ECCEq ECCE.q ' (e1)

Nejecn = { N ECCEq J NRB + Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngccgq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin
subframe n-k_, N é‘f}’CCH,q for EPDCCH-PRB-set qis configured by the higher layer parameter
pucch-ResourceStartOffset-r1l, N 5°59for EPDCCH-PRB-set qinsubframe n—k, isgivenin

subclause 6.8A.1in[3], N'isdetermined from the antenna port used for EPDCCH transmission in
subframe n—k_whichisdescribed in subclause 6.8A.5in[3].If mM=0, A,,, isdetermined from
the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table10.1.2.1-1. If m>0, A ,., isdetermined from the HARQ-ACK resource offset field in the

DCI format of the corresponding EPDCCH as givenin Table 10.1.3.1-2. If the UE is configured to
monitor EPDCCH in subframe n-k;, , NECCE’q,,qu is equal to the number of ECCEsin

EPDCCH-PRB-set g configured for that UE in subframe n-—k;, . If the UE is not configured to
monitor EPDCCH in subframen—k,, N EccEqn-k, |Sequal to the number of ECCEs computed
assuming EPDCCH-PRB-set g is configured for that UE in subframe n—k, . For normal downlink
CP, if subframe n—k;, isaspecial subframe with special subframe configuration 0 or 5,

NECCE’q,,qu isequal to 0. For extended downlink CP, if subframe n—k, isaspecia subframe with
special subframe configurationO or 4or 7, N ECCE qn-k, IS €qual to 0. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p; is

; wp) _ ,@ho)
givenby Nyl = Npgey +1.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_, where k e K, and both the counter DAI value and the total DAI vauein the

EPDCCH are equa to '1' (defined in Table 7.3.2.1-1), or
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- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where

k, e K, and both the counter DAI value and the total DAI value in the EPDCCH are equal to ‘1,

- the UE shall use PUCCH format 1a/1b and PUCCH resource n;{;@CH given by

- if EPDCCH-PRB-set qisconfigured for distributed transmission

i4-1 i5-1
,p) _ ’ ’ ’ (e1)

nPUCCH - nECCE,q + ;) NECCE,q,n—k,-’l + 12; NECCE,q,n—k,-ﬁ + AARO + NPUCCH,q

i1= i

- if EPDCCH-PRB-set is configured for localized transmission

i n i4-1 i5-1
@p) _ ECCEq |, ECCE,q ’ ’ ' ’ (e1)
r’|PUCCH - \‘ N ECCE,q J NRB + ~ NECCE,q,n—k{l + ;) NECCE,q,n—ki’i N+ AARO + NPUCCH,q
RB 11= 1=

where

- ifthevadueof k  issameasthevalueof anindex k',,where k',e K', then i4=i2;
- otherwise, if thevalueof k_ issameasthevalueof anindex k%, where ke K*, then i4=i3;

and where Ngeoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe N— krn , N é,f,l)CCH,q for EPDCCH-PRB-set qis configured by the higher layer

parameter pucch-ResourceStartOffset-ril , NFEgCE‘q for EPDCCH-PRB-set ¢ in subframe
n— krn isgivenin subclause 6.8A.1in[3], N'isdetermined from the antenna port used for
EPDCCH transmission in subframe n—k_ whichisdescribed in subclause 6.8A.5in[3]. A’
N'ecce gk, , N lECCE,q,n—k,‘i are determined as described in section 10.1.3.1. When two antenna

port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port

- 1p 1,5
p, isgivenby NS, =nSRl +1.

for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where ke K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, the UE shall use PUCCH format 1a/1b and
PUCCH resource né,ll)@CH with the value of nét@CH is determined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH
resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource nét%éH for

antennaport py and the second PUCCH resource n&ﬁéH for antenna port p,, otherwise, the PUCCH
resource val ue maps to a single PUCCH resource né,h%éH for antenna port pg.

for M >1 and

- for aPDSCH transmission only on the primary cell where thereis not a corresponding PDCCH detected
within subframe(s) n—k, where ke K ‘and

- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k_e K with both the counter DAI value and the total

DAI valuein the PDCCH equal to '1' (defined in Table 7.3.2.1-1), or

- for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_,
where ke K with both the counter DAI value and the total DAI value in the PDCCH equal to ‘1,
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the UE shall transmit b(0),b(1) insubframe n using PUCCH format 1b on PUCCH resource

n®

oy Selected from A PUCCH resources n&iccm where 0<i < A-1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource néﬂCCHYO is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n$).,,, isdetermined as

NSecns =(M =m=1)- N, +m- N, + N + NSy where N8y, is configured by
higher layers, ¢ isselected from{0, 1, 2, 3} suchthat N, <n... <N,

Ng = max{o, L[N% (NZB. c—4)]/36J} ,and Nece , isthe number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k., where k e K.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource néﬂCCHyo is determined according to higher layer configuration
and Table 9.2-2. The PUCCH resource n® is determined as

PUCCH,1

- ifthevaueof k_issameasthevalueof anelement k', where k',,e K", the PUCCH

i2?

resource nl(:BCCH,l is given by nl(rldccul =(M'-i2-1)- N, + i2: N, + Necem NS}CCH ;

- otherwisg, if thevalueof k_ issame asthe value of an element K§ inset K”, where

ke K*(defined in Table 10.1.3.1-1A, where "UL/DL configuration" in the table refersto the
higher layer parameter subframeAssignment), the PUCCH resource nI(D:BCCH,l isgiven by

[6h) A . . KA .
Npgcer = (M7 =i3=1)- N +i3-Ngyy + Necgm + Npycen

where M ? isthe number of elementsintheset K” defined in Table 10.1.3.1-1A , where
c isselected from{0, 1, 2, 3} suchthat N, <N, <N,

N, =max{0,| [N2: - (N%®.c-4)]/36 |}, Necem 1S the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k_, and NS e NOooy » are

configured by higher layers.

For a UE configured with a transmission mode that supports up to two transport blocks on the primary
cell, the PUCCH resource n&),, isdetermined as n&)cey , = NSeen ., +1-HARQ-ACK(0) isthe

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1)
isthe ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of
acorresponding PDCCH for which the value of both the counter DAI field and total DAI field in the
corresponding DCI format is equal to "1’ or for the PDCCH indicating downlink SPS release for which
the value of both the counter DAI field and total DA field in the corresponding DCI format is equal
to 'l HARQ-ACK(2) isthe ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding PDCCH for which the value of both the counter DAI
field and the total DAL field in the corresponding DCI format is equal to '1'".

- for M>1 and

- for aPDSCH transmission only on the primary cell where there is not a corresponding EPDCCH detected
within subframe(s) n—k, where ke K and
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- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n—k_, where k_e K with both the counter DAI value and the

total DAI valuein the EPDCCH equal to '1' (defined in Table 7.3.2.1-1), or

- for an additional EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,, where k_e K with both the counter DAI value and the total DAI value in the EPDCCH equal to

g

- the UE shall transmit b(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource

n®

PUCCH

selected from A PUCCH resources n&iccm where 0<i < A—1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on
the primary cell, the PUCCH resource né,lleCHvo is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n$)

buccr1 1S determined as

If EPDCCH-PRB-set qis configured for distributed transmission

m-1
O] — (e1)
nPUCCH,l - nECCE,q + Z NECCE,q,n—k,l + AARo + NPUCCH,q
i1=0

If EPDCCH-PRB-set qisconfigured for localized transmission

n m-1

® _ | Meccegq ECCE,q ' (el)

Npdcery = { N ECCE J “Nge + 2 , NECCE,q,n—ki1 +NH+A jo + NPUCCH,q
RB i1=0

where Ngcegq isthe number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set

ginsubframe n-k_,, N Sf,l)CCH,q for EPDCCH-PRB-set qis configured by the higher layer
parameter pucch-ResourceStartOffset-r1l, N 5°°59for EPDCCH-PRB-set qin subframe
n—k_isgivenin subclause 6.8A.1in[3], N'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_ which isdescribed in subclause 6.8A.5in [3]. If
m=0, A,z isdetermined fromthe HARQ-ACK resource offset field in the DCI format

of the corresponding EPDCCH asgivenin Table 10.1.2.1-1. If m>0, A, isdetermined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH
asgivenin Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,,

Necee gnk, 1Sequal to the number of ECCEsin EPDCCH-PRB-set gconfigured for that
UE insubframe n—k;, . If the UE is not configured to monitor EPDCCH in subframen—k;, ,
NECCE,q,n—kil is equal to the number of ECCEs computed assuming EPDCCH-PRB-set qis
configured for that UE in subframen — k., . For normal downlink CP, if subframe n—k, isa
special subframe with special subframe configuration O or 5, NECCE’anfIql is equal to 0. For
extended downlink CP, if subframe n—k, isaspecia subframe with special subframe

configuration O or 4 or 7, NECCE,q,n—kil isequal to 0.
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If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource né,lleCHvo is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource n&

boccr s 1S determined as

- 1f EPDCCH-PRB-set Jis configured for distributed transmission

i4-1 i5-1
® — ’ ’ ’ (e1)
r]PUCCH,i - nECCE,q + Z NECCE,q,n—K'l + Z NECCE,q,n—K’i + AARO + NPUCCH,q
i1=0 i1=0

- |f EPDCCH-PRB-set qisconfigured for localized transmission

i4-1 i5-1

n
1) _ ECCEq |. ECCE g ’ 2 : ’ ' ’ (e1)
Neuccni _{ J Nrg + . NECCE,q,n—K'l + ~ NECCE,q,n—K’i N Ao + NPUCCH,q
i1=!

ECCE q
Ngs =

where

_ ifthevalueof Km issame asthe value of an index ki2,where Kip€ K ,then 14=12;

ek

A
- otherwiseg, if the value of K is same as the value of an index Ka , where hen

- andwhere Ngcoe, isthe number of the first ECCE (i.e. lowest ECCE index used to construct

the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-

set qinsubframe N—K_, N éfjl)CCH,q for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-r11 , ng CE9 for EPDCCH-PRB-set gin
subframe N— km isgivenin subclause 6.8A.1in[3], n'isdetermined from the antenna port
used for EPDCCH transmission in subframe n—k_which is described in subclause 6.8A.5in

[38. A'so, N'eccegnok, , N ECCE gk &€ determined as described in section 10.1.3.1.

For a UE configured with a transmission mode that supports up to two transport blocks on the
primary cell, the PUCCH resource N, , isdetermined as ni)ecy, = ey, +1.HARQ-

ACK(0) isthe ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH
detected. HARQ-ACK (1) isthe ACK/NACK/DTX response for the first transport block of the
PDSCH indicated by the detection of a corresponding EPDCCH for which the value of both the
counter DAI field and the total DAI field in the corresponding DCI format is equal to '1' or for the
EPDCCH indicating downlink SPS release for which the value of both the counter DAI field and
the total DAI field in the corresponding DCI format is equal to '1. HARQ-ACK(2) isthe
ACK/NACK/DTX response for the second transport block of the PDSCH indicated by the
detection of a corresponding EPDCCH for which the value of both the counter DAI field and the
total DAI field in the corresponding DCI format is equal to '1'.

- if aPDSCH transmission isindicated by the detection of a corresponding PDCCH/EPDCCH in subframe
n—k. ., where k e K with either the counter DAI value or the total DAI value in the PDCCH greater than '1'

(defined in Table 7.3.2.1-1) on the primary cell, or

- if aPDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) is detected in subframe
n—k. ., where k e K with either the DAI value or the total DAI value in the PDCCH greater than '1' on the

primary cell, or

- if aPDSCH transmission isindicated by the detection of a corresponding PDCCH/EPDCCH in subframe
n—Kk ,where ke K onasecondary cell,
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if the total number of HARQ-ACK bits 0*** and scheduling request bit O (if any) and periodic CSI bits
O, oy (if any) ismore than 22, the UE shall use PUCCH format 4 and PUCCCH resource né,fjg)CH where

the value of néﬁg():H is determined according to higher layer configuration and Table 10.1.2.2.3-1. Denote
C asthe set of configured serving cellsfor the UE. Denote Ko iSthesmalest valuein U K_ such

ceC

that PDCCH/EPDCCH scheduling PDSCH or indicating DL SPS release is detected in subframe
N—Kg gieq ONServing cell € and Ko € Ki. The TPC field in a PDCCH/EPDCCH scheduling

PDSCH or indicating downlink SPSrelease in subframe N— kmm onaservingcell C satisfying

Kermies € K, shall be used to determine the PUCCH resource val ue from one of the four resource values

configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the
same HARQ-ACK PUCCH resource vaue is transmitted on any PDCCH/EPDCCH scheduling PDSCH or

indicating downlink SPSreleasein subframe N—Kg . ONany servingcell C satisfying Ky e € Ko -

if the total number of HARQ-ACK bits 0** and scheduling request bit O (if any) and periodic CSl bits
O,y (if any) isno more than 22, the UE shall use PUCCH format 3 and PUCCCH resource néf;g)CH

where the value of né,?;@CH is determined according to higher layer configuration and Table 10.1.2.2.2-1.

Denote C asthe set of configured serving cells for the UE. Denote K, g iSthe smallest valuein
U K. such that PDCCH/EPDCCH scheduling PDSCH or indicating DL SPSrelease i's detected in
ceC

subframe N—Kg e ONServing cell € and Ky oq € Kz . The TPC field in a PDCCH/EPDCCH
scheduling PDSCH or indicating downlink SPSreleasein subframe N—K, 4 ONaservingcel C

satisfying Kggeq € K¢ shall be used to determine the PUCCH resource value from one of the four

resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall
assume that the same HARQ-ACK PUCCH resource value is transmitted on any PDCCH/EPDCCH

scheduling PDSCH or indicating downlink SPSrelease in subframe N—Kg . ONany serving cell C

satisfying Kq e € Ko - If @UE is configured for two antenna port transmission for PUCCH format 3, a

PUCCH resource valuein Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
nsjg’c)H for antennaport py and the second PUCCH resource nsjg&H for antennaport pq, otherwise, the

PUCCH resource value maps to a single PUCCH resource néﬁg‘gH for antennaport pg.

10.1.3.2.4 PUCCH format 5 HARQ-ACK procedure

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 5 and codebooksi zeDeter mination-
r13 = 1isdescribed in section 10.1.3.2.4.1.

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 5 and codebooksi zeDeter mination-
r13 = Oisdescribed in section 10.1.3.2.4.2.

10.1.3.2.4.1 PUCCH format 5 HARQ-ACK procedure without adaptive codebook

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause
10.1.3.23.1, by replacing N&EL withnGEL

10.1.3.2.4.2 PUCCH format 5 HARQ-ACK procedure with adaptive codebook

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause
10.1.3.2.3.2, by replacing NGEL, with n&PL
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10.1.3A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 2

A UE isconfigured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for
transmission of HARQ-ACK.

For aserving cell, if the serving cell is frame structure type 1, and a UE is not configured to monitor PDCCH/EPDCCH
in another serving cell for scheduling the serving cell, set K isdefined in Table 10.1.3A-1, otherwise set K is defined
inTable 10.1.3.1-1.

PUCCH format 1b with channel selection is not supported if a UE is configured with more than two serving cells, or if
the DL-reference UL/DL configuration 5 (as defined in subclause 10.2) is defined for any serving cell, or if the DL-
reference UL/DL configuration of a serving cell with frame structure type 1 belongsto {2, 3, 4} and the UE is not
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell.

If aUE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell and is configured
with PUCCH format 3 without PUCCH format 4/5 configured, the UE is not expected to be configured with more than
two serving cells having DL-reference UL/DL configuration 5.

If aUE is configured to use PUCCH format 1b with channel selection for HARQ-ACK transmission, for the serving
cells,

- if morethan 4 HARQ-ACK bitsfor M multiple downlink and special subframes associated with asingle UL
subframe n, where M isasdefined in subclause 10.1.3.2.1 for case where the UE is configured with two
serving cells with different UL/DL configurations,

- gpatidd HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed
for each serving cell by alogical AND operation of all the corresponding individual HARQ-ACKs, and the
bundled HARQ-ACK bits for each serving cell is transmitted using PUCCH format 1b with channel
selection,

- otherwise,

- gpatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH
format 1b with channel selection.

If aUE is configured to use PUCCH format 3 without PUCCH format 4/5 configured for HARQ-ACK transmission, for
the serving cells,

- if morethan 21 HARQ-ACK bitsfor M multiple downlink and special subframes associated with asingle UL
subframe n, where M asdefined in subclause 10.1.3.2.2 for the case of UE configured with more than one
serving cell and if at least two cells have different UL/DL configurations,

- spatial HARQ-ACK bundling across multiple codewords within a downlink or specia subframeis performed
for each serving cell by alogical AND operation of all of the corresponding individual HARQ-ACKSs, and
PUCCH format 3 is used,

- otherwise,

- gpatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH
format 3.

- UE shall determine the number of HARQ-ACK bits, 0, associated with an UL subframe n according to
Neais
0= ZOCACK where N2% isthe number of configured cells, and O/*“" isthe number of HARQ-bits for
c=1
the c-th serving cell defined in subclause 7.3.4. If aUE is not configured to monitor PDCCH/EPDCCH in

another serving cell for scheduling a serving cell with frame structure type 1, and the DL -reference UL/DL

configuration of the serving cell belongsto {2, 3, 4, 5}, then the UE is not expected to be configured with NC%HS

whichresultin O> 21.

HARQ-ACK transmission on two antennaports (pe [ pg, py]) issupported for PUCCH format 3.
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HARQ-ACK transmission on two antennaports (pe [ pg, pyl) issupported for PUCCH format 1b with channel
selection and with two configured serving cells.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 1b with channel selection follows the HARQ-
ACK procedure described in subclause 10.1.3.2.1 for the case of UE configured with two serving cells with different
UL/DL configurations, and for PUCCH format 3/4/5 follows the HARQ-ACK procedure described in subclause
10.1.3.2.2/10.1.3.2.3/10.2.3.2.4 for the case of UE configured with more than one serving cell and if at least two cells
have different UL/DL configurations.

Table 10.1.3A-1: Downlink association set K : {ky,k;, --ky_;} for FDD-TDD and serving cell frame
structure type 1

DL-reference UL/DL Subframe n

Configuration 0|1 2 3 4 |5]|6 7 8 9
0 - 6,5 5,4 4 - |- 6,5 54 |4
1 - |- 7,6 6,54 - - |- 7,6 6,54
2 - |- 8,7,6,54 - - | -[-]8,7,6,5,4 - -
3 - [ - 11,10,9,8,7,6 6,5 54]-]- - - -
4 - |- 12,11,10,9,8,7 7,6,54] - |-]- - - -
5 -|-1181211,10,9,8,7,6,5,4 - - -1 - - -
6 - - 8,7 7,6 6,5 |- | - 7 7,6,5 | -

10.1.4 HARQ-ACK Repetition procedure

HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher
layers. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor N ANRep where

N ANRep 1S Provided by higher layers and includes the initial HARQ-ACK transmission, until HARQ-ACK
repetition is disabled by higher layers. For a PDSCH transmission without a corresponding PDCCH/EPDCCH
detected, the UE shall transmit the corresponding HARQ-ACK response N\, times using PUCCH resource

nét@CH configured by higher layers. For a PDSCH transmission with a corresponding PDCCH/EPDCCH detected,

or for aPDCCH/EPDCCH indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-
ACK response once using PUCCH resource derived from the corresponding PDCCH CCE index or EPDCCH
ECCE index (as described in subclauses 10.1.2 and 10.1.3), and repeat the transmission of the corresponding
HARQ-ACK response Npyge, —1  timesalways using PUCCH resource n&,"c)CH, ANRep » Where n&,"c)CH, ANRep IS

configured by higher layers.

HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD,
HARQ-ACK repetition is only applicable for HARQ-ACK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for
two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value
néll)‘gCH’ ANRep Mapsto two PUCCH resources with the first PUCCH resource nét’é“éH, ANRep TOr antennaport [,

and the second PUCCH resource néll;%)CH’ ANRep fOr @ntennaport pq, otherwise, the PUCCH resource value maps to

asingle PUCCH resource n&@éH, ANRep TOr antennaport po.
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10.1.5 Scheduling Request (SR) procedure

A UE isconfigured by higher layers to transmit the SR on one antenna port or two antenna ports.
The scheduling request shall be transmitted on the PUCCH resource(s) né,t‘f:)CH = néh'(’:)CH’SRl for p mapped to

antenna port p as defined in [3], where né’llf:)CH,SRl is configured by higher layers unless the SR coincidesin time

with the transmission of HARQ-ACK using PUCCH Format 3/4/5 in which case the SR is multiplexed with HARQ-
ACK according to subclause 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity SRpegiopicry @d

SR subframe offset Noprger s 1S defined in Table 10.1.5-1 by the parameter sr-Configindex | o, given by higher
layers.

SR transmission instances are the uplink subframes satisfying
(10>< N¢ +| Ns/ 2|~ Nogrser.sr ) mod SReeriopicity =0

Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index | SR periodicity (ms) | SR subframe offset
| ReeriopiciTy Norrser sk
0-4 5 | &
5-14 10 l&-5
15-34 20 l—15
3574 40 Il —35
75-154 80 l—75
155 — 156 2 | & —155
157 1 | & —157
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10.2  Uplink HARQ-ACK timing

For TDD or for FDD-TDD and primary cell frame structure type 2 or for FDD-TDD and primary cell frame structure
type 1, if a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell, “UL/DL configuration” of the
serving cell in subclause 10.2 refersto the UL/DL configuration given by the parameter eimta-HARQ-ReferenceConfig-
r12 for the serving cell unless specified otherwise.

For FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH
transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-
ACK response in subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in
subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is hot repeating
the transmission of any HARQ-ACK in subframe n corresponding to a PDSCH transmission in subframes

n_NANRep_3! ..., h=5,the UE:

- shal transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe
n-4) on PUCCH in subframes n, n+1, ..., n+ Nanze — 10

- shall not transmit any other signal/channel in subframes n, n+1, ..., N+ Ny, —1; @d

- shal not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmissionin
subframes n—3, ..., N+ N,pe —5-

For TDD and a UE configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, if the UE is
configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of al the configured serving cells is the same, the DL-reference UL/DL configuration for a serving cell is
the UL/DL configuration of the serving cell.

For FDD-TDD and primary cell frame structure type 1, if a serving cell is a secondary serving cell with frame structure
type 2, the DL -reference UL/DL configuration for the serving cell isthe UL/DL configuration of the serving cell.

For TDD, if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if aserving cell isa primary cell, then the primary cell UL/DL configuration is the DL-reference
UL/DL configuration for the serving cell.

For FDD-TDD and primary cell frame structure type 2, if aserving cell isaprimary cell or if aserving cell isa
secondary cell with frame structure type 1, then the primary cell UL/DL configuration is the DL-reference UL/DL
configuration for the serving cell.

For TDD and if the UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations and if the UE is not configured with hargTimingTDD = TRUE and if aserving cell isa
secondary cell, or for FDD-TDD and primary cell frame structure type 2 and if the UE is not configured with
hargTimingTDD = TRUE and if aserving cell is a secondary cell with frame structure type 2

- if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongsto Set 1 in
Table 10.2-1 or

- if the UE isnot configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set
20r Set3inTable 10.2-1 or

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongsto Set 4 or
Set5in Table 10.2-1

then the DL -reference UL/DL configuration for the serving cell is defined in the corresponding Set in Table 10.2-1.

For TDD and if the UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations and if the UE is configured with hargTimingTDD = TRUE and if a serving cell is a secondary
cell, or for FDD-TDD and primary cell frame structure type 2 and if the UE is configured with hargTimingTDD =
TRUE and if aserving cell isa secondary cell with frame structure type 2

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongsto Set 1 or
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Set 4 or Set 5in Table 10.2-1, then the DL -reference UL/DL configuration for the serving cell is defined in the
corresponding Set in Table 10.2-1;

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and then the primary cell UL/DL configuration isthe DL-reference UL/DL configuration for the serving cell.

For a UE not configured with PUCCH format 4 or PUCCH format 5, for TDD and if a UE is configured with more than
one serving cell and if at least two serving cells have different UL/DL configurations or for FDD-TDD and primary cell
frame structure type 2, if the DL-reference UL/DL configuration for at least one serving cell isTDD UL/DL
Configuration 5, then the UE is not expected to be configured with more than two serving cells.

For TDD and a UE not configured with EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is configured
with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations of all
serving cellsis same, then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k, where
ke K and K isdefinedin Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, transmit the HARQ-ACK responsein UL subframe n.

For a UE not configured with hargTimingTDD = TRUE, for TDD and if a UE is configured with more than one serving
cell and if at least two serving cells have different UL/DL configurations, or if a UE is configured with EIMTA-
MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and if a
serving cell ¢ isframe structure type 2, then the UE shall upon detection of a PDSCH transmission within subframe(s)

n—k for servingcell ¢, where Ke K. intended for the UE and for which HARQ-ACK response shall be provided,

transmit the HARQ-ACK response in UL subframe n, wherein set KC contains valuesof K e K such that subframe n-

k correspondsto a DL subframe or a special subframe for serving cell ¢ , where DL subframe or special subframe of
serving cell ¢ isaccording to the higher layer parameter el mta-HARQ-ReferenceConfig-ri2 if the UE is configured
with the higher layer parameter EIMTA-MainConfigServCell-r12 for servingcell ¢; K definedin Table 10.1.3.1-1
(where "UL/DL configuration™ in Table 10.1.3.1-1 refers to the "DL-reference UL/DL configuration") is associated
with subframe n.

For a UE configured with harqTimingTDD = TRUE, for TDD and if a UE is configured with more than one serving cell
and if at least two serving cells have different UL/DL configurations, or for FDD-TDD and primary cell frame structure
type 2 and if aserving cell ¢ isframe structure type 2,

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell ¢

then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢, where
ke KC intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK

responsein UL subframe n, whereinset K contains values of K e K such that subframe n-k correspondsto a

DL subframe or a special subframe for serving cell ¢, where K isdefined in Table 10.1.3.1-1 (where "UL/DL
configuration” in Table 10.1.3.1-1 refers to the "DL-reference UL/DL configuration™) is associated with
subframe n.

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell
c, then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢,

where ke K. intended for the UE and for which HARQ-ACK response shall be provided, transmit the

HARQ-ACK responsein UL subframe n, wherein set KC contains values of K e K such that subframe n-k

corresponds to a DL subframe or a special subframe for serving cell ¢, where K isdefined in Table 10.1.3A-1
(where"UL/DL configuration” in Table 10.1.3A-1 refersto the "DL-reference UL/DL configuration™) is
associated with subframe n.

For FDD-TDD and primary cell frame structure type 2, if aserving cell ¢ isframe structure type 1 and a UE is not
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell ¢ , then the UE shall
upon detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢, where ke K_, K_ =K and
K isdefined in Table 10.1.3A-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit
the HARQ-ACK response in subframe n.

For FDD-TDD and primary cell frame structure type 2, if aserving cell ¢ isframe structuretype 1 and aUE is
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling serving cell ¢, then the UE shall upon
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detection of a PDSCH transmission within subframe(s) n—k for servingcell ¢, where ke K., K, =K and Kis

defined in Table 10.1.3.1-1, intended for the UE and for which HARQ-ACK response shall be provided, transmit the
HARQ-ACK response in subframe n, where "UL/DL configuration” in Table 10.1.3.1-1 refersto the "DL-reference
UL/DL configuration" of serving cell c .

For TDD, if HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission within subframe(s) n—k,
where ke K and K isdefinedin Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe n corresponding to a
PDSCH transmission in adownlink or special subframe earlier than subframe n—k , the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in

subframen—k) on PUCCH in UL subframen and the next N, —1UL subframes denoted as 1, ,

n

ey NANRep71;

- shall not transmit any other signal/channel in UL subframe N, n, ...,N and

NANRep —1;
- shal not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmissionin
subframes N, —K, where ke K, K isthe set defined in Table 10.1.3.1-1 corresponding to UL subframe
N, and 1<i < Nyype —1-
For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described

in subclause 7.3, the UE shall not transmit HARQ-ACK on PUCCH if HARQ-ACK isthe only UCI present in agiven
subframe.

The uplink timing for the ACK corresponding to a detected PDCCH/EPDCCH indicating downlink SPS release shall be
the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.

Table 10.2-1: DL-reference UL/DL configuration for serving cell based on pair formed by (primary cell
UL/DL configuration, secondary cell UL/DL configuration)

(Primary cell UL/DL configuration, DL-reference
Secondary cell UL/DL configuration) | UL/DL configuration
(0,0)
(1,0),(1,1),(1,6)
(2,0),(2,2),(2,1),(2,6)
Setl (3,0),(3,3),(3,6)
(4,0),(4,1),(4,3),(4,4),(4,6)
(5,0),(5,1),(5,2),(5,3),(5,4),(5,5),(5,6)
(6,0),(6,6)
(0,1),(6,1)
(0,2),(1,2),(6,2)
(0,3),(6,3)
(0,4),(1,4),(3,4),(6,4)
(0,5),(1,5),(2,5),(3,5),(4,5),(6,5)
(0.6)
(3,1),(1,3)
(3,2),(4,2),(2,3),(2,4)
(0,1),(0,2),(0,3),(0,4),(0,5),(0,6)
(1,2),(1,4),(1,5
(2,5
(3,4),(3,5
(4.5)
(6,1),(6,2),(6,3),(6,4),(6,5)
(13)
(2,3),(2,4)
(3,1),(3,2)
(4.2)

Set #

Set 2

Set 3

Set 4

Set 5

BIWINFRO|AWINFR|IOOAO|O|RWINIFR|IOCAWINIFIO
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11 Physical Multicast Channel (PMCH) related
procedures

11.1  UE procedure for receiving the PMCH

The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on
the PMCH is performed according to subclause 6.5 of [3].

Thel,,.s for the PMCH is configured by higher layers. If the UE is configured by higher layers to decode the PMCH
based on QPSK, 16QAM, 64QAM, and 256QAM then the UE shall usel,,.s and Table 7.1.7.1-1A to determine the
modulation order (Q,,) and TBSindex ( |55) usedinthe PMCH. Elsethe UE shall usel,.s for the PMCH and Table
7.1.7.1-1 to determine the modulation order (Q,,) and TBSindex ( | ;z5) used in the PMCH.

The UE shall then follow the procedure in subclause 7.1.7.2.1 to determine the transport block size, assuming N g iS
equal to N3 . The UE shall set the redundancy version to O for the PMCH.

11.2  UE procedure for receiving MCCH change notification

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the M-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI

DCI format Search Space
DCI format 1C Common

The 8-bit information for MCCH change notification [11], as signalled on the PDCCH, shall be delivered to higher
layers.

12 Assumptions independent of physical channel

A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise.

A UE may assume the antenna ports 0 — 3 of a serving cell are quasi co-located (as defined in [3]) with respect to delay
spread, Doppler spread, Doppler shift, average gain, and average delay.

For the purpose of discovery-signal-based measurements, a UE shall not assume any other signals or physical channels
are present other than the discovery signal.

If a UE supports discoverySignalsinDeactSCell-r12, and if the UE is configured with discovery-signal-based RRM
measurements on a carrier frequency applicable for a secondary cell on the same carrier frequency, and if the secondary
cell isdeactivated, and if the UE is not configured by higher layers to receive MBM S on the secondary cell, the UE
shall, except for discovery-signal transmissions, assume that PSS, SSS, PBCH, CRS, PCFICH, PDSCH, PDCCH,
EPDCCH, PHICH, DMRS and CSI-RS may be not transmitted by the secondary cell until the subframe where an
activation command is received for the secondary cell.

13 Uplink/Downlink configuration determination
procedure for Frame Structure Type 2
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘ secondary cell’, ‘ secondary cells' , ‘serving cell’, ‘serving
cells inthis clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.
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- When the procedures are applied for SCG, the terms * secondary cell’, *secondary cells’, ‘serving cell’, ‘ serving
cells inthis clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. Theterm ‘primary cell’ in this clause refers to the PSCell of the SCG.

For each serving cell

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12,

- the UE shall set the UL/DL configuration equal to the UL/DL configuration (i.e., the parameter

subframeAssignment) indicated by higher layers.

If the UE is configured by higher layers with the parameter EIMTA-MainConfigServCell-r12, then for each radio

frame,

- the UE shall determine elMTA-UL/DL-configuration as described in subclause 13.1.

- the UE shall set the UL/DL configuration for each radio frame equal to the elMTA-UL/DL-configuration of that

radio frame.

13.1  UE procedure for determining eIMTA-uplink/downlink

configuration

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the elMTA-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 13.1-1.

Table 13.1-1: PDCCH configured by eIMTA-RNTI

DCI format

Search Space

DCI format 1C

Common

The subframes in which the UE monitors PDCCH with CRC scrambled by elMTA-RNTI are configured by higher

layers.
For each serving cell,
- if T=10,

- if the UE detects PDCCH with CRC scrambled by elMTA-RNTI in subframe O of aradio frame mor if the
UE detects PDCCH with CRC scrambled by elMTA-RNTI in a subframe other than subframe O of aradio

frame m-1,

- theelMTA-UL/DL-configuration for radio frame mis given by the UL/DL configuration indication

signalled on the PDCCH as described in [4],

- the UE may assume that the same UL/DL configuration indication isindicated by PDCCH with CRC
scrambled by elMTA-RNTI in subframe O of radio frame mand in all the subframes other than subframe
0 of radio frame m-1 in which PDCCH with CRC scrambled by el MTA-RNTI is monitored,

- otherwise

- theelMTA-UL/DL-configuration for radio frame mis same as the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers;

- if Tisavalue other than 10,

- if the UE detects PDCCH with CRC scrambled by elMTA-RNTI in a subframein radio frame mT/10,

- theelMTA-UL/DL-configuration for radio frames{mT/10+1 , mT/10+2,.... (m+ 1)T/10} is given by the
UL/DL configuration indication signalled on the PDCCH as described [4],

- the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC
scrambled by elMTA-RNTI in al the subframes of radio frame mT/10 in which PDCCH with CRC

scrambled by elMTA-RNTI is monitored,
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- otherwise

- theelMTA-UL/DL-configuration for radio frames{mT/10+1 , mT/10+2,.... (m+1) T/10} issame asthe
UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.

where T denotes the value of parameter eimta-CommandPeriodicity-r12.

For aserving cell ¢, if subframei isindicated as uplink subframe or a special subframe by higher layer parameter
eimta-HARQ-ReferenceConfig-r12, the UE is not expected to receive a PDCCH with CRC scrambled by elMTA-RNTI
containing an UL/DL configuration for serving cell ¢ that would indicate subframei as a downlink subframe.

For aserving cell c, if subframei isindicated as downlink subframe or a special subframe by higher layer parameter
subframeAssignment, the UE is not expected to receive a PDCCH with CRC scrambled by el MTA-RNTI containing an
UL/DL configuration for serving cell ¢ that would indicate subframei as an uplink subframe.

For aserving cell ¢, aUE isnot expected to be configured with parameter eimta-HARQ-ReferenceConfig-r12 if a
subframe indicated as an uplink subframe by eimta-HARQ-ReferenceConfig-r12 is not indicated as an uplink subframe
by the UL-reference UL/DL configuration.

If UE is not configured with the parameter EIMTA-MainConfigServCell-r12 for any activated serving cell, the UE is not
expected to monitor PDCCH with CRC scrambled by elMTA-RNTI.

13A  Subframe configuration for Frame Structure Type 3

If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1 or subframe n of aLAA Scell, the UE
may assume the configuration of occupied OFDM symbols in subframe n of the LAA Scell according to the * Subframe
configuration for LAA’ field in the detected DCI in subframe n-1 or subframe n.

The * Subframe configuration for LAA’ field indicates the configuration of occupied OFDM symbols (i.e., OFDM
symbols used for transmission of downlink physical channels and/or physical signals) in current and/or next subframe
according to Table 13A-1.

If the configuration of occupied OFDM symbols for subframe n isindicated by the Subframe configuration for LAA
field in both subframe n-1 and subframe n, the UE may assume that the same configuration of occupied OFDM symbols
isindicated in both subframe n-1 and subframe n.

If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, and the UE does not detect PDCCH
with DCI CRC scrambled by CC-RNTI in subframe n-1, and if the number of occupied OFDM symbols for subframe n
indicated by the Subframe configuration for LAA field in subframe nis less than 14, the UE is not required to receive
any physical channels or signalsin subframe n.

A UE is not required to use subframe n for updating CSI measurement, if the UE does not detect PDCCH with DCI
CRC scrambled by CC-RNTI in subframe n-1, and in subframe n.

The UE may detect PDCCH with DCI CRC scrambled by CC-RNTI by monitoring the following PDCCH candidates
according to DCI Format 1C.

- one PDCCH candidate at aggregation level L=4 with the CCEs corresponding to the PDCCH candidate given by
CCEs numbered 0,1,2,3

- one PDCCH candidate at aggregation level L=8 with the CCEs corresponding to the PDCCH candidate given by
CCEs humbered 0,1,2,3,4,5,6,7

If aserving cell isaLAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘ 07’
and if the UE detects PDCCH/EPDCCH intended for the UE starting in the second slot of a subframe, the UE may
assume that OFDM symbolsin the first dlot of the subframe are not occupied, and all OFDM symbolsin the second dlot
of the subframe are occupied,

If subframe n is a subframe in which OFDM symbolsin the first ot are not occupied, the UE may assume that all the
OFDM symbols are occupied in subframe n+1.
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Table 13A-1: Subframe configuration for LAA in current and next subframe

Value of Configuration of occupied OFDM
‘Subframe configuration for LAA’ symbols
field in current subframe (current subframe, next subframe)
0000 (-,14)
0001 (-,12)
0010 (-,11)
0011 (-,10)
0100 (-,9)
0101 (-,6)
0110 (-3)
0111 (14,
1000 (12,-)
1001 (11,)
1010 (10,
1011 9,)
1100 (6,-)
1101 (3,-)
1110 reserved
1111 reserved
NOTE:
- (-, Y) means UE may assume the first Y symbols are occupied in next
subframe and other symbols in the next subframe are not occupied.
- (X,-) means UE may assume the first X symbols are occupied in current
subframe and other symbols in the current subframe are not occupied.
- (X;*) means UE may assume the first X symbols are occupied in current
subframe, and at least the first OFDM symbol of the next subframe is not
occupied.
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14 UE procedures related to Sidelink

A UE can be configured by higher layers with one or more PSSCH resource configuration(s). A PSSCH resource
configuration can be for reception of PSSCH, or for transmission of PSSCH. The physical sidelink shared channel
related procedures are described in subclause 14.1.

A UE can be configured by higher layers with one or more PSCCH resource configuration(s). A PSCCH resource
configuration can be for reception of PSCCH, or for transmission of PSCCH and the PSCCH resource configuration is
associated with either sidelink transmission mode 1 or sidelink transmission mode 2. The physical sidelink control
channel related procedures are described in subclause 14.2.

A UE can be configured by higher layers with one or more PSDCH resource configuration(s). A PSDCH resource
configuration can be for reception of PSDCH, or for transmission of PSDCH. The transmissions of PSDCH according
to a PSDCH resource configuration are associated with either sidelink discovery type 1 or sidelink discovery type 2B.
The physical sidelink discovery channel related procedures are described in subclause 14.3.

The physical sidelink synchronization related procedures are described in subclause 14.4.

Except in the case of secondary sidelink synchronization signal transmission, sidelink transmission power shall not
change during a sidelink subframe. For a UE transmitting PSBCH, the transmit power of PSBCH ( Poggey, ) issame as
the transmit power of primary sidelink synchronisation signal  Phggs .-

A UE is not expected to be configured with PSCCH resource configuration(s) such that, in a given subframe, the total

number of resource blocks across the resource block pools (as described in subclause 14.2.3) indicated by the PSCCH
resource configuration(s) exceeds 50.

If a UE uplink transmission in subframe n+1 of a serving cell overlapsin time domain with sidelink
transmission/reception by the UE in subframe n of the serving cell, then the UE shall drop the sidelink
transmission/reception in subframe n.

For agiven carrier frequency, a UE is not expected to receive sidelink physical channel /signals with different cyclic
prefix lengths in the same sidelink subframe.

For agiven carrier frequency, in a sidelink subframe, if a UE has a sidelink transmission, the sidelink transmission shall
occur only in contiguous physical resource blocks.

If a UE’s sidelink transmission does not occur on aserving cell with its uplink transmission(s), and if the UE’s sidelink
transmission in a subframe overlaps in time with its uplink transmission(s), the UE shall adjust the sidelink transmission

power such that its total transmission power does not exceed PCM ax Jefined in [6] on any overlapped portion. In this
case, calculation of the adjustment to the sidelink transmission power is not specified.

14.1  Physical Sidelink Shared Channel related procedures
14.1.1 UE procedure for transmitting the PSSCH

If the UE transmits SCI format 0 on PSCCH according to a PSCCH resource configuration in subframe n belonging to a
PSCCH period (described in subclause 14.2.3), then for the corresponding PSSCH transmissions

- thetransmissions occur in a set of subframes in the PSCCH period and in a set of resource blocks within the set
of subframes. The first PSSCH transport block is transmitted in the first four subframesin the set, the second
transport block is transmitted in the next four subframes in the set, and so on.

- for sidelink transmission mode 1,

- the set of subframesis determined using the subframe pool indicated by the PSSCH resource
configuration (described in subclause 14.1.4) and using time resource pattern ( | 1z, ) in the SCI format 0
as described in subclause 14.1.1.1.

- the set of resource blocks is determined using Resource block assignment and hopping allocation in the
SCI format 0 as described in subclause 14.1.1.2.
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14.1.

- for sidelink transmission mode 2,

- the set of subframesis determined using the subframe pool indicated by the PSSCH resource

configuration (described in subclause 14.1.3) and using time resource pattern ( | 1z, ) in the SCI format 0
as described in subclause 14.1.1.3.

- the set of resource blocks is determined using the resource block pool indicated by the PSSCH resource
configuration (described in subclause 14.1.3) and using Resource block assignment and hopping
allocation in the SCI format O as described in subclause 14.1.1.4.

the modulation order is determined using the "modulation and coding scheme " field (1 ,.5) in SCI format O.
For0< |,cs < 28, the modulation order issetto Q"= min(4,Q;,) , where Q;, is determined from Table 8.6.1-1.

the TBSindex (| ;5) iSdetermined based on,,. and Table 8.6.1-1, and the transport block size is determined

using |55 and the number of allocated resource blocks ( Npgg ) using the procedure in subclause 7.1.7.2.1.

1.1 UE procedure for determining subframes for transmitting PSSCH for sidelink
transmission mode 1

Within the PSCCH period (described in subclause 14.2.3), the subframes used for PSSCH are determined as follows:

asubframe indicator bitmap (b(',, bl',...b;,mp_l) and N, are determined using the procedure described in
subclause 14.1.1.1.1.

abitmap (b, b, b ) isdetermined using b, =b] 0y, andasubframe | [ inthe subframe

pool is used for PSSCH if bj =1, otherwise the subframe |jF>SSCH

is not used for PSSCH, where

(| ;’RH ,|1F’39[3H sy PSR ) and Lgg,, aredescribed in subclause 14.1.4. The subframes used for PSSCH

LPS{H -1

are denoted by (n PSCH 1y lPSSCH ) PSsCH ) arranged in increasing order of subframe index and

0 e
wheren, .., isthe number of subframes that can be used for PSSCH transmission in a PSCCH period and isa
multiple of 4.

14.1.1.1.1 Determination of subframe indicator bitmap

For FDD and TDD with UL/DL configuration belonging to {1,2,4,5}, NTRP is 8, and the mapping between Time
Resource pattern Index ( | ;x-) and subframe indicator bitmap (b(') bl',...b,'\,mp_l) isgiven by table 14.1.1.1.1-1.

For TDD with UL/DL configuration O, NTRP is 7, and the mapping between Time Resource pattern Index ( | TRp) @Nd
subframe indicator bitmap (b(') bl',...b,'\,mp_l) isgiven by table 14.1.1.1.1-2.

For TDD with UL/DL configuration belonging to { 3,6}, NTRP is 6, and the mapping between Time Resource pattern
Index ( | 1gp) and subframe indicator bitmap (bc’,, bf,...b;,mp_l) isgiven by table 14.1.1.1.1-3.

Table 14.1.1.1.1-1: Time Resource pattern Index mapping for NTRP =8

I TRP kTRP (b(;’ bl’""b,Nmp—l) I TRP kTRP (b(;’ bl’""b,Nmp—l) I TRP kTRP (b(;’ bl,""b’Nmp—l)
0 11 (1,0,0,0,0,0,0,0) 37 41(,11,0,1,0,0,0) 74 41(0,1,11,0,0,0,1)
1 11 (0,1,0,0,0,0,0,0) 38 41(,1,01,1,0,0,0) 75 41(,1,0,01,0,0,1)
2 11 (0,0,1,0,0,0,0,0) 39 4|(,01,1,1,0,0,0) 76 41(1,01,01,00,1)
3 11(0,0,0,1,0,0,0,0) 40 41(0,1,1,1,1,0,0,0) 77 41(0,1,1,0,1,0,0,1)
4 11 (0,0,0,0,1,0,0,0) 41 41(,1,1,0,0,1,0,0) 78 41 (,0,01,1,0,0,1)
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5 1] (0,0,0,0,0,1,0,0) 42 41(1,1,0,1,0,1,0,0) 79 41(,10,1,1,0,0,1)
6 1] (0,0,0,0,0,0,1,0) 43 41(1,0,1,1,0,1,0,0) 80 41(0,0,1,1,1,0,0,1)
7 1] (0,0,0,0,0,0,0,1) 44 41(0,1,1,1,0,1,0,0) 81 41(1,00,0,1,0,1)
8 2](,1,0,0,00,0,0) 45 41(1,1,001,1,0,0) 82 41 (1,0,1,0,0,1,0,1)
9 21(10,1,0,0,0,0,0) 46 41(1,0,1,0,1,1,0,0) 83 41(,1,1,00,1,0,1)
10 21(,1,1,0,0,0,0,0) 47 41(0,1,1,01,1,0,0) 84 41 (1,0,0,1,01,0,11)
11 2 (1,0,0,1,0,0,0,0) 48 41(1,0,0,1,1,1,0,0) 85 41(,101,01,0,11)
12 21(,1,0,1,0,0,0,0) 49 41(0,1,01,1,1,0,0) 86 41(0,0,1,1,01,0,11)
13 21(,0,1,1,0,0,0,0) 50 4(0,01,1,1,1,0,0) 87 41 (1,0,0,0,1,1,0,1)
14 2 (1,0,0,0,1,0,0,0) 51 41(1,1,1,0,0,01,0) 88 41(0,1,0,0,1,1,0,1)
15 21(.,100,1,0,0,0) 52 41(11,01,0,01,0 89 41(.,01,01,1,0,1)
16 21(0,0,1,0,1,0,0,0) 53 41(1,0,1,1,0,01,0) 90 41(0,001,1,1,0,1)
17 2 |(0,0,0,1,1,0,0,0) 54 41(0,1,1,1,0,0,1,0) 91 4(1,1,0,0,0,0,1,1)
18 21 (1,0,0,0,0,1,0,0) 55 41(1,1,0,01,0,1,0) 92 41(,0,1,00,0,1,1)
19 21(0,1,0,0,0,1,0,0) 56 41(1,0,1,01,01,0 93 41(0,1,1,0,0,0,1,1)
20 21(,0,1,0,0,1,0,0) 57 41(0,1,1,01,01,0) 94 41 (1,0,0,1,00,1,1)
21 21(0,0,0,1,0,1,0,0) 58 41(1,0,01,1,0,1,0) 95 41(,1,0,1,00,1,1)
22 21(0,0,0,0,1,1,0,0) 59 41(0,1,01,1,01,0 96 41(0,0,1,1,0,0,1,1)
23 21 (1,0,0,0,0,0,1,0) 60 41(0,01,1,1,0,1,0) 97 41(1,0,0,0,1,0,1,1)
24 21(0,1,0,0,0,0,1,0) 61 41(1,1,0,0,0,1,1,0) 98 41(0,1,0,0,1,01,1)
25 21(0,0,1,0,0,0,1,0) 62 41(1,0,1,0,01,1,0) 99 41(0,0,1,0,1,0,1,1)
26 21(0,0,0,1,0,0,1,0) 63 41(0,1,1,001,1,0) 100 41(0,0,01,1,0,1,1)
27 2] (0,0,0,0,1,0,1,0) 64 41 (1,0,0,1,0,1,1,0) 101 41(,00,001,1,)
28 21(0,0,0,0,0,1,1,0) 65 41(0,1,0,1,0,1,1,0) 102 41(0,1,0,0,01,1,1)
29 21 (1,0,0,0,0,0,0,1) 66 41(0,01,1,01,1,0) 103 41(0,0,1,0,0,1,1,1)
30 21(,1,0,0,0,0,0,41) 67 41(1,0,0,01,1,1,0) 104 41(0,0,0,1,0,1,1,1)
31 21(0,0,1,0,0,0,0,1) 68 41(0,1,001,1,1,0) 105 41(0,0,0,0,1,1,1,1)
32 2 (0,0,0,1,0,0,0,1) 69 4 (0,0,1,0,1,1,1,0) 106 81(1,1111111)
33 2 1(0,0,0,0,1,0,0,2) 70 41(0,0,01,1,1,1,0) 112077 reserved | reserved

34 21(0,0,0,0,0,1,011) 71 41(,1,1,0,0,0,0,1)

35 21(0,0,0,0,0,0,1,1) 72 41(1,1,01,0,00,1)

36 41(11,1,1,0,0,0,0) 73 41 (,01,1,0,0,0,1)

Table 14.1.1.1.1-2: Time Resource pattern Index mapping for Nigo =7

I TRP kTRP (b(;’ bl,""b”\lmp—l) I TRP kTRP (b(;’ bl,’"'b,Nmp—l) I TRP kTRP (b(;’ bl,’"'b,Nmp—l)
0 | reserved | reserved 44 31(0,011,0,1,0) 88 31(0,0,0,1,1,0,1)
1 1| (1,0,0,0,0,0,0) 45 41(1,0,1,1,0,1,0) 89 4(1,0,0,1,1,0,1)
2 11 (0,1,0,0,0,0,0) 46 41(0,11,1,0,1,0) 90 41(0,1,01,1,0,1)
3 21(1,1,0,0,0,0,0) 47 51(11,11,0,1,0) 91 5,101,101
4 11 (0,0,1,0,0,0,0) 48 2(0,0,0,01,1,0) 92 4(0,0,1,1,1,0,1)
5 21](1,0,1,0,0,0,0) 49 3](1,0,001,1,0) 93 5](,0111,0,1)
6 21(0,1,1,0,0,0,0) 50 31(0,1,0,0,1,1,0) 94 5[1(,1111,01)
7 31(11,1,0,0,0,0) 51 41 (1,1,0,0,1,1,0 95 6(1(1,111,10,1)
8 11 (0,0,0,1,0,0,0) 52 31(0,0,1,01,1,0) 96 21(0,0,0,0,0,1,1)
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9 2 |(1,0,0,1,0,0,0) 53 4(1,0,1,0,1,1,0) 97 3] (1,0,0,0,0,1,1)
10 21(0,1,0,1,0,0,0) 54 41(0,110,1,1,0 98 3/(,1,0,0,0,1,1)
11 31](1,1,0,1,0,0,0) 55 5((1,1,1,0,1,1,0) 99 4(1,1,0,0,0,1,1)
12 21(0,0,1,1,0,0,0) 56 31(0,0,01,1,1,0) 100 31(0,01,00,1,1)
13 31 (1,0,1,1,0,0,0) 57 4 |(1,0,0,1,1,1,0) 101 41 (1,0,1,0,0,1,1)
14 31(0,1,1,1,0,0,0) 58 41(0,1,0,1,1,1,0) 102 4(0,1,1,0,0,1,1)
15 41(,1,11,0,0,0) 59 51(,1,0,1,1,1,0) 103 51(111,0,01,1)
16 1| (0,0,0,0,1,0,0) 60 4(0,0,1,1,1,1,0) 104 31(0,0,0,1,0,1,1)
17 21(1,00,0,1,00) 61 51(1,011,1,1,0) 105 41,001,012
18 2 |(0,1,0,0,1,0,0) 62 51 (0,1,1,1,1,1,0) 106 41(0,1,0,1,0,1,1)
19 31](1,1,0,0,1,0,0) 63 6](1,1,1,1,1,1,0) 107 51(1,1,0,1,0,1,1)
20 21(0,0,1,0,1,0,0) 64 1] (0,0,0,0,0,0,1) 108 410,011,011
21 3 (1,0,1,0,1,0,0) 65 2 | (1,0,0,0,0,0,1) 109 5(1,0,1,1,0,1,1)
22 31(0,1,1,0,1,0,0) 66 21(0,1,0,0,0,0,1) 110 51,111,011
23 4(1,1,1,0,1,0,0) 67 3((1,1,0,0,0,0,1) 111 6 |(1,1,1,1,0,1,1)
24 2 (0,0,0,1,1,0,0) 68 21(0,0,1,0,0,0,1) 112 31(0,00,011,1)
25 3] (1,0,0,1,1,0,0) 69 3 (1,0,1,0,0,0,1) 113 4(1,0,00,1,1,1)
26 3(0,1,0,1,1,0,0) 70 31(0,1,1,0,0,0,1) 114 41(0,1,001,1,1)
27 41(,1,0,1,1,0,0) 71 4 (1,1,1,0,0,0,1) 115 5(1(10,0,1,11)
28 3(0,0,1,1,1,0,0) 72 2 |(0,0,0,1,0,0,1) 116 41(0,0101,1,1)
29 41(1,01,1,1,00) 73 31(1,0,01,0,0,1) 117 51((1,01,0,1,1,1)
30 4 (0,1,1,1,1,0,0) 74 31(0,1,0,1,0,0,1) 118 51(0,1,1,0,1,1,1)
31 51(,1,11,1,0,0) 75 41 (1,1,0,1,0,0,1) 119 61(,110,1,11)
32 1](0,0,0,00,1,0) 76 31(0,01,1,0,0,1) 120 41(0,00,1,1,11)
33 2 | (1,0,0,0,0,1,0) 77 4(1,0,1,1,0,0,1) 121 51(1,0,01,1,1,1)
34 21(0,1,0,0,0,1,0 78 4| (0,1,1,1,0,0,1) 122 51(,101,1,11)
35 3] (1,1,0,0,0,1,0) 79 5((1,1,1,1,0,0,1) 123 6 |(1,1,01,1,1,1)
36 2 1(0,0,1,0,0,1,0) 80 2 1(0,0,0,0,1,0,1) 124 51(0,0,11,11)
37 31](,01,00,1,0 81 31(1,0,00,1,0,1) 125 6(,011111)
38 3(0,1,1,0,0,1,0) 82 31(0,1,0,0,1,0,1) 126 6(,1,1,1,111)
39 41(1,1,1,0,0,1,0) 83 4(11,0,0,1,0,1) 127 71@111111)
40 2 |(0,0,0,1,0,1,0) 84 31(0,0,1,0,1,0,1)
41 31(1,0,01,0,1,0) 85 41(1,0,1,0,1,0,1)
42 31](0,1,0,1,0,1,0) 86 41(0,1,10,1,0,1)
43 41(,1,0,1,0,1,0) 87 51(,14,1,0,1,0,1)
Table 14.1.1.1.1-3: Time Resource pattern Index mapping for NTRP =6
l TRP kTRP (b(;’ bl’""b,Nmp—l) ITRP kTRP (bé’ bf""b”\‘mp—l) ITRP kTRP (b(;’ bl’""b,Nmp—l)
0 | reserved | reserved 22 31(0,1,1,0,1,0) 44 31(0,0,1,1,0,1)
1 1] (1,0,0,0,0,0) 23 41 (,1,1,0,1,0 45 411,011,001
2 1| (0,1,0,0,0,0) 24 2 |(0,0,0,1,1,0) 46 41(0,1,1,1,0,)
3 21(1,1,0,0,0,0 25 31(,0,01,1,0 47 51(31,111,0,1)
4 1] (0,0,1,0,0,0) 26 31(0,1,01,10) 48 2 (0,000,112
5 2 | (1,0,1,0,0,0) 27 41](1,1,0,1,1,0) 49 3](1,0,0,0,1,1)
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6 21(0,1,1,0,0,0) 28 31(0,0,1,1,1,0) 50 31(0,1,0,0,1,1)
7 3] (1,1,1,0,0,0) 29 4 |(1,0,1,1,1,0) 51 4 (1,1,00,1,1)
8 1 |(0,0,0,1,0,0) 30 4 |(0,1,1,1,1,0) 52 31(0,0,1,0,1,1)
9 2 | (1,0,0,1,0,0) 31 5 (1,1,1,1,1,0) 53 41(1,0,1,0,1,1)
10 21(0,1,0,1,0,0) 32 1(0,0,0,0,0,1) 54 4(0,1,1,0,1,1)
11 31(1,1,0,1,0,0) 33 2 | (1,0,0,0,0,1) 55 51(1,1,1,0,1,1)
12 2 1(0,0,1,1,0,0) 34 2 | (0,1,0,0,0,1) 56 31(0,00,1,1,1)
13 31(1,0,1,1,0,0) 35 3|(1,1,0,0,0,1) 57 4 (1,0,01,1,1)
14 31(0,1,1,1,0,0) 36 2 1(0,0,1,0,0,1) 58 41(0,1,01,1,1)
15 4 (1,1,1,1,0,0) 37 3(1,0,1,0,0,1) 59 51(1,1,0,1,1,1)
16 1| (0,0,0,0,1,0) 38 3(0,1,1,0,0,1) 60 41(0,0,1,1,1,1)
17 2 | (1,0,0,0,1,0) 39 4 |(1,1,1,0,0,1) 61 5(1,0,1,1,1,1)
18 2 1(0,1,0,0,1,0) 40 2 1(0,0,0,1,0,1) 62 51](0,1,1,1,1,1)
19 31(1,1,0,0,1,0) 41 3(1,0,0,1,0,1) 63 6| (1,1,1,1,1,1)
20 21(0,01,01,0 42 31(0,1,0,1,0,2) 16;7 reserved | reserved
21 31(1,0,1,0,1,0) 43 4| (1,1,0,1,0,1)
14.1.1.2 UE procedure for determining resource blocks for transmitting PSSCH for

sidelink transmission mode 1
The set of resource blocks is determined using the procedure described in subclause 14.1.1.2.1 and 14.1.1.2.2.

14.1.1.2.1 PSSCH resource allocation for sidelink transmission mode 1

The resource alocation and hopping field of the SCI format O isused to determine a set of indices denoted by n(,RB (0]
< Mpe< N35), astartingindex RBZ; gy, and anumber of allocated PRBs L{gs. and Nios > using the
procedure in subclause 8.1.1, and 8.4 (for sidelink frequency hopping with type 1 or type 2 hopping) with the following
exceptions:

- theterm ‘PUSCH’ in subclauses 8.1.1 and 8.4 is replaced with *PSSCH’ .

- thequantity nygg insubclause8.1.1isreplaced with Ny

- thequantity Nyt insubclauses8.1.1 and 8.4 isreplaced with N3;.

- the quantity RB

START

in subclauses 8.1.1and 8.4 is replaced with RB

START *
- the quantity L ggs in subclauses 8.1.1 and 8.4 is replaced with L g, -

- thequantity Nin>" insubclause 8.4 isreplaced with N "

- the quantity NSS is given by higher layer parameter rb-Offset-r12 associated with the corresponding PSSCH
resource configuration.

- thequantity Ny, isgiven by higher layer parameter numSubbands-r12 associated with the corresponding
PSSCH resource configuration.

14.1.1.2.2 PSSCH frequency hopping for sidelink transmission mode 1

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks for PSSCH
transmission is determined using subclause 8.4 with the following exceptions:
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- theterm ‘PUSCH’ isreplaced with ‘PSSCH’.

- only inter-subframe hopping shall be used.

- thequantity RBgrarr isreplaced with RBS aqr-

- thequantity N5t isreplaced with N3;.

- thequantity Nfu " isreplaced with Nfs "

- the quantity NSS is given by higher layer parameter rb-Offset-r12 associated with the PSSCH resource
configuration.

- thefrequency hopping field in the SCI format O is used instead of DCI format O.
- the quantity NS, (i) isreplaced with NS .
- thequantity Npgg (i) isreplaced with NSay .

- forodd nZ>" (described in subclause 9.2.4 of [3]), the set of physical resource blocks for PSSCH

transmission are L. contiguous resource blocks starting from PRB with index nﬁ;g :

- foreven n>" (described in subclause 9.2.4 of [3]), the set of physical resource blocks for PSSCH

transmission are L. contiguous resource blocks starting from PRB with index nE'F‘QlB .

14.1.1.3 UE procedure for determining subframes for transmitting PSSCH for sidelink
transmission mode 2

For FDD or for TDD, and the UE not configured with the higher layer parameter trpt-Subset-r12

- Thealowed values of | ;o correspond to the values of Koo satisfying Kigp =K, for avalueof iin
0<i< Xzp ,Where K and Xz aredetermined from table 14.1.1.3-1.

For FDD or for TDD with UL/DL configuration belonging to {0,1,2,3,4,6} , and the UE configured with the higher
layer parameter trpt-Subset-ri2

- Theallowed values of | ;zp correspond to the values of K satisfying Kige =k, , for valuesof i in
0<i < X g sttisfying @& =1, 0<i< Xz and where k and X,y aredetermined from table
14.1.1.3-1, and (8, @,,..., 8y ;) isthebitmap indicated by trpt-Subset-r12.

Table 14.1.1.3-1: Determination of X,z and k; for sidelink transmission mode 2

XTRP kO k1 kz k3 k4
FDD and TDD with UL/DL configuration 1,2,4,5 3 1 2 4 - -
TDD with UL/DL configuration O 5 1 2 3 4 5
TDD with UL/DL configuration 3,6 4 1 2 3 4

Within a PSCCH period, the subframes used for PSSCH are determined as follows:

- asubframe indicator bitmap (b(') bl',...b,'\,mp_l) and N are determined using the procedure described in

subclause 14.1.1.1.1 from the allowed values of | described in this subclause.
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- abitmap (bo b,y ) isdetermined using b, =0} n,, andasubframe | JFSSCH in the subframe

pool isused for PSSCHif B, =1, otherwise the subframe | ]PS:H is not used for PSSCH, where

(l PSSCH | PSSCH
e

; ey PSS ) and Lo, aredescribed in subclause 14.1.3. The subframes used for PSSCH

Lpsscn -1

are denoted by (ng’sscH , nl"’ﬂ?” p PSCH ) arranged in increasing order of subframe index and

L
whereN, ., isthe number of subframesthat can be used for PSSCH transmission in a PSCCH period and is a
multiple of 4.

14.1.1.4 UE procedure for determining resource blocks for transmitting PSSCH for
sidelink transmission mode 2

The set of resource blocks within the resource block pool (defined in 14.1.3) is determined using the subclause
141.1.21.

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks for PSSCH
transmission is determined using subclause 14.1.1.2.2 with the following exceptions

- thequantity Nt isreplaced with M 55" - (defined in 14.1.3).

- forodd n&" | the set of physical resource blocks for PSSCH transmission are given by L, contiguous

resource blocksm,, m,,,,..m,.,,. _, belonging to the resource block pool, where X = nps,';g .

- foreven nZ™" | the set of physical resource blocks for PSSCH transmission are given by L/ contiguous

resource blocksm,, M, ,,..M,, ., _, belonging to the resource block pool, where X = nps,;; :

14.1.1.5 UE procedure for PSSCH power control

For sidelink transmission mode 1 and PSCCH period i, the UE transmit power Peogg, for PSSCH transmission is
given by the following

- if the TPC command field in configured sidelink grant (described in [8]) for PSCCH period i isset to O
Posscn = Pevax ,PSSCH
- if the TPC command field in configured sidelink grant (described in [8]) for PSCCH periodi issetto 1

Prsscr =M n{PCMAX,PSSCH » 10109, (M psscii) + Po_psscris + Xpssori - PL} [dBm]

where Poyax psson iSdefinedin[6], and M pgq, isthe bandwidth of the PSSCH resource assignment expressed in

number of resource block and PL = PL, where PL isdefined in subclause5.1.1.1. Ry psgeyyy and Opegryy 1 @€

provided by higher layer parameters p0O-r12 and alpha-r12, respectively and that are associated with the corresponding
PSSCH resource configuration.

For sidelink transmission mode 2, the UE transmit power Pegg, for PSSCH transmission is given by
I:)PSSCH = ml n{PCMAX,P$CH ' J'OloglO(M PSSCH) + PO_PSSCH,Z + aP$CH,2 ) PL} [dBm]

where Poyax psson iSdefinedin[6], and M pgqy, isthe bandwidth of the PSSCH resource assignment expressed in

number of resource blocksand PL = PL, where PL isdefined in subclause5.1.1.1. Py peyyr and Opssy , are

provided by higher layer parameter p0-r12 and alpha-r12, respectively and that are associated with the corresponding
PSSCH resource configuration.
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14.1.2 UE procedure for receiving the PSSCH

For sidelink transmission mode 1, a UE upon detection of SCI format 0 on PSCCH can decode PSSCH according to the
detected SCI format O.

For sidelink transmission mode 2, a UE upon detection of SCI format 0 on PSCCH can decode PSSCH according to the
detected SCI format 0, and associated PSSCH resource configuration configured by higher layers.

14.1.3 UE procedure for determining resource block pool and subframe
pool for sidelink transmission mode 2

For a PSCCH period associated with the PSCCH resource configuration (determined in subclause 14.2.3) which isaso
associated with the PSSCH resource configuration, the UE determines a PSSCH pool consisting of a subframe pool and
resource block pool asfollows.

- For TDD, if the parameter tdd-Config-r12 isindicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Within the PSCCH period, the uplink subframes with subframe index greater than or equal to jbegin +0, are
denoted by (| 0 |l . N’—1) arranged in increasing order of subframe index, where jbegin isdescribed in
subclause 14.2.3 and O, isthe offsetlndicator-r12 indicated by the PSSCH resource configuration, where

N’ denotes the number of uplink subframes within the PSCCH period with subframe index greater than or equal
to jbegin +0,.

- Abitmap b,,b, ,b,,...,by , isdetermined usingbj =a for 0< j < N’,where

jmod Ng ’
8,8 ,8,,...,ay, , and N arethe bitmap and the length of the bitmap indicated by subframeBitmap-r12,
respectively.

- A subframe |J- (0< j < N’) belongs to the subframe pool if bj =1. The subframesin the subframe pool are
denoted by (| OPSSCH | 1P593H N LPSSCH 1) arranged in increasing order of subframe index and Lo, denotes

the number of subframesin the subframe pooal.

- APRBwithindex q (0<Qg< N%) belongs to the resource block pool if S1<q< SI+M orif
S2—-M < < S2, where S, &, and M denote the prb-Start-r12, prb-End-r12 and prb-Num-r12 indicated by
the PSSCH resource configuration respectively.

- The resource blocks in the resource block pool are denoted by (mg’SSCH ’mlF’SSCH i m’\F/’lsfsgg‘4 - 1) arranged in
PSSCH_RP _

PSSCH _RP
M RB

increasing order of resource block indices and is the number of resource blocks in the resource

block pool.

14.1.4 UE procedure for determining subframe pool for sidelink
transmission mode 1

For a PSCCH period associated with the PSCCH resource configuration (described in subclause 14.2.3) which isaso
associated with the PSSCH resource configuration, the UE determines a PSSCH pool consisting of a subframe pool as
follows.

- For TDD, if the parameter tdd-Config-r12 is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.
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- The subframesin the subframe pool for PSSCH are denoted by (|(;’$CH , |l"’*°CH

14.2-1.

Each uplink subframe with subframe index greater than or equal to

| PSCCH

PSCCH

, T1belongsto the subframe pool

for PSSCH, where | °" +1 and Lpg,, aredescribed in subclause 14.2.3.

PSCCH

| P ) arranged in

yuuas Lpsy -1

increasing order of subframeindex and Ly, denotes the number of subframesin the subframe pool.

14.2

For sidelink transmission mode 1, if aUE is configured by higher layersto receive DCI format 5 with the CRC
scrambled by the SL-RNTI, the UE shall decode the PDCCH/EPDCCH according to the combination defined in Table

Physical Sidelink Control Channel related procedures

Table 14.2-1: PDCCH/EPDCCH configured by SL-RNTI

DCI format Search Space
DCI format 5 | For PDCCH: Common and UE specific by C-RNTI
For EPDCCH: UE specific by C-RNTI

14.2.1 UE procedure for transmitting the PSCCH

For sidelink transmission mode 1and PSCCH period i,

— the UE shall determine the subframes and resource blocks for transmitting SCI format 0 as follows.

SCI format O is transmitted in two subframes in the subframe pool and one physical resource block per slot in
each of the two subframes, wherein the physical resource blocks belong to the resource block pool, where the
subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in
subclause 14.2.3)

the two subframes and the resource blocks are determined using “Resource for PSCCH” field (Npgcy ) in
the configured sidelink grant (described in [8]) as described in subclause 14.2.1.1.

the UE shall set the contents of the SCI format 0 as follows:

the UE shall set the Modulation and coding scheme field according to the Modulation and coding scheme
indicated by the higher layer parameter mcs-r12 if the parameter is configured by higher layers.

the UE shall set the Frequency hopping flag according to the “Freguency hopping flag” field in the
configured sidelink grant.

the UE shall set the Resource block assignment and hopping resource alocation according to the “Resource
block assignment and hopping resource allocation” field in the configured sidelink grant.

the UE shall set the Time resource pattern according to the “ Time resource pattern” field in the configured
sidelink grant .
the UE shall set the eleven-bit Timing advance indication to Iy = LNTAJ to indicate sidelink reception

16
timing adjustment value using the N4 (defined in [3]) value for the UE in the subframe that is no earlier than
subframe | > — 4 (15" described in subclause 14.2.1.1).

For sidelink transmission mode 2,

SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in
each of the two subframes, wherein the physical resource blocks belongs to the resource block pool, where the
subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in
subclause 14.2.3)
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- thetwo subframes and the resource blocks are determined using the procedure described in subclause
14212

- the UE shall set the eleven-bit Timing advanceindication |, inthe SCI format O to zero.

TA

14.2.1.1 UE procedure for determining subframes and resource blocks for transmitting
PSCCH for sidelink transmission mode 1

For o< Npgeey < LM :E?CCH - /ZJ' Loscen

PSCCH

— onetransmission of the PSCCH isin resource block m_ ;" of subframe I;SCCH of the PSCCH period, where

al= LnPEECH / LPEI:CHJ and bl = Mooy MO Lpgrey, -

- the other transmission of the PSCCH isin resource block m:fCCH

where a2 = Npsooy / Losooy |+ M PR /2 and

b2 = (nPSCCH +1+ \_nPSCCH I Lpscen JmOd(LPSCCH - 1)) mod Lpgec -

of subframe 15" of the PSCCH period,

PSCCH | PSCCH PSCCH PSCCH PSCCH PSCCH PSCCH _RP ;
where(|0 N """'lescCH _l),(mo ,m; """mMgSCCH—RP—l)' Logeey and M 5 are described
in subclause 14.2.3.
14.2.1.2 UE procedure for determining subframes and resource blocks for transmitting

PSCCH for sidelink transmission mode 2

The allowed values for PSCCH resource selection are given by 0,1... (M P =" /2. L, —1) where

PSCCH _RP
M RB

Lpgeey @nd described in subclause 14.2.3. The two subframes and the resource blocks are determined

using selected resource value Npg-y (described in [8]) and the procedure described in subclause 14.2.1.1.

14.2.1.3 UE procedure for PSCCH power control

For sidelink transmission mode 1 and PSCCH period i, the UE transmit power Pag.,, for PSCCH transmission is
given by the following

- if the TPC command field in the configured sidelink grant (described in [8]) for PSCCH period i issetto 0
Prscen = PCMAX,PSCCH
- if the TPC command field in the configured sidelink grant (described in [8]) for PSCCH period i issetto 1

I:)PSCCH = ml n{PCMAX,PSCCH ’ 10|Og10(M PSCCH ) + PO_PSCCH,l + aPSCCH 1’ PL} [dBm]

where Poyax pscen isdefinedin[6], and M pgy =1and PL = PL, wherePL isdefined in subclause 5.1.1.1.

F’O_PSCCH’l and Opgey, @€ provided by higher layer parameters p0-r12 and alpha-r12, respectively and are
associated with the corresponding PSCCH resource configuration.

For sidelink transmission mode 2, the UE transmit power Png-,, for PSCCH transmission is given by
I:)PSCCH = ml n{PCMAX,PSI:CH ' 10|OglO(M PSCCH) + PO_PSCCH,Z + aPSX:CH,Z ) PL} [dBm]

where Poyax pscon iSthe Poyax . configured by higher layersand M g, =1and PL = PL_ wherePL  is

defined in subclause 5.1.1.1. F’O_F,SCCH2 and  pgcy o areprovided by higher layer parameters pO-r12 and alpha-
r12, respectively and are associated with the corresponding PSCCH resource configuration.
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14.2.2 UE procedure for receiving the PSCCH

For each PSCCH resource configuration associated with sidelink transmission mode 1, a UE configured by higher
layersto detect SCI format 0 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource
configuration, and using the Group destination IDs indicated by higher layers.

For each PSCCH resource configuration associated with sidelink transmission mode 2, a UE configured by higher
layersto detect SCI format 0 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource
configuration, and using the Group destination IDs indicated by higher layers.

14.2.3 UE procedure for determining resource block pool and subframe
pool for PSCCH

A PSCCH resource configuration for transmission/reception is associated with a set of periodically occurring time-
domain periods (known as PSCCH periods). The i-th PSCCH period begins at subframe with subframe

index jpei, = O+1i- P and endsin subframe with subframe index ] 4 =0+(i+1)-P—1, where

0= foegns Jeng <10240

the subframe index is relative to subframe#0 of the radio frame corresponding to SFN 0 of the serving cell or
DFN O (described in [11]),

- O istheoffsetIndicator-r12 indicated by the PSCCH resource configuration,

- Pisthe sc-Period-r12 indicated by the PSCCH resource configuration.

For a PSCCH period, the UE determines a PSCCH pool consisting of a subframe pool and a resource block pool as
follows.

- For TDD, if the parameter tdd-Config-r12 is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Thefirg N’ uplink subframes are denoted by (lO , |1 peeny | N'—l) arranged in increasing order of subframe index,
where N’isthe length of the bitmap subframeBitmap-r12 indicated by the PSCCH resource configuration.

- Asubframe |; (0< j < N’) belongsto the subframe pool ifa; =1, Where(ao,ai,a?,___,aN,_l) isthe
bitmap subframeBitmap-r12 indicated by the PSCCH resource configuration. The subframesin the subframe
pool are denoted by (| OPSCCH , |1F’SCCH o, | PSCCH ) arranged in increasing order of subframeindex and Loy

! Lpscen —1
is the number of subframes in the subframe pool. A PRB withindex q (0<q< N %) belongs to the resource
block pool if §1 < g<Sl+M or if S2—-M < q<S2, where S1, 2, and M denote the prb-Sart-r12, prb-
End-r12 and prb-Num-r12 indicated by the PSCCH resource configuration respectively.
- Theresource blocks in the resource block pool are denoted by (mgs‘:c” ,mP m;ﬁg& e 1) arranged

inincreasing order of resource block indicesand M F':BSCCH -

block pool.

is the number of resource blocksin the resource

14.3  Physical Sidelink Discovery Channel related procedures
14.3.1 UE procedure for transmitting the PSDCH

If aUE is configured by higher layersto transmit PSDCH according to a PSDCH resource configuration, in a PSDCH
period |,
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- the number of transmissions for a transport block on PSDCH is N;Z(D =n+1 where Nisgiven by the higher

layer parameter numRetx-r12, and each transmission corresponds to one subframe belonging to a set of
subframes, and in each subframe, the PSDCH is transmitted on two physical resource blocks per slot.

- for sidelink discovery type 1,

- theallowed values for PSDCH resource selectionare givenby 0,1... (N,-N, -1),
whereN, = \_LPSDCH /NSTE(DJ and N, =\_M RPSDCH_RP/ZJ’ and

- thej-thtransmission (1< j < N STLXD ) for the transport block occursin contiguous resource blocks

PSDCH PSDCH PSDCH :
mzlagi) and mz'a(j‘)+1 of subframe NG b0+ -1 of the PSDCH period, where

i a?) = ((J _1)'\_Nf /N;_XDJ-'-LnPSDCH /NtJ)mOd N, and b” = n.g, modN, and using selected

resource value Npgyeyy (describedin [8]).

PSDCH _RP hed i
(lg’SI)CH || Peocr ’""'IE’SDCH&), (mgsnm PO m’\F/’ISgECHH fRP—l), Loy @AM B are described in
PSOCH RB

subclause 14.3.3.
- for sidelink discovery type 2B,

- Thej-thtransmission (1< j< N STLXD ) for the transport block occursin contiguous resource blocks

PDCH PSDCH of the PSDCH period, where

m, o and mz»a(j‘hl

CH
2.l {

PSD
of subframe INSTLXD b+
a) = (N@ +m)mod10+|(af™ +N, -b{)/N, JmodN,
bl(i) = (N}ggDCH + NI(323CH 'ai(i_l) +N; 'bl(i_l))mOd N,

al’ =((j-1[N, /NZ, J+af )mod N, for 1< j < Ngp

N. =|MmPocH_re o
- N :LLPSDCH /NSTLXDJ and "' \' R J,
and(| (;:’SI)CH 'IlPSDCH .| PeocH ), (mgsom ,ranSI)CH PSDCH ), Loy @AM ;’BSDCH _R are described

[ | | A
" Lpgpon -1 T Mg -1

in subclause 14.3.3.

- a.fo) and bl(o) are given by higher layer parameters discPRB-Index and discSF-Index, respectively
and that associated with the PSDCH resource configuration.

- N N . and N, are given by higher layer parameters a-r12, b-r12, and c-r12,
repectively and that are associated with the PSDCH resource configuration.

- n’ isthe number of PSDCH periods since N%DCH was received.
- thetransport block sizeis 232

For sidelink discovery, the UE transmit power Ppgpo, for PSDCH transmission is given by the following

I:)PSDCH = ml n{PCMAX,PSDCH ’ 1O|OglO(M PSDCH) + I:)O_PSDCH,l + aPSDCH 1’ PL} [dBm]

where Poyax psocn isdefinedin[6], and M gy =2and PL = PL, wherePL isdefined in subclause 5.1.1.1
where C

isthe serving cell if the sidelink discovery transmission occurs on the uplink carrier frequency of a serving cell, or
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isthe cell indicated by higher layers on downlink carrier frequency indicated by discCarrierRef-r13[11] if sidelink
discovery transmission does not occur on the uplink carrier frequency of a serving cell.

Py psocny @d Qpgycyyy are provided by higher layer parameters p0-r12 and alpha-r12, respectively and are

associated with the corresponding PSDCH resource configuration.

A UE shall drop any PSDCH transmissions that are associated with sidelink discovery type 1 in asidelink subframe if
the UE has a PSDCH transmission associated with sidelink discovery type 2B in that subframe.

14.3.2 UE procedure for receiving the PSDCH

For sidelink discovery type 1, for each PSDCH resource configuration associated with reception of PSDCH, a UE
configured by higher layers to detect a transport block on PSDCH can decode the PSDCH according to the PSDCH
resource configuration.

For sidelink discovery type 2B, for each PSDCH resource configuration associated with reception of PSDCH, aUE
configured by higher layers to detect a transport block on PSDCH can decode the PSDCH according to the PSDCH
resource configuration.

14.3.3 UE procedure for determining resource block pool and subframe
pool for sidelink discovery

A PSDCH resource configuration for transmission/reception is associated with a set of periodically occurring time-
domain periods (known as PSDCH periods). The i-th PSDCH period begins at subframe with subframe

index jpei, = O; +1i - P and endsin subframe with subframeindex jqq = O, + (i+1)-P-1, where
0< joegn < 10240

- the subframe index is relative to subframe#0 of aradio frame corresponding to SFN 0 of the serving cell or DFN
0 (described in[11]),

- O, isthe offsetindicator-r12 indicated by the PSDCH resource configuration

- PisthediscPeriod-ri12 indicated by the PSDCH resource configuration.

For aPSDCH period, the UE determines a discovery pool consisting of a subframe pool and a resource block pool for
PSDCH as follows.

- For TDD, if the parameter tdd-Config-r12 isindicated by the PSDCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Abitmap by,b, b, ,...,by. ; isobtained usingb; =&,y for 0< j <N, where

a,,a,,a, ,...,aNB_1 and N, arethe bitmap and the length of the bitmap indicated by subframeBitmap-ri2,
respectively, and N”= N - N, where Npisthe numRepetition-r12 indicated by the PSDCH resource
configuration.

- Thefirg N’ uplink subframes are denoted by (lo , |1 peeey | N’—l) arranged in increasing order of subframe index.

- Asubframe |, (0< j < N’) belongsto the subframe pool if b, =1. The subframes in the subframe pool

are denoted by (| :mCH ,|1PSDCH . fSDCH ) arranged in increasing order of subframeindex and Loy
PSDCH

denotes the number of subframesin the subframe pool.
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- APRBwithindex q (0<Q< N;LB) belongs to the resource block pool if S1< q< S1+M  or if
S2-M < g< S2, where S, &, and M denote the prb-Start-r12, prb-End-r12 and prb-Num-r12 indicated by
the PSDCH resource configuration respectively.

- Theresource blocks in the resource block pool are denoted by (mgSDCH , M m;%%’: pr—l) arranged
inincreasing order of resource block indicesand M F':BSDCH -™ s the number of resource blocks in the resource

block pool.

14.4  Physical Sidelink Synchronization related procedures

The synchronization resource configuration(s) for the UE are given by the higher layer parameter S_-SyncConfig-r12.
A UE shall transmit sidelink synchronisation signals according to subclause 5.10.7 in [11].

A UE may assume that sidelink synchronization signals are signals transmitted by an eNB as described in subclause
6.11 of [3] or are signals transmitted by a UE as described in [11].

A UE is not expected to blindly detect the cyclic prefix length of sidelink synchronization signals transmitted by
another UE.

For asidelink synchronization resource configuration associated with PSDCH reception, if cell cisindicated by the
parameter physCellld-r12 and if the parameter discSyncWindow-r12 is configured with value wl for cell ¢, the UE may
assume that sidelink synchronization signals are transmitted in cell ¢ and that they are received within a reference
synchronization window of size +/-w1 ms with respect to the sidelink synchronization resource of cell ¢ indicated by
higher layers. The sidelink synchronization identity associated with the sidelink synchronization resource is indicated
by higher layers.

For PSDCH reception, if cell cisindicated by the parameter physCellld-r12 and if the parameter discSyncWindow-r12
is configured with value w2 for cell ¢, the UE may assume that PSDCH of UE in cell c isreceived within areference
synchronization window of size +/-w2 ms with respect to the discovery resource of cell ¢ indicated by higher layers.

The UE transmit power of primary sidelink synchronization signal Posgs and the UE transmit power of secondary

synchronization signal  Psgg are given by

- If the UE is configured with sidelink transmission mode 1, and if the UE transmits sidelink synchronization
signalsin PSCCH period i, and if the TPC command field in the configured sidelink grant (described in [8]) for
the PSCCH periodiissetto O

PPSSS = PCMAX,PSBCH

Pssss = PCMAx,ssss

- otherwise

Poess = min{PCMAX,PSBCH » 1010935 (M psss) + Fo psss + Opsss - PL} [dB]
Pass = min{PCMAx,m’ 1010935 (M psss) + Fo psss + Opsss - PL} [dBm]

where Poyax pescn @0 Poyax sss e definedin[6]. M oo = 6and PL = PL_ where PL_ isdefinedin

subclause 5.1.1.1. Py psgs and Ofpsss are provided by higher layer parameters associated with the corresponding
sidelink synchronization signal resource configuration.

If sidelink synchronization signals are transmitted for PSDCH, and if the PSDCH transmission does not occur on any
serving cell configured for the UE, ¢ isthe cell indicated by higher layers on downlink carrier frequency indicated by
discCarrierRef [11]. Otherwise, ¢ isthe serving cell on which the sidelink synchronization signals are transmitted. |If
sidelink synchronization signals are transmitted for PSDCH, then PSDCH and sidelink synchronization signal
transmission occur on the same carrier frequency.
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15 Channel access procedures for LAA

15.1  Downlink channel access procedures

An eNB operating LAA Scell(s) shall perform the channel access procedures described in this sub clause for accessing
the channel(s) on which the LAA Scell(s) transmission(s) are performed.

15.1.1 Channel access procedure for transmission(s) including PDSCH

The eNB may transmit a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are
performed , after sensing the channel to be idle during the slot durations of a defer duration Td ; and after the counter

N iszeroin step 4. The counter N isadjusted by sensing the channel for additional slot duration(s) according to the
steps below:

where N,

1) st N=N . isarandom number uniformly distributed between 0 and CW,,;

init *
2) if N >0 and the eNB chooses to decrement the counter, set N =N —1;

3) sensethe channel for an additional slot duration, and if the additional slot durationisidle, goto step 4; else, go
to step 5;

4) if N =0, stop; else, go to step 2.

5) sense the channel during the slot durations of an additional defer duration T ;

6) if the channel is sensed to be idle during the slot durations of the additional defer duration T, go to step 2; else,
gotostep 5;

If an eNB has not transmitted a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are
performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH on the channel,

after sensing the channel to beidle at least in the slot durations of an additional defer duration T .

The defer duration T, consistsof duration T, =16usimmediately followed by M, consecutive siot durations where
each dlot durationis Ty =9us, and T, includes anidle slot duration Ty at start of T, ;

A slot duration Ty is considered to beidleif the eNB senses the channel during the slot duration, and the power
detected by the eNB for at least 4USwithin the slot duration isless than energy detection threshold Xy, o, -
Otherwise, the slot duration T is considered to be busy.

CW, o S CW, <CW,, ,isthe contention window. CW, adjustment is described in sub clause 15.1.3.

min,p —

Cw,

min,p

and CW,, , are chosen during step 1 of the procedure above.

m,, CW,,,,.ard CW_,  are based on channel access priority class associated with the eNB transmission, as

shownin Table 15.1.1-1.

X ey adjustment is described in sub clause 15.1.4

If the eNB transmits discovery signal transmission(s) not including PDSCH when N > Qin the procedure above, the
eNB shall not decrement N during the slot duration(s) overlapping with discovery signal transmission.

The eNB shall not continuously transmit on a channel on which the LAA Scell(s) transmission(s) are performed, for a
period exceeding T, asgivenin Table 15.1.1-1.

mcot, p
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For p=3and p=4 ,if the absence of any other technology sharing the carrier can be guaranteed on along term
=10ms, otherwise, T 8ms.

meot,p —

basis (e.g. by level of regulation), T,

cot,p

Table 15.1.1-1: Channel Access Priority Class

Channel
Pri c'JAr(i:t(i/eCS:ISass m, CWoinp | SWoap Tocop allowed CW,sizes
(pP)
1 1 3 7 2ms {3,7}
2 1 7 15 3ms (7,15}
3 3 15 63 8 or 10 ms {15,31,63}
4 7 15 1023 8 or10 ms {15,31,63,127,255,511,1023}

For LAA operation in Japan, if the eNB has transmitted a transmission after N = Qin step 4 of the procedure above,
the eNB may transmit the next continuous transmission, for duration of maximum TJ- =4 msec, immediately after

sensing the channel for at least a sensing interval of TJ-S =34usec, if the power detected by the eNB during TJ-S isless

than Xy, and if the total sensing and transmission time is not more than 1000- T, +LTmCOI / TJ.J-TjS HSec.

mcot

15.1.2 Channel access procedure for transmissions including discovery
signal transmission(s) and not including PDSCH

An eNB may transmit a transmission including discovery signal but not including PDSCH on a channel on which LAA
Scell(s) transmission(s) are performed immediately after sensing the channel for at least a sensing interval

T, = 25US, if the power detected by the eNB during T, islessthan X, ., and if the duration of the transmission

drs
islessthan 1 ms.

15.1.3 Contention window adjustment procedure

If the eNB transmits transmissions that are associated with channel access priority class P on achannel, the eNB
maintai ns and adj usts the contention window value CWp for those transmissions using the following steps:

1) for each priority class pe {l, 2,3 4} set CWp =CW

min,p

2) ifatleast Z =80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe
Kk are determined as NACK, increase CWp for each priority class pe {1, 2,3, 4} to the next higher allowed
value; otherwise, go to step 1.

Reference subframe K isthe starting subframe of the most recent transmission on the channel made by the eNB, for
which HARQ-ACK feedback is available.

If CWp =CW

nax,p » the next higher allowed value for adjusting CW, is CW,,, .
For determining Z ,

- if the eNB transmission(s) for which HARQ-ACK feedback is available start in the second slot of subframe K,
HARQ-ACK values corresponding to PDSCH transmission(s) in subframe K + 1are also used in addition to the
HARQ-ACK values corresponding to PDSCH transmission(s) in subframe K .
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- ‘DTX’ stateand ‘any’ state are counted as NACK, if the HARQ-ACK values corresponding to the PDSCH
transmission(s) are assigned by (E)PDCCH transmitted on the channel

- if aPDSCH transmission has two codewords, the HARQ-ACK value of each codeword is considered separately

- bundled HARQ-ACK across M subframesis considered asM HARQ-ACK responses.

If the CW, = CW, is consecutively used K timesfor generationof N, ,CW,,isresetto CW,, . for each

max, p in,p

priority class pe{l,2,3,4}. K isselected by eNB from the set of values {1, 2, ...,8}.

15.1.4 Energy detection threshold adaptation procedure

An eNB accessing achannel on which LAA Scell(s) transmission(s) are performed, shall set the energy detection
threshold ( Xes) to beless than or equal to the maximum energy detection threshold Xy e, e -

X thresh, max 1S determined as follows:

- If the absence of any other technology sharing the carrier can be guaranteed on along term basis (e.g. by level of
regulation) then:

(T +10dB,
XThre'sh_max =min X

r

- X isMaximum energy detection threshold defined by regulatory requirements in dBm when such

r

requirements are defined, otherwise X, =T,__, +10dB
- Otherwise,
—72dBm (20MHz),

- X = max T e
Thresh_max min '
Imax IA (I H I T )

- Where:
- T,=10dB for transmission(s) including PDSCH;
- TA: 5dB for transmissions including discovery signal transmission(s) and not including PDSCH;
- B, =23dBm;
I'—“TX is the set maximum eNB output power in dBm for the carrier;

- eNB uses the set maximum transmission power over asingle carrier irrespective of whether single carrier
or multi-carrier transmission is employed

T (0BM) =10-10910(3.16228-10"° (MW / MHz) - BWMHz (MHZ))

- BWMHzisthe single channel bandwidth in MHz.

15.1.5 Channel access procedure for transmission(s) on multiple channels

An eNB can access multiple channels on which LAA Scell(s) transmission(s) are performed, according to one of the
Type A or Type B procedures described in this subclause.
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15.1.5.1 Type A multi-channel access procedures

The eNB shall perform channel access on each channel C € C , according to the procedures described in subclause

15.1.1, where C isaset of channels on which the eNB intends to transmit, and i =0,1,...q—1, and qisthe
number of channels on which the eNB intends to transmit.

The counter N described in subclause 15.1.1 is determined for each channel C; andisdenotedasN, . N is

mai ntained according to subclause 15.1.5.1.1or 15.1.5.1.2.
15.1.5.1.1 Type Al

Counter N asdescribed in subclause 15.1.1 is independently determined for each channel C; and is denoted as Nq_ .

If the absence of any other technology sharing the carrier cannot be guaranteed on along term basis (e.g. by level of
regulation), when the eNB ceases transmission on any one channel Cje C , for each channel G #Cj, the eNB can

resume decrementing N ¢ Whenidle slots are detected either after waiting for a duration of 4-Tg , or after
reinitialising N, .

15.1.5.1.1 Type A2

Counter N is determined as described in subclause 15.1.1 for channel C; € C , and is denoted as ch , Where C;is

the channel that hasthe largest CVW, value. For each channdl G, N = N, .

If the absence of any other technology sharing the carrier cannot be guaranteed on along term basis (e.g. by level of
regulation), when the eNB ceases transmission on any one channel for which Nq is determined, the eNB shall

reinitialise N; for all channels.
15.1.5.2 Type B multi-channel access procedure
A channel C; € C isselected by the eNB asfollows

- theeNB selects C by uniformly randomly choosing C from C before each transmission on multiple channels

ceC,or
- theeNB selects C;no more frequently than once every 1 second,

where C isaset of channels on which the eNB intends to transmit, i =0,1,... g—1,and qisthe number of
channels on which the eNB intends to transmit.

To transmit on channel C J-

- the eNB shall perform channel access on channel C; according to the procedures described in subclause 15.1.1
with the modifications described in 15.1.5.2.1 or 15.1.5.2.2.

To transmit on channel C #C;, € C

- for each channel C , the eNB shall sensethe channel G, for at least asensing interval T, . = 25US
immediately before the transmitting on channel C; , and the eNB may transmit on channel G immediately after

sensing the channel C , if the power detected by the eNB on channel C during T, islessthan X, o -
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15.1.5.2.1 Type B1

For determining CWp of channel C; , step 2 of the procedure described in sub clause 15.1.3 is modified as follows

2) ifatleast Z =80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe
K of al channels C € C are determined as NACK, increase CWp of channel C; for each priority class

pe {ZL 2,3, 4} to the next higher allowed value; otherwise, go to step 1.

15.1.5.2.2 Type B2

A CW, value is maintained independently for each channel C; € C using the procedure described in subclause 15.1.3.

For determining N, for channel C;, CW, valueof channel C;, € Cisused, where C;, isthe channel with largest
CW,among all channelsinset C.
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2007-09 Updated Editor's version reflecting comments 1.3.1 1.3.2
2007-09 Updated Editor's version reflecting further comments 1.3.2 1.3.3
2007-09 Updated Editor's version reflecting further comments 1.3.3 1.34
2007-09 Updated Edtior's version reflecting further comments 1.3.4 1.35
2007-09 | RAN-37 [RP-070731 Endorsed by RAN1 1.3.5 2.0.0
2007-09 | RAN-37 |RP-070737 For approval at RAN#37 2.0.0 2.1.0

12/09/07 | RP-37 |RP-070737| - - |Approved version 2.1.0 8.0.0
28/11/07 | RP-38 |RP-070949| 0001 | 2 |Update of 36.213 8.0.0 8.1.0
05/03/08 | RP-39 |RP-080145| 0002 | - |Updateof TS 36.213 according to changes listed in cover sheet 8.1.0 8.2.0
28/05/08 | RP-40 |RP-080434( 0003 | 1 |PUCCH timing and other formatting and typo corrections 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0006 | 1 [PUCCH power control for non-unicast information 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0008 | - |UE ACK/NACK Procedure 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0009 | - |UL ACK/NACK timing for TDD 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0010 [ - |Specification of UL control channel assignment 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0011 | - |Precoding Matrix for 2Tx Open-loop SM 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434[ 0012 [ - |Clarifications on UE selected CQI reports 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0013 [ 1 |UL HARQ Operation and Timing 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0014 | - [SRS power control 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0015 | 1 |Correction of UE PUSCH frequency hopping procedure 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434]| 0017 | 4 |Blind PDCCH decoding 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0019 | 1 |Tx Mode vs DCI format is clarified 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0020 | - |Resource allocation for distributed VRB 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0021 | 2 |Power Headroom 8.2.0 8.3.0
28/05/08 | RP-40 |[RP-080434( 0022 ( - |Clarification for Rl reportingin PUCCH and PUSCH reporting [8.2.0 8.3.0

modes

28/05/08 | RP-40 |RP-080434[ 0025 | - |Correction of the description of PUSCH power control for TDD [8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0026 | - |UL ACK/NACK procedure for TDD 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434[ 0027 [ - |Indication of radio problem detection 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0028 | - |Definition of Relative Narrowband TX Power Indicator 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0029 | - |Calculation of Arg(i) for UL-PC 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434( 0030 ( - |CQIreference and set S definition, CQI mode removal, and 8.2.0 8.3.0

Miscellanious
28/05/08 | RP-40 |RP-080434| 0031 | - |Modulation order and TBS determination for PDSCH and 8.2.0 8.3.0
PUSCH

28/05/08 | RP-40 |RP-080434| 0032 | - |On Sounding RS 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080426( 0033 [ - |Multiplexing of rank and CQI/PMI reports on PUCCH 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080466[ 0034 [ - |Timing advance command responding time 8.2.0 8.3.0
09/09/08 | RP-41 |[RP-080670| 37 2 |SRS hopping pattern for closed loop antenna selection 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 39 2 |Clarification on uplink power control 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 41 - | Clarification on DCI formats using resource allocation type 2 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 43 2 |Clarification on tree structure of CCE aggregations 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 46 2 |Correction of the description of PUCCH power control for TDD ]8.3.0 8.4.0
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09/09/08 | RP-41 |RP-080670| 47 1 |Removal of CRO009 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 48 1 |[Correction of mapping of cyclic shift value to PHICH modifier 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 49 - | TBS disabling for DCI formats 2 and 2A 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 50 - _[Correction of maximum TBS sizes 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 51 _ |Completion of the table specifying the number of bits for the 8.3.0 8.4.0
periodic feedback
09/09/08 | RP-41 |RP-080670 54 _|Clarification of RNTI for PUSCH/PUCCH power control with DCI (8.3.0 8.4.0
formats 3/3A
09/09/08 | RP-41 |RP-080670( 55 1 |[Clarification on mapping of Differential CQlI fields 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 59 1 |PUSCH Power Control 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 60 _|RB restriction and modulation order for CQIl-only transmission  |8.3.0 8.4.0
on PUSCH
09/09/08 | RP-41 |RP-080670( 61 - |Modulation order determination for uplink retransmissions 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 62 2 |Introducing missing L1 parameters into 36.213 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 63 2 |Correcting the range and representation of delta TF_PUCCH ]8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 64 1 |Adjusting TBS sizes to for VoIP 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 67 - _[Correction to the downlink resource allocation 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 68 _|Removal of special handling for PUSCH mapping in PUCCH 8.3.0 8.4.0
region
09/09/08 | RP-41 |RP-080670( 69 - | Correction to the formulas for uplink power control 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 70 1 |[Definition of Bit Mapping for DCI Signalling 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 71 - _|Clarification on PUSCH TPC commands 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 72 1 [Reference for CQI/PMI Reporting Offset 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 74 - |Correction to the downlink/uplink timing 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 75 - | Correction to the time alignment command 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 77 1 [Correction of offset signalling of UL Control information MCS 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 78 2 [DCI formatlC 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 80 _|Correction to Precoder Cycling for Open-loop Spatial 8.3.0 8.4.0
Multiplexing
09/09/08 | RP-41 |RP-080670( 81 1 |[Clarifying Periodic CQI Reporting using PUCCH 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 84 1 [CQI reference measurement period 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 86 - [Correction on downlink multi-user MIMO 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 87 - _|PUCCH Reporting 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 88 1 |Handling of Uplink Grant in Random Access Response 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 89 - |Correction to UL Hopping operation 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 90 - |DRS EPRE 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 92 - |Uplink ACK/NACK mapping for TDD 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 93 - |UL SRI Parameters Configuration 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 94 - |Miscellaneous updates for 36.213 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 95 - | Clarifying Requirement for Max PDSCH Coding Rate 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 96 - |UE Specific SRS Configuration 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 97 _|DClI Folrmat 1A changes needed for scheduling Broadcast 8.3.0 8.4.0
Contro
09/09/08 | RP-41 |RP-080670( 98 - |Processing of TPC bits in the random access response 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 100 1 |[Support of multi-bit ACK/NAK transmission in TDD 8.3.0 8.4.0
03/12/08 | RP-42 |RP-081075( 82 3 |Corrections to RI for CQI reporting 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 83 2 |Moving description of large delay CDD to 36.211 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 102 3 |Reception of DCI formats 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 105 8 |Alignment of RAN1/RAN2 specification 8.4.0 8.5.0
03/12/08 [ RP-42 |RP-081075 107 1 General correction of reset of power control and random access |8.4.0 8.5.0
response message
03/12/08 | RP-42 |RP-081075| 108 2 [Final details on codebook subset restrictions 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 109 - | Correction on the definition of Pmax 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 112 2 |CQI/PMI reference measurement periods 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 113 - | Correction of introduction of shortened SR 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 114 - |RAN1/2 specification alignment on HARQ operation 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 115 - |Introducing other missing L1 parameters in 36.213 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 116 - |PDCCH blind decoding 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 117 - |PDCCH search space 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 119 - |Delta_TF for PUSCH 8.4.0 8.5.0
03/12/08 [ RP-42 |RP-081075 120 _|Delta_preamble_msg3 parameter values and TPC command in (8.4.0 8.5.0
RA response
03/12/08 | RP-42 |RP-081075( 122 1 |[Correction of offset signaling of uplink control information MCS |8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 124 - [Miscellaneous Corrections 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 125 - | Clarification of the uplink index in TDD mode 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 126 - |Clarification of the uplink transmission configurations 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 127 2 |Correction to the PHICH index assignment 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 128 - |Clarification of type-2 PDSCH resource allocation for format 1C |8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 129 - |Clarification of uplink grant in random access response 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 130 - |UE sounding procedure 8.4.0 8.5.0
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03/12/08 | RP-42 |RP-081075 134 _|Change for determining DCI format 1A TBS table column 8.4.0 8.5.0
indicator for broadcast control
03/12/08 | RP-42 |RP-081075( 135 - | Clarifying UL VRB Allocation 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 136 1 |Correction for Aperiodic CQI 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 137 1 [Correction for Aperiodic CQI Reporting 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 138 1 |[Correction to PUCCH CQI reporting mode for N*DL_RB <=7 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 140 1 |On sounding procedure in TDD 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 141 1 [Alignment of RAN1/RANS specification 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 143 1 |TTI bundling 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 144 1 |ACK/NACK transmission on PUSCH for LTE TDD 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 145 1 |[Timing relationship between PHICH and its associated PUSCH |8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 147 1 Definition of parameter for downlink reference signal transmit 8.4.0 8.5.0
power
03/12/08 | RP-42 |RP-081075( 148 1 |Radio link monitoring 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 149 1 |[Correction in 36.213 related to TDD downlink HARQ processes |8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 151 - |Nominal PDSCH-to-RS EPRE Offset for CQI Reporting 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 152 1 [Support of UL ACK/NAK repetition in Rel-8 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 155 - | Clarification of misconfiguration of aperiodic CQI and SR 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 156 1 Correction of control information multiplexing in subframe 8.4.0 8.5.0
bundling mode
03/12/08 | RP-42 |RP-081075( 157 - | Correction to the PHICH index assignment 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 158 1 |UE transmit antenna selection 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 159 - |Clarification of spatial different CQI for CQI reporting Mode 2-1 18.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 160 1 [Corrections for TDD ACK/NACK bundling and multiplexing 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 161 - | Correction to RI for Open-Loop Spatial Multiplexing 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 162 - | Correction of differential CQI 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 163 - |Inconsistency between PMI definition and codebook index 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 164 - |PDCCH validation for semi-persistent scheduling 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 Correction to the UE behavior of PUCCH CQI piggybacked on (8.4.0 8.5.0
1651 1 lpuscH
03/12/08 | RP-42 |RP-081075 166 ) _Corre(étion on SRS procedure when shortened PUCCH format (8.4.0 8.5.0
is use
03/12/08 | RP-42 |RP-081075 167 1 Transmission overlapping of physical channels/signals with 8.4.0 8.5.0
PDSCH for transmission mode 7
03/12/08 | RP-42 |RP-081075( 169 - |Clarification of SRS and SR transmission 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 171 - | Clarification on UE behavior when skipping decoding 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 172 1 |PUSCH Hopping operation corrections 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 173 - |Clarification on message 3 transmission timing 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 174 - |MCS handling for DWPTS 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 175 ) Clarificgtic_)n of UE-specific time domain position for SR 8.4.0 8.5.0
transmission
03/12/08 | RP-42 |RP-081075( 176 1 [Physical layer parameters for CQI reporting 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075( 177 - |A-periodic CQI clarification for TDD UL/DL configuration O 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 179 1 Correction to the definitions of rho_A and rho_B (downlink 8.4.0 8.5.0
power allocation)
03/12/08 | RP-42 |RP-081075( 180 - |Clarification of uplink A/N resource indication 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 PDCCH format 0 for message 3 adaptive retransmission and 8.4.0 8.5.0
181 - |transmission of control information in message 3 during
contention based random access procedure
03/12/08 | RP-42 |RP-081075 182 _ |To Fix the Discrepancy of Uplink Power Control and Channel 8.4.0 8.5.0
Coding of Control Information in PUSCH
03/12/08 | RP-42 |RP-081122( 183 1 [CQI reporting for antenna port 5 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081110( 168 1 |[Clarification on path loss definition 8.4.0 8.5.0
04/03/09 | RP-43 |RP-090236( 184 1 [Corrections to Transmitted Rank Indication 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 185 4 [Corrections to transmission modes 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 186 2 |Delta_TF configuration for control only PUSCH 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 187 1 |Correction to concurrent SRS and ACK/NACK transmission 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 191 1 [PDCCH release for semi-persistent scheduling 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 192 1 |Correction on ACKNACK transmission on PUSCH for LTE TDD (8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 193 - | Correction to subband differential CQI value to offset level 8.5.0 8.6.0
] mapping for aperiodic CQI reporting
04/03/09 | RP-43 |RP-090236( 194 - | Correction for DRS Collision handling 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 196 2 |Alignment of RAN1/RAN4 specification on UE maximum output |8.5.0 8.6.0
power
04/03/09 | RP-43 RP-090236 197 - ;r’isll_rll_lsmission scheme for transmission mode 7 with SPS C- 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 198 - | Clarifying bandwidth parts for periodic CQI reporting and CQI 8.5.0 8.6.0
refererence period
04/03/09 | RP-43 199 2 |Correction to the ACK/NACK bundling in case of transmission |8.5.0 8.6.0
RP-090236
mode 3 and 4
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04/03/09 | RP-43 |RP-090236( 200 - |ACK/NAK repetition for TDD ACK/NAK multiplexing 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 201 - | Clarifying UL ACK/NAK transmission in TDD 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 202 - |Corrections to UE Transmit Antenna Selection 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 203 - | Correction to UE PUSCH hopping procedure 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 204 - |Correction to PHICH resource association in TTI bundling 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 205 - | Clarification of the length of resource assignment 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 206 - |Correction on ACK/NACK transmission for downlink SPS 8.5.0 8.6.0
resource release
04/03/09 | RP-43 RP-090236 207 - Int_roqu_c_tion of additional values of wideband CQI/PMI 8.5.0 8.6.0
periodicities
04/03/09 | RP-43 |RP-090236( 208 2 |Correction to CQI/PMI/RI reporting field 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 209 2 |Correction to rho_A definition for CQI calculation 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 210 - _|Correction to erroneous cases in PUSCH linear block codes 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 211 1 |Removing RL monitoring start and stop 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 214 1 |[Correction to type-1 and type-2 PUSCH hopping 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 215 - | Contradicting statements on determination of CQI subband size |8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 216 - _|Corrections to SRS 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 219 2 [Miscellaneous corrections on TDD ACKNACK 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 221 1 [CR for Redundancy Version mapping function for DCI 1C 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 223 - |Scrambling of PUSCH corresponding to Random Access 8.5.0 8.6.0
Response Grant
04/03/09 | RP-43 |RP-090236( 225 - |Removal of SRS with message 3 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 226 3 |PRACH retransmission timing 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 227 - |Clarifying error handling of PDSCH and PUSCH assignments  |8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 228 - _|Clarify PHICH index mapping 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 229 - |Correction of CQI timing 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 230 - | Alignment of CQI parameter names with RRC 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 231 1 [Removal of 'Off' values for periodic reporting in L1 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 232 - _|Default value of RI 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 233 1 [Clarification of uplink timing adjustments 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 234 - |Clarification on ACK/NAK repetition 8.5.0 8.6.0
27/05/09 | RP-44 RP-090529 235 1 |Correction to Fhe condition of resetting accumulated uplink 8.6.0 8.7.0
power correction
27/05/09 | RP-44 RP-090529 236 - Correc_tion to the random access channel parameters received |8.6.0 8.7.0
from higher layer
27/05/09 | RP-44 |RP-090529| 237 - _|Correction on TDD ACKNACK 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529( 238 1 [Correction on CQI reporting 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529( 239 - | Correction on the HARQ process number 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529( 241 1 [CR correction of the description on TTI-bundling 8.6.0 8.7.0
27/05/09 | RP-44 RP-090529 242 1 |Clarify latest and initial PDCCH for EDSCH and PUSCH 8.6.0 8.7.0
transmisisons, and NDI for SPS activation
27/05/09 | RP-44 |RP-090529( 243 - | Clarify DRS EPRE 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529| 244 1 |Clarification on TPC commands for SPS 8.6.0 8.7.0
15/09/09 | RP-45 [RP-090888| 245 1 |Correction to PUSCH hopping and PHICH mapping procedures |8.7.0 8.8.0
15/09/09 | RP-45 |RP-090888| 246 - | Clarification on subband indexing in periodic CQI reporting 8.7.0 8.8.0
15/09/09 | RP-45 |RP-090888| 247 2 |Correction to DVRB operation in TDD transmission mode 7 8.7.0 8.8.0
15/09/09 | RP-45 RP-090888 249 - | Clarification of concurrent ACKNACK and periodic PMI/RI 8.7.0 8.8.0
transmission on PUCCH for TDD
15/09/09 | RP-45 |RP-090888| 250 - |Clarify Inter-cell synchronization text 8.7.0 8.8.0
01/12/09 | RP-46 |RP-091172( 248 1 [Introduction of LTE positioning 8.8.0 9.0.0
01/12/09 | RP-46 254 - |Clarification of PDSCH and PRS in combination for LTE 8.8.0 9.0.0
RP-091172 e
positioning
01/12/09 | RP-46 |RP-091177( 255 5 |Editorial corrections to 36.213 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091257( 256 1 |Introduction of enhanced dual layer transmission 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091177( 257 1 |Add shorter SR periodicity 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091256| 258 - [Introduction of LTE MBMS 8.8.0 9.0.0
17/12/09 | RP-46 256 1 |Correction by MCC due to wrong implementation of CR0256r1 —|9.0.0 9.0.1
RP-091257 Sentence is added to Single-antenna port scheme subclause
7.1.1
16/03/10 | RP-47 259 3 |UE behavior when collision of antenna port 7/8 with PBCH or 9.0.1 9.1.0
RP-100211 SCH happened and when distributed VRB is used with antenna
port 7
16/03/10 | RP-47 |RP-100210| 260 1 [MCCH change natification using DCI format 1C 9.0.1 9.1.0
16/03/10 | RP-47 RP-100211 263 - |Correction on PDSCH EPRE and UE-specific RS EPRE for Rel- [9.0.1 9.1.0
9 enhanced DL transmissions
01/06/10 | RP-48 RP-100589 265 - |Clarification fo_r TDD when multiplexing ACK/NACK with SR of [9.1.0 9.2.0
ACK/NACK with CQI/PMI or RI
01/06/10 | RP-48 |RP-100590| 268 | 1 |Clarification of PRS EPRE 9.1.0 9.2.0
14/09/10 | RP-49 |RP-100900| 269 - | Clarification on Extended CP support with Transmission Mode 8 |9.2.0 9.3.0
07/12/10 | RP-50 |RP-101320( 270 - |Introduction of Rel-10 LTE-Advanced features in 36.213 9.3.0 10.0.0
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27/12/10 - - - - | Editorial change to correct a copy/past error in subclause 7.2.2 ]10.0.0 ]10.0.1
15/03/11 | RP-51 |RP-110255| 271 1 |A clarification for redundancy version of PMCH 10.0.1 (10.1.0
15/03/11 | RP-51 |RP-110258| 272 - |RLM Procedure with restricted measurements 10.0.1 [10.1.0
15/03/11 | RP-51 |RP-110256| 273 - |Corrections to Rel-10 LTE-Advanced features in 36.213 10.0.1 [10.1.0
01/06/11 | RP-52 |RP-110819( 274 3 |Correction to HARQ-ACK procedure for TDD mode b with M=2 ]10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 275 3 |Determination of PUSCH A/N codebook size for TDD 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110823[ 276 - | The triggering of aperiodic SRS in DCI formats 2B and 2C 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 278 3 |Corrections to power headroom 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 279 1 [Removal of square brackets for PUCCH format 3 ACK/NACK 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 281 1 |Correction of AN repetition and PUCCH format 3 10.1.0 [10.2.0
01/06/11 | RP-52 282 2 |Correction to timing for secondary cell activation and 10.1.0 (10.2.0
RP-110819 o
deactivation
01/06/11 | RP-52 |RP-110823( 283 1 |Correction to MCS offset for multiple TBs 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110820( 286 1 [Miscellaneous Corrections 10.1.0 [10.2.0
01/06/11 | RP-52 288 1 |Corrections on UE procedure for determining PUCCH 10.1.0 (10.2.0
RP-110819 ;
Assignment
01/06/11 | RP-52 |RP-110819( 289 2 |Correction to Multi-cluster flag in DCI format 0 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 290 2 | Joint transmission of ACK/NACK and SR with PUCCH format 3 |10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 291 3 | Correction of uplink resource allocation type 1 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110821( 292 1 |[Correction on CSI-RS configuration 10.1.0 [10.2.0
01/06/11 | RP-52 294 - |ACK/NACK and CQI simultaneous transmission in ACK/NACK 10.1.0 |10.2.0
RP-110818 L
bundling in TDD
01/06/11 | RP-52 |RP-110823[ 295 - |UE specific disabling of UL DMRS sequence hopping 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110821[ 296 - |PDSCH transmission in MBSFN subframes 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 297 - |Introduction of PCMAX for PUSCH power scaling 10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 298 - |Power control for SR and ACK/NACK with PUCCH format 3 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 299 2 |CR on power control for HARQ-ACK transmission on PUCCH |10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819( 300 2 |Correction to handling of search space overlap 10.1.0 [10.2.0
01/06/11 | RP-52 RP-110819 301 1 |Correction to simultaneous transmission of SRS and PUCCH 10.1.0 (10.2.0
format 2/2a/2b
01/06/11 | RP-52 302 1 |Correction for Simultaneous PUCCH and SRS Transmissions |10.1.0 |10.2.0
RP-110819 on CA
01/06/11 | RP-52 303 - | Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-/10.1.0 |10.2.0
RP-110821 1
01/06/11 | RP-52 304 1 |[Corrections on CQI type in PUCCH mode 2-1 and clarification |10.1.0 |10.2.0
RP-110821 on simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RP-52 RP-110818 305 1 |Correction on UE behaviour upon reporting periodic CSl using |10.1.0 |10.2.0
PUCCH Model-1
01/06/11 | RP-52 |RP-110818[ 306 - |Clarification for the definition of CQI 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110818( 307 - |Clarification for the definition of Precoding Matrix Indicator 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 308 - _|Simultaneous SRS transmissions in more than one cell 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 310 1 [Miscellaneous Corrections for TS 36.213 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110821( 311 1 [Configuration of pmi-RI-Report 10.1.0 (10.2.0
01/06/11 | RP-52 312 1 |Correction on the support of PUCCH format 3 and channel 10.1.0 (10.2.0
RP-110819 selection
01/06/11 | RP-52 313 - |Correction on UE behaviour during DM-RS transmission on 10.1.0 (10.2.0
RP-110821 - I A
subframes carrying synchronization signals
01/06/11 | RP-52 |RP-110820( 314 1 |36.213 CR on antenna selection 10.1.0 10.2.0
01/06/11 | RP-52 |RP-110823[ 316 1 [Number of HARQ process for UL spatial multiplexing 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 317 - |PUCCH format 3 Fallback procedure in TDD 10.1.0 [10.2.0
01/06/11 | RP-52 318 - |Clarification on CSI reporting under an invalid downlink 10.1.0 (10.2.0
RP-110819 subframe
01/06/11 | RP-52 |RP-110819( 320 - |Multiple Aperiodic SRS Triggers for Same Configuration 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110823[ 321 - |UE antenna switch in UL MIMO 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819( 322 - |UE behaviour for PDSCH reception with limited soft buffer in CA|10.1.0 |10.2.0
01/06/11 | RP-52 323 - |Joint transmission of ACK/NACK and SR or CSI with PUCCH 10.1.0 (10.2.0
RP-110859 )
format 3 and channel selection
15/09/11 | RP-53 |RP-111229| 277 1 [Correction to reception of PRS in MBSEN subframes 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111230| 325 3 |Corrections on UE procedure for reporting HARQ-ACK 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111230| 326 2 |Corrections on Physical Uplink Control Channel Procedure 10.2.0 [10.3.0
15/09/11 | RP-53 Correction to uplink transmission scheme usage for random 10.2.0 (10.3.0
RP-111231( 331 1 ] S
access response and PHICH-triggered retransmissions
15/09/11 | RP-53 |RP-111229| 336 - | Corrections on transmission mode 9 10.2.0 [10.3.0
15/09/11 | RP-53 [RP-111230| 339 - | Corrections on HARQ-ACK codebook size determination 10.2.0 (10.3.0
15/09/11 | RP-53 RP-111230| 340 _ |Corrections on TDD PUCCH format 1b with channel selection |10.2.0 (10.3.0
and HARQ-ACK transmission on PUSCH
15/09/11 | RP-53 |RP-111230| 341 - _|Corrections on NACK generation 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111230| 342 - | Corrections on power headroom reporting 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111229| 346 - |Correction on TBS translation table 10.2.0 [10.3.0
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15/09/11 | RP-53 |RP-111229| 347 2 |Correction to the condition of enabling PMI feedback 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111232| 348 - _|Miscellaneous corrections to 36.213 10.2.0 |10.3.0
15/09/11 | RP-53 |RP-111229| 349 - _|Corrections on PUSCH and PUCCH modes 10.2.0 |10.3.0
15/09/11 | RP-53 [RP-111231| 350 1 |CR on UL HARQ ACK determination 10.2.0 (10.3.0
15/09/11 | RP-53 RP-111231| 351 1 Correctio_n on UL DMRS resources for PHICH-triggered 10.2.0 (10.3.0
retransmission
15/09/11 | RP-53 |RP-111230| 352 - _|Clarification on the common search space description 10.2.0 [10.3.0
15/09/11 | RP-53 Clarification on ambiguous DCI information between UE-specific(10.2.0 (10.3.0
RP-111232| 353 1 |search space and common search space for DCI formats 0 and
1A
15/09/11 | RP-53 RP-111229| 354 ) (Fllleaggi)c;é:?n of Reference PDSCH Power for CSI-RS based CSI |10.2.0 |10.3.0
15/09/11 | RP-53 |RP-111230| 355 2 |Corrections on reporting Channel State Information 10.2.0 [10.3.0
05/12/11 | RP-54 |RP-111669( 324 | 3 |Accumulation of power control commands from DCI format 3/3A|10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666( 357 1 [Miscellaneous corrections on uplink power control 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666( 358 - | Corrections on N_c*{received} 10.3.0 [10.4.0
05/12/11 | RP-54 359 - |Corrections on TDD PUCCH format 1b with channel selection |10.3.0 |10.4.0
RP-111666 " )
and two configured serving cells
05/12/11 | RP-54 |RP-111666( 360 - | Corrections on the notation of k and k_m 10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111668| 361 1 |Corrections on PUCCH mode 2-1 10.3.0 |10.4.0
05/12/11 | RP-54 362 3 | A correction to PDSCH transmission assumption for CQI 10.3.0 (10.4.0
RP-111668 :
calculation
05/12/11 | RP-54 |RP-111666| 363 1 |Corrections on PUCCH Resource Notation 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111667[ 364 - | Correction on the notation of SRS transmission comb 10.3.0 |10.4.0
05/12/11 | RP-54 365 - |Clarification on the HARQ-ACK procedure of TDD UL-DL 10.3.0 [10.4.0
RP-111666 N f
configuration 5
05/12/11 | RP-54 RP-111666 366 2 |Clarification on the determination of resource for PUCCH 10.3.0 [10.4.0
Format 1b with channel selection in TDD mode
05/12/11 | RP-54 |RP-111666( 367 1 |Correction on HARQ-ACK procedure 10.3.0 10.4.0
05/12/11 | RP-54 368 - |Correction for A/N on PUSCH with W=1,2 in case of TDD 10.3.0 [10.4.0
RP-111666 .
channel selection
05/12/11 | RP-54 |RP-111668[ 369 - _|Clarification of PUCCH 2-1 Operation 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111668( 370 1 |[Correction on PMI index 10.3.0 (10.4.0
05/12/11 | RP-54 |RP-111666( 371 2 |Correction to periodic CSI reports for carrier aggregation 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666( 373 1 |Removal of square bracket in HARQ-ACK procedure 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666( 374 1 [Clarification on UE's capability of supporting PUCCH format3 |10.3.0 ]10.4.0
05/12/11 | RP-54 |RP-111666( 375 1 |[Clarifications of UE behavior on PUSCH power control 10.3.0 (10.4.0
28/02/12 | RP-55 376 1 |RNTI Configuration associated with DL Resource Allocation 10.4.0 (10.5.0
RP-120286 Type 2
28/02/12 | RP-55 RP-120283 377 2 [Correction for ACK/NACK related procedure in case of TDD UL-{10.4.0 [10.5.0
) DL configuration 0
13/06/12 | RP-56 RP-120737 378 3 Correc?ior_] of FDD channel selection HARQ-ACK and SR 10.5.0 (10.6.0
transmission
13/06/12 | RP-56 |RP-120738| 379 - |Removal of description with square brackets 10.5.0 [10.6.0
13/06/12 | RP-56 RP-120738 381 - Correct_ior_l on transmission mode 9 with a single antenna port  [10.5.0 (10.6.0
transmission
04/09/12 | RP-57 |RP-121265( 382 - | Clarification of codebook subsampling for PUCCH 2-1 10.6.0 [10.7.0
04/09/12 | RP-57 |RP-121266( 383 - | Correction to UE transmit antenna selection 10.6.0 [10.7.0
04/09/12 | RP-57 RP-121264 384 - | TDD HARQ-ACK procedure for PUCCH format 1b with channel |10.6.0 |10.7.0
selection in carrier aggregation
04/09/12 | RP-57 |RP-121265( 385 - | Corrections for Handling CSI-RS patterns 10.6.0 [10.7.0
04/09/12 | RP-57 |RP-121264( 386 1 [Reference serving cell for pathloss estimation 10.6.0 (10.7.0
04/09/12 | RP-57 |RP-121264( 387 - |Power control for PUCCH format 3 with single configured cell 10.6.0 [10.7.0
04/09/12 | RP-57 |RP-121264| 388 - |ACK/NACK resource in case of channel selection 10.6.0 |10.7.0
04/09/12 | RP-57 |RP-121274( 380 4 |Introduction of an additional special subframe configuration 10.7.0 [11.0.0
04/09/12 | RP-57 |RP-121272| 389 - |Introduction of Rel-11 features 10.7.0 |11.0.0
04/12/12 | RP-58 |RP-121839( 393 - | Correction to the parameter ue-Category-v10xy 11.0.0 (11.1.0
04/12/12 | RP-58 RP-121837 395 - | Correction of reference signal scrambling sequence initialization |11.0.0 |11.1.0
) for SPS in transmission mode 7
04/12/12 | RP-58 |RP-121846( 396 - |Finalisation for introducing Rel-11 features 11.0.0 [11.1.0
26/02/13 | RP-59 |RP-130254( 398 - | Correction on UE procedure for reporting HARQ-ACK 11.1.0 (11.2.0
26/02/13 | RP-59 |RP-130252( 400 - |Corrections for SRS power scaling in UpPTS 11.1.0 (11.2.0
26/02/13 | RP-59 403 - |CR on UE specific search and Common search space overlap [11.1.0 |11.2.0
RP-130252
on PDCCH
26/02/13 | RP-59 404 - | Additional clarifications/corrections for introducing Rel-11 11.1.0 (11.2.0
RP-130358 features
11/06/13 | RP-60 405 - |Correction to EPDCCH monitoring in case of cross-carrier 11.2.0 (11.3.0
RP-130752 .
scheduling
11/06/13 | RP-60 [RP-130751| 407 1 |Correction on the RI bit width 11.2.0 11.3.0
11/06/13 | RP-60 |RP-130750| 408 - | Correction on parallel reception of PDSCH and Msg 2 11.2.0 (11.3.0
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11/06/13 | RP-60 |RP-130747| 409 - | Correction on zero power CSI-RS resource configuration 11.2.0 [11.3.0
11/06/13 | RP-60 410 1 |Corrections on different TDD UL-DL configurations on different |11.2.0 |11.3.0
RP-130750 bands
11/06/13 | RP-60 |RP-130752| 411 - | Correction on EPDCCH PRB pair indication 11.2.0 [11.3.0
11/06/13 | RP-60 |RP-130752| 412 - |Correction on EPDCCH hashing function 11.2.0 [11.3.0
11/06/13 | RP-60 413 - |Correction on PUCCH resource determination for FDD 11.2.0 |11.3.0
RP-130752 EPDCCH
11/06/13 | RP-60 RP-130752 414 | 2 |CR on ambiguity in EPDCCH decoding candidates under two 11.2.0 |11.3.0
) overlapped EPDCCH resource sets
11/06/13 | RP-60 415 - |Removal of the case for spatial domain bundling in TDD UL/DL |11.2.0 |11.3.0
RP-130749 . :
configuration 0
11/06/13 | RP-60 |RP-130752| 416 - | Corrections to EPDCCH PRB pair indication 11.2.0 (11.3.0
11/06/13 | RP-60 RP-130753 417 1 |Correction to PUSCH/PUCCH transmit power after PRACH 11.2.0 (11.3.0
power ramping
11/06/13 | RP-60 |RP-130747| 418 - |CR on RI-Reference CSI| Process with Subframe Sets 11.2.0 [11.3.0
11/06/13 | RP-60 420 - | Correction on UE-specific RS scrambling for SPS PDSCH in 11.2.0 (11.3.0
RP-130747 ™10
11/06/13 | RP-60 |RP-130747| 421 - |CR on resolving ambiguous UE capability signaling for CoMP  |11.2.0 |11.3.0
11/06/13 | RP-60 |RP-130750| 422 - | Correction of valid downlink subframe 11.2.0 (11.3.0
11/06/13 | RP-60 424 - | Correction on HARQ-ACK transmission for a UE configured with|11.2.0 |11.3.0
RP-130749
PUCCH format 3
11/06/13 | RP-60 |RP-130750| 425 - | Correction of PHICH resource for half duplex TDD UE 11.2.0 (11.3.0
11/06/13 | RP-60 RP-130750 426 - |Correction on n_{HARQ} for TDD CA with different UL-DL 11.2.0 (11.3.0
) configurations
11/06/13 | RP-60 427 - |Correction on implicit HARQ-ACK resource determination for 11.2.0 (11.3.0
RP-130750 PUCCH format 1b with channel selection for TDD CA with
different UL-DL configurations
11/06/13 | RP-60 |RP-130750| 428 - | Correction on SRS power scaling with multiple TAGs 11.2.0 [11.3.0
11/06/13 | RP-60 |RP-130747| 429 - | Correction on MBSEN subframe configuration 11.2.0 (11.3.0
11/06/13 | RP-60 |RP-130749| 430 - |CR on ScCell activation timing 11.2.0 [11.3.0
03/09/13 MCC clean-up 11.3.0 [11.4.0
03/09/13 | RP-61 |RP-131249( 432 - | Correction for EPDCCH Search Space 11.3.0 [11.4.0
03/09/13 | RP-61 |RP-131250( 433 - | Correction to QCL behaviour on CRS 11.3.0 (11.4.0
03/09/13 | RP-61 |RP-131250( 434 - |Correction on PUCCH power control 11.3.0 [11.4.0
03/09/13 | RP-61 435 - |Correction on the ratio of PDSCH EPRE to CRS EPRE for 11.3.0 |[11.4.0
RP-131248 ™10
03/09/13 | RP-61 |RP-131249( 436 - |CR on EPDCCH Search Space for Cross-Carrier Scheduling 11.3.0 [11.4.0
03/09/13 | RP-61 RP-131249 437 - |Correction to the UE behaviour in case of collision between 11.3.0 (11.4.0
PRS and EPDCCH in different CP case
03/09/13 | RP-61 RP-131249 438 - |On correction to higher layer parameter name for EPDCCH 11.3.0 (11.4.0
resource mapping
03/09/13 | RP-61 |RP-131248( 439 - |Correction to PDSCH mapping for CoMP 11.3.0 [11.4.0
03/12/13 | RP-62 |RP-131893( 440 1 |[Correction on parameter ue-Category 11.4.0 (11.5.0
03/12/13 | RP-62 442 1 |Correction on determination of modulation order and transport |11.4.0 |11.5.0
RP-131892 block size
03/12/13 | RP-62 |RP-132024( 445 3 | Correction on CSI reporting type and parameters 11.4.0 [11.5.0
03/12/13 | RP-62 |RP-131894( 446 - | Correction on deriving the length of the non-MBSFN region 11.4.0 [11.5.0
03/12/13 | RP-62 |RP-131896( 431 5 |Introduction of Rel 12 feature for Downlink MIMO Enhancement |11.5.0 [12.0.0
03/03/14 | RP-63 |RP-140286( 447 - | Correction to CSI Reporting 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140291( 448 - |Clarification on PUCCH Mode 1-1 for 4Tx Dual Codebook 12.0.0 (12.1.0
03/03/14 | RP-63 |RP-140287( 450 1 [Common search space monitoring for MBMS 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140290( 452 - _|Introduction of new UE categories 12.0.0 (12.1.0
03/03/14 | RP-63 |RP-140288( 455 1 [Modification to |_SRS = 0 for trigger type 1 SRS and TDD 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140289( 458 - | Correction to CSI processing in TM10 12.0.0 [12.1.0
10/06/14 | RP-64 |RP-140858| 459 1 |[Clarification on PUCCH reporting type payload size 12.1.0 [12.2.0
10/06/14 | RP-64 RP-140858 461 - |Clarification on SRS colliding with PUCCH in the same cell 12.1.0 (12.2.0
when the UE is configured with multiple TAGs
10/06/14 | RP-64 |RP-140858| 462 1 [Clarification on SRS antenna switching 12.1.0 [12.2.0
10/06/14 | RP-64 |RP-140862| 463 - |Introduction of Rel-12 LTE-Advanced features in 36.213 12.1.0 (12.2.0
10/09/14 | RP-65 |RP-141479| 464 | - [Correction on SRS transmission for TDD-FDD CA 12.2.0 12.3.0
10/09/14 | RP-65 RP-141478 465 - |Correction on beta_{offset}{HARQ-ACK} determination for a 12.2.0 (12.3.0
) UE configured with two uplink power control subframe sets
10/09/14 | RP-65 [RP-141478| 466 - | Corrections for TDD eIMTA 12.2.0 [12.3.0
10/09/14 | RP-65 |RP-141479| 467 3 |CR on HARQ-ACK Multiplexing in PUSCH for TDD-FDD CA 12.2.0 [12.3.0
10/09/14 | RP-65 RP-141474 469 - |Correction to UCI embedding in case of a single serving cell 12.2.0 (12.3.0
and simultaneous PUSCH and PUCCH transmission
10/09/14 | RP-65 |RP-141478| 470 - | Corrections on UL-reference UL/DL configuration 12.2.0 (12.3.0
10/09/14 | RP-65 |RP-141473| 471 - |CR for Clarification of special subframe and usage alignment 12.2.0 [12.3.0
10/09/14 | RP-65 [RP-141485| 472 - |Introduction of low-cost MTC and 256QAM features 12.2.0 (12.3.0

08/12/14 | RP-66 |RP-142104( 482 5 |Introduction of Dual Connectivity, Small Cell Enhancements, 12.3.0 [12.4.0
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Change history
Date TSG # TSG Doc. |CR Rev |Subject/Comment Old New
NAICS, eIMTA, and TDD-FDD CA features
08/12/14 | RP-66 |RP-142097( 487 1 [Clarification of periodic CSI feedback for subband CQl and PMI |12.3.0 12.4.0

08/12/14 | RP-66 |RP-142100( 491 - | Correction of the parameter CSIProcessIndex 12.3.0 [12.4.0
09/03/15 | RP-67 |RP-150366| 492 2 [Introduction of D2D feature into 36.213 12.4.0 |12.5.0
09/03/15 | RP-67 RP-150363 494 1 |Correction to PUCCH procedures in case of FDD Pcell and 12.4.0 (12.5.0
TDD Scell in TDD-FDD CA
09/03/15 | RP-67 |RP-150364( 498 - | Correction on higher layer parameter names for 256QAM 12.4.0 [125.0
09/03/15 | RP-67 |RP-150359| 500 - _|TM10 CSI-IM Interference Measurements 12.4.0 |12.5.0
09/03/15 | RP-67 |RP-150358( 502 - |Clarification on common search reception related to MBMS 12.4.0 [12.5.0
09/03/15 | RP-67 |RP-150364( 503 - |Correction to Discovery in Small Cell Enhancement feature 12.4.0 [125.0
09/03/15 | RP-67 |RP-150365( 504 1 [Corrections to Dual Connectivity feature 12.4.0 [12.5.0
15/06/15 | RP-68 |RP-150931| 493 2 |Clarification on HARQ-ACK repetition 12.5.0 [12.6.0
15/06/15 | RP-68 RP-150932 497 3 [Clarification on PUCCH Format 3 Resource Derivation for TDD |12.5.0 |12.6.0
UL/DL Configuration 5
15/06/15 | RP-68 |RP-150933| 506 - | Clarification on the PRACH power in subframe i2-1 for PCM2 12.5.0 [12.6.0
15/06/15 | RP-68 |RP-150933| 507 - _|Clarification on the MTA operation in PCM1 12.5.0 [12.6.0
15/06/15 | RP-68 |RP-150933| 512 - | Correction of higher layer parameter names in dual connectivity |12.5.0 ]12.6.0
15/06/15 | RP-68 RP-150935 513 1 |Correction on UE procedure of determining subframe pool for |12.5.0 |12.6.0

PSCCH and PSSCH in ProSe
15/06/15 | RP-68 |RP-150935| 514 1 |Correction on UE procedure of transmitting PSCCH in ProSe 12.5.0 [12.6.0

15/06/15 | RP-68 515 1 |[Correction on UL Power Control for Synchronous Dual 12.5.0 (12.6.0
RP-150933 -
Connectivity
15/06/15 | RP-68 516 1 |Correction on UL Power Control for Asynchronous Dual 12.5.0 (12.6.0
RP-150933 -
Connectivity
15/06/15 | RP-68 |RP-150937| 517 - | Correction to Rel-12 UE category signal name 12.5.0 [12.6.0
15/06/15 | RP-68 |RP-150936| 520 - |Corrections on eIMTA RRC parameter nhaming 12.5.0 [12.6.0
15/06/15 | RP-68 521 - |Correction on Closed Loop Antenna Selection for Dual 125.0 |[12.6.0
RP-150933 -
Connectivity
15/06/15 | RP-68 |RP-150935| 523 - _|Alignment of Prose parameter names 12.5.0 [12.6.0
14/09/15 | RP-69 525 - |UE processing time relaxation on Type 2 Power Headroom 12.6.0 (12.7.0
RP-151470 Reporting
14/09/15 | RP-69 |RP-151468| 527 - | Correction of ProSe parameters 12.6.0 [12.7.0
14/09/15 | RP-69 |Rp-151471| 528 2 |Clarification on power control for PCM2 12.6.0 (12.7.0
07/12/15 | RP-70 530 1 |Clarification of PUCCH resource allocation related to EPDCCH (12.7.0 (12.8.0
RP-152034 Scells
07/12/15| RP-70 |RP-152037( 531 - |Clarification on the parameter notations for eIMTA 12.7.0 [12.8.0
07/12/15 | RP-70 RP-152037 534 - | Correction on aperiodic CSI transmission without UL-SCH 12.7.0 (12.8.0
according to table 7.2.1-1C
07/12/15 | RP-70 |RP-152038| 535 1 |Introduction of new maximum TBS for TM9/10 12.7.0 |12.8.0
07/12/15 | RP-70 RP-152034 542 - |Clarification of PHICH resource assignement related to 12.7.0 (12.8.0
EPDCCH scheduled PUSCH
07/12/15 | RP-70 |RP-152036( 543 1 |Modify max TA for dual connectivity 12.7.0 [12.8.0
07/12/15 | RP-70 |RP-152125( 533 3 |eD2D CR for 36.213 12.8.0 13.0.0
07/12/15| RP-70 |RP-152031| 536 - _|Introduction of Rel 13 features for SC-PTM 12.8.0 |13.0.0
07/12/15 | RP-70 |RP-152026( 537 2 |Introduction of LAA (PHY layer aspects) 12.8.0 13.0.0
07/12/15 | RP-70 |RP-152026( 538 5 |Introduction of LAA (eNB Channel Access Procedures) 12.8.0 [13.0.0
07/12/15| RP-70 |RP-152027( 539 1 [Introduction of Enhanced CA in Release 13 12.8.0 |13.0.0
07/12/15 | RP-70 |RP-152025( 541 1 |Introduction of EB/FD-MIMO 12.8.0 13.0.0
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