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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 the second digit isincremented for all 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 procedures in the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in this text, 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’.
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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]

ng Slot number within aradio frame as defined in [3]

NC%hS Number of configured cells

Nos Downlink bandwidth configuration, expressed in unitsof N2 as defined in [3]

Nrs Uplink bandwidth configuration, expressed in unitsof NZ® as defined in [3]

Nghb Number of SC-FDMA symbolsin an uplink slot as defined in [3]

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

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

csl Channel State Information

CSl-IM CSl-interference measurement

DAI Downlink Assignment Index

DCI 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
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PSCdll Primary Secondary cell
PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
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
UCl 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 is worse 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 isthe 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 aframe 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
PSCéll is the same as the PScell if the secondary cell and the PSCell belong to the same TAG.
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Upon reception of atiming 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.

Upon reception of atiming advance command for a TAG not containing the primary cell or PSCell, 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
Nraoitset = 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.
Nraoffset 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, ..., 1282, where an amount of the time alignment for the TAG is given by Nta = Ta xX16. Nrais
defined in [3].

In other cases, a 6-bit timing advance command [8], T, for a TAG indicates adjustment of the current Nra value, Nya gia,
to the new Nra value, Nranew, Dy index values of To =0, 1, 2,..., 63, where Nranew = Nraoa + (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 CSI reporting
- theactionsrelated 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 actions in [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI 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
all 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 ISPUSCHC(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 lSSRS,c(i) is split equally across
the configured antenna ports for PUCCH or SRS. lsSRS,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.

5.1.1 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' in this 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' in this 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.

5111 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),

P
Pusc () m'”{lmoglow puscr.o) + Po_puscre(i) + (1) PLe + At + fc()

} [dBm]

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

. . 1O|0910(F3CMAX,c(i) - FA)PUCCHU))*
P (i)=min _ _ _ _ ¢ [dBm]
PUSCH ¢ {ml 0910(M puscre() + Po_puscrc(i) + @ (i) Ple + Aec(i) + fe(i)
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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 transmissioniin

subframei for the serving cell ¢ iscomputed by
Pouschc (1) = min{PCMAX,c (1), Po_puscr,c D +ac (D) - PLe + fe (i) } [dBm]
where,

- Pomax c(i) isthe configured UE transmit power defined in [6] in subframei for serving cell ¢ and ﬁCMAX,c(i) is
the linear value of Peyax (i) - If the UE transmits PUCCH without PUSCH in subframe i for the serving cell c, for
the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall assume Peyax (i) as

given by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in subframe i for the serving cell c, for
the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall compute Peyax (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].

- fJPUCCH (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 belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-
SubframeSet-r12,

- whenj=0, R pyscrie(0) = Fo_ue_puscre2(0) + Po_nominar_puscic2(0)  where =0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. Py ¢ myseric2(0) and Py yomina puscric2(0)
are the parameters p0-UE-PUSCH-Per si stent- SubframeSet2-r 12 and pO-Nominal PUSCH-Persistent -
SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.

- whenj=1, Ry pyscrc(D) = Fo_ue_pusorea (D + Fo_vominac_puscris2 (1) - wherej=1is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. PO_UE_F)USCH’C’2 (D and

o NominaL_puschc.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 (2)= PO_UE_PUSCH,C(Z) + PO_NOMINAL_PUSCH,C (2) where PO_UE_PUSCH,C(Z) =0 and
PO_NOMINAL_PUSCH,C(Z) = PO_PRE + APREAMBLE_MSg3 » Where the parameter
preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and Apgeavipie w3 € 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(J) provided
from higher layersfor j=0 and 1 and acomponent Py ye pysch (i) Pprovided by higher layersfor j=0 and

1 for serving cell ¢ . For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
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. P yg pyscH,¢(2) =0 and

Po_NomINAL_PuscH,c(2) = Po pre + ApreaVBLE _Msg3» Where the parameter
preamblelnitial ReceivedTar getPower [8] (P pre) and Appeavpie msgs @€ Signalled from higher layers
for serving cell c.
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- 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=0or1, e (j)=«a,,¢c {O, 0.4,0.5,0.6,0.7,0.8,0.9, 1}. o, , isthe parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

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

- Forj=0or1, a.€{0,04,0506 07038, 091} isa3-bit parameter provided by higher layers for
servingcell c. Forj=2, a.(j)=1.

- PL; isthedownlink path loss estimate calculated in the UE for serving cell ¢ indBand PL; =

referenceSgnal Power — higher layer filtered RSRP, where referenceSgnal Power 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. If serving cell ¢ 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 referenceSgnal Power and higher
layer filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter
pathlossReferencelLinking defined in [11] is used as the reference serving cell for determining referenceS gnal Power
and higher layer filtered RSRP. If serving cell ¢ belongsto a TAG containing the PSCell then, for the uplink of the
PSCell, the PSCell is used as the reference serving cell for determining referenceSignal Power and higher layer filtered
RSRP; for the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathlossReferencelLinking defined in [11] is used as the reference serving cell for determining referenceS gnal Power
and higher layer filtered RSRP. If serving cell ¢ belongsto a TAG not containing the primary cell or PSCell then
serving cell ¢ isused asthe reference serving cell for determining referenceSgnalPower and higher layer filtered
RSRP.

- ATF’C(i)=10Ioglo((ZBPRE'KS—1)- 5}%&“) for Kg=1.25and 0for Kg=0where Kg isgiven by the

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

serving cell ¢, are computed as below. Kg =0 for transmission mode 2.

Cc-1
- BPRE= OCQ| / 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, Ocg isthe number of
CQI/PMI bitsincluding CRC bits and Ng¢ isthe number of resource elements determined as
Npg = M EUSCH-initial \ PUSCHAnitE \where ¢, K,, M & "™ and NS 2™ are defined in
[4]-

- B = g2 for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

- OpuscHc isacorrection value, also 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 commands in 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 f (i) to determine Ppysch c(i) -

Otherwise, the current PUSCH power control adjustment state for serving cell cisgivenby f.(i). f_,(i) and f.(i)
are defined by:
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fe(i) = foi —1) + Spusche i — Kpusch) and fo,() = f.,(i —1) + Gnysonoli — Kpuser) if accumulation

is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command Jpysch ¢ isincluded inaPDCCH/EPDCCH with DCI format O for serving cell ¢ where the

CRC isscrambled 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 — Ky , and where f.(0) isthefirst value after reset of
accumulation.

Thevaueof Kpygy IS
- For FDD or FDD-TDD and serving cell frame structuretype 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 for FDD-TDD and serving cell frame
structure type 2, the"TDD UL/DL configuration” refersto 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 which the LSB of the UL indexissetto 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 ¢ is deactivated.

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

OpyscH,c = 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 Jpygcy 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.

If UE hasreached Poyax (i) forserving cell ¢, 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 pyscH,c vaueischanged by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢
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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 c
- when Pg yg puscH,c Vaueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

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

- when Ry (g pyscrco Valueischanged 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 doesnot belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—-1)

fo(i) = SpuscHc(i — Kpuscn) and f,(i) = Opysey o (i = Kpysen) if accumulation is not enabled for

serving cell ¢ based on the parameter Accumulation-enabled provided by higher layers

where dpysch ¢ (i — Kpyscr ) was signalled on PDCCH/EPDCCH with DCI format 0/4 for serving cell
¢ onsubframe i —Kpjgey

Thevalueof Kp,gy 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” refersto the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

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

The dpysch dB absolute 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 O is validated as a SPS activation or release
PDCCH/EPDCCH, then 6pgcp ¢ is0dB.

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

format 0/4 is decoded for serving cell ¢ or where DRX occurs or i isnot 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
Cc and
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- 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 doesnot 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 value is set as follows:

- If Py ue pusch ¢ Valueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po UE pusch ¢ Valueisreceived by higher layers and serving cell ¢ isa Secondary cell
- f.(0)=0

- EHse

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

f(0)=AP, . +0

ampupc msg2,c ! where

.5

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

10|0910(M PUSCH ,c(o))
AF)rarrpup,c = min max 0’ PCMAX,C -+ I:)O_PUSCH 0(2) + 5rrng ’
+a,(2)-PL+ A (0)

AP and AP

tampuprequested ¢ 1S Provided by higher layers and

rampuprequested, ¢

corresponds to the total power ramp-up requested by higher layers from the first to the last
preambleinthe serving cell ¢, M gy (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 At ¢(0) isthe power adjustment of first PUSCH
transmission in the serving cell c.

If PO_UE_PUSCH’Q2 valueisreceived by higher layers for a serving cell c.

fc,2(0) = 0

Table 5.1.1.1-1: Ko, for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration |0 | 1|2 |3|4|5|6|7|8]9
0 -1 6|74 -1 6|7]4
1 -l-1elal-]-[-16[4]-
2 Sl -Tal-T-1-1-1al]-1-
3 -l -lalalal-1-1-1-[-
4 -l -lalal-1-1-1- -
5 -l -4l - -] -1-1-1-]-
6 - -J717]s5[-1- 7] -
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
5PUSCH,C values

TPCD((::(IJ?;Tn?QtdO'/::I;/iIld 'N | Accumulated Spyscyc [dB] | Absolute Spysch e [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 Jpyscy values

TPC Command Field in
DCI format 3A

0 -1

1 1

Accumulated opyscp ¢ [dB]

If the UE is not configured with an SCG, and if the total transmit power of the UE would exceed ISCMAX (i), the UE

scales ﬁpUSCH’C(i) for the serving cell ¢ in subframei such that the condition
Z W(i) - Boyscr o (1) < (PCMAX (1) = Bruces ('))
Cc

is satisfied where Poyccy (i) isthelinear value of Poyccp (i) ISPUSCHC(i) isthe linear value of Ppyge (i)
ISCMAX () isthelinear value of the UE total configured maximum output power Py .y defined in [6] in subframei
andw(i) isascaling factor of ﬁpUSCH’C(i) for serving cell ¢ where 0<w(i)<1. Incasethereisno PUCCH

transmission in subframei Poyccy (i) =0.

If the UE is not configured with an SCG 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 If’c,\,I ax (1), the

UE scales ISPUSCH,C(i) for the serving cells without UCI in subframei such that the condition

S W) - Prgegre () < (Poypa (1) = Poosers ; ()

c#j

is satisfied where ISPUSCH,J- (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. Inthis case, no power scaling is applied to I5PUSCH,J-(i) unless

Zw(i) -Peyuscrc(i) =0 and the total transmit power of the UE still would exceed FA’C,\,IAX ().

C#j

For a UE not configured with a SCG, note that W(i) values are the same across serving cells when w(i) > O but for
certain serving cells w(i) may be zero.

If the UE is not configured with an SCG, 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’cM ax (1), the UE obtains  Ppygen (i) according to

A

Broscr; () = Min(Pagecs ; (1), (Powax (1) = Poass ()

and
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ZW(i) ’ ISPUSCH,c(i) < (ISCMAX (') - ISPUCCH (') - IE)PUSCH,j ('))

c#j
If the UE is not configured with a SCG, and

- If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe 1 for
agiven serving cell in a TAG 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 ONn any
overlapped portion.

- If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe | for agiven
serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe i +1 for a
different serving cell in another TAG the UE shall adjust itstotal transmission power to not exceed PCM ax ONn any
overlapped portion.

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

different serving cell in the same or another TAG the UE shall drop SRSif itstotal transmission power exceeds Py
on any overlapped portion of the symboal.

- If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE in
asymbol on subframe | for agiven serving cell overlaps with the SRS transmission on subframe |1 for a different
serving cell(s) and with PUSCH/PUCCH transmission on subframe i or subframe i +1 for another serving cell(s) the

UE shall drop the SRS transmissionsiif the total transmission power exceeds PCM ax On any 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 a
secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving cell belonging
to adifferent TAG, drop SRSif the total transmission power exceeds Py, 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 a
secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different TAG, adjust

the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed P, 0n the
overlapped portion.

511.2 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.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, the term "serving cell" in this subclause refers to
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term "serving cell" in this subclause refersto
serving cell belonging to the SCG. Theterm "primary cell" in this subclause refers to the PSCell of the SCG.

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
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PH ype1,¢ (1) = Pomax c (i) {1O|0910(M puscH,c (1)) + Po_pusch,c(]) + @c(j) - Ple + Atg o (i) + fc (i) } [dB]

where, Poyax o(i), Mpuscrc® . Po puschc(i): @(i), Ple, Ap(i) and f(i) aredefined in subclause
5111

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

PH ypet o (i) = Powmax ()~ {1010g30 (M puiscr, o)) + Po_puscH,c(1) +ac(j)-Ple +Ave (i) + fc (i) } [dB]

where, Mpyschc(): Po pusch,c(i), @c(]), Ple, A (i) and f¢(i) aredefinedinsubclause5.1.1.1.
ISCM AX,c(i) is computed based on the requirementsin [6] assuming a PUSCH only transmission in subframe i . For this

case, the physical layer delivers ISCM AX ,c(i) instead of  Popyax ,c(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

PHyperc() = Pomax ()= { Po_puscre@ + @) - PLe + (i) | [dB]

where, 5CM 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]. P pysch,c(D), (1), PLc,and f¢(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

(10|0910(M puscr,c (1) +Po_pusch,c (1)+ac (1)-Ple+A1ec (i) + fe (i))/lO

PH type2 (i) = Pemax ¢ () — 1010959 [dB]

4 10(P0_PUCCH +PLg +h(”CQ| NHARQ vnS?)JrAF_PUCCH (F)+Ano (F)+g(i ))/10
where, Pomax.c: Mpusch,c(): Po pusch,c(i): @c(j), A (i) and f.(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1and Py pycch» Ple, h(Ncor sNpargNsr) » Ar pucer (F) Ao (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

(1010910 (M puscrc (10)+Po, puscre ()+ @ () PLe +A e (i) + fo(i))/10

PH type2 (i) = Pomax ¢ () —10l0gsg dB]

+ 10(P07PUCCH +PLc+g(i ))/ 10

where, Pemax,c()» Mpuschc() . Po pusch,c (i) (i), A (i) and fc(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1 and Ry pycc» PLe and g(i) aredefined in subclause 5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using
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(POJUSCH,c(l)Jrac(l)‘PLc*'fc(i))/lo

PH type2 (i) = Pemax ¢ (i) —1010939 [dB]

4 10(P0_PUCCH +PL; +h(”co| NHARQ vnS?)JrAF_PUCCH (F)+Anp (F)+gli ))/10
where, Py pysch,c(D), oc(D and fe(i) aretheprimary cell parameters as defined in subclause 5.1.1.1, Pomax c(i)
Po_puccr » Ple, h(Ncgr s NHarg  NsR) + Ak pucch (F) . Atxp (F') and g(i) arealso defined in 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

0Po_puscr o ez ()-PLe + 1(1))/10

PH ype2 (i) = R i) 10l [dB]
type2 (1) = Pemax ¢ (1) 0910 . 10(P07PUCCH +PLo+g())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], P pysch,c(D), ac(l) and fc(i) aretheprimary cell parameters as
defined in subclause 5.1.1.1and Py pyccn» PLc and g(i) aredefined in subclause 5.1.2.1.

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) tocompute 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 refersto serving cell
belonging to the SCG. Theterm "primary cell" in this subclause refers to the PSCell of the SCG.

51.2.1 UE behaviour

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

Pemax,c (),

P (i)=min . L [dBm]
pucen {PO_PUCCH +PLe + h(nCQI "NHARQ, ”SR)+ Ar puccH (F)+ Argp (F') + i )}

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 Ppyccy for PUCCH in subframei is computed by

Pouce (i) = min{PCMAx,c(i)a P pucer + PLe + g(i )} [dBm]
where

- Pemax 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 c, for the accumulation of TPC command for PUCCH, the
UE shall assume Pgyax (i) asgiven by subclause 5.1.1.1. If the UE does not transmit PUCCH and PUSCH in
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subframe i for the serving cell c, for the accumulation of TPC command for PUCCH, the UE shall compute
Pemax c (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].

- Theparameter Ar pyccn(F) isprovided by higher layers. Each Ag pyccn (F) Vvalue corresponds to a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of [3].

- If the UE is configured by higher layers to 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, A, (F')=0.

h(Ncql s NHARG ' Nsr) isaPUCCH 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]. ngy = 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 nyaro isdefined in subclause 10.1; otherwise, nyarg isthe number of HARQ-ACK bits sent in subframei.

For PUCCH format 1,1aand 1b h(ncgy . Njarg Nsr )= 0

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

NHARQ —1 ,
h(nCQ| : nHARQ s nsq) = %RQ) s OtherW|%, h(nCQ| , nHARQ , nsq)z 0
- For PUCCH format 2, 2a, 2b and normal cyclic prefix

Ncal

10lo
h(”cq NHARQ, nSR)= 910(

J if nCQ| >4

0 otherwise

- For PUCCH format 2 and extended cyclic prefix

n, +n
10'0910(%} if nCQ| + nHARQ >4

0 otherwise

h(nCQI ' NHARQ, nSR) =

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

- 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

NHARQ + Nsr —1

h(Ncqr » NHARQ: NsR) = 3

- Otherwise

NHARQ +Nsr —1
h(nogi :MharQ:NsR) = ——————
- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and 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 and CSl

nHARQ +Ngs + nCQI -1
3

h(nCQI 1 Nharg Ng) =

- Otherwise
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Marg T Neg + Negy —1
h(nCQI 'nHARQ'nSR) = 2

- Py puccn isaparameter composed of the sum of aparameter Py yowminaL puccn  Provided by higher layersand a
parameter Py e pyccy Provided by higher layers.

- Opyccn isaUE 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/1/2A/2/2B/2C/2D 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 aUEisnot 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 PDCCHSs 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 aUEisconfigured 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 equals the 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 Spccy provided in that
PDCCH

elsethe UE shall set Spyeey = 00B.

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

where g(0)isthefirst value after reset.
- For FDD or FDD-TDD and primary cell frame structuretype 1, M =1 and k, =4.

- For TDD, valuesof M and K aregivenin Table 10.1.3.1-1, where the 'UL/DL configuration' in

Table 10.1.3.1-1 corresponds to the eimta-HargReferenceConfig-r12 for the primary cell whenthe UE is
configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell.

- The Opyccy dB vaues 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 isvalidated as an SPS
release PDCCH/EPDCCH, then dp ey 1S 0dB.

- The Opyccy dB vauessignalled on PDCCH with DCI format 3/3A are givenin Table5.1.2.1-1 or in
Table5.1.2.1-2 as semi-statically configured by higher layers.
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- If Py ue puccn Vaueischanged by higher layers,

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

- Omge iSthe 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 UE istransmitting PUCCH in subframei,

F%)_PUCCH
AR o =Minf ymaXx| 0, Byyax c —| + PLe + h(Negy Nypro Nsr) ,
+ AF_PUCCH (F) +ATXD(FI)

AP

rampuprequested
Otherwise,
Apran‘pup = min[{max(o, Pevax c (PO_PUCCH +PL, ))}’Apran’puprequested ]and APramp“preq“eS‘ed

is provided by higher layers and corresponds to the total power ramp-up requested by higher layers
from the first 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 accumul ated.

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

- when Py ye pucch  Vaueis changed by higher layers

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

- g@)=g(@-1 if I isnotan uplink subframein TDD or FDD-TDD and primary cell frame structure
type 2.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 to 5PUCCH

values
TPC Command Field in Y [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 PUCCH
0 -1
1 0
2 1
3 3
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Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to 5PUCCH values

TPC Command Field in
DCI format 3A Opuccr [dB]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)

5131 UE behaviour

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

Psrscli) = min{ Pemax.c(i): Psrs oFrseT,c(M) +1010910(Msrs¢) + Po pusch,c(i) + @ (i) - Pl + (i) } [dBm]
where

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

- Pors orrseT (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 isthe bandwidth of the SRS transmission in subframei for serving cell ¢ expressed in number of resource
blocks.

- f.(i) isthecurrent PUSCH power control adjustment state for serving cell ¢, see subclause 5.1.1.1.
- Po pusch,c(]) and ¢(]) areparametersasdefined in subclause 5.1.1.1 for subframe I, where j=1.

If the UE is not configured with an SCG, and if the total transmit power of the UE for the Sounding Reference Symbol
in an SC-FDMA symbol would exceed ISC,\,IAX (i) , the UE scales Psrg (i) for the serving cell ¢ and the SC-FDMA
symbol in subframe i such that the condition

D W) - Poge o i) < Peyyax (1)
C
is satisfied where ISSRSC(i) isthe linear value of Pyrs (i), Poyax () isthelinear value of Py definedin[6] in

subframei andw(i) isascaling factor of I%RSC(i) for serving cell ¢ where 0<w(i) <1. Note that W(i) values are
the same across serving cells.

If the UE is not configured with an SCG, 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 1 ina TAG overlaps with the SRS transmission in
another SC-FDMA symbol in subframe 1 for a serving cell in another TAG, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed ISCM ax (i) , the UE scales ﬁSRSC(i) for the
serving cell ¢ and each of the overlapped SRS SC-FDMA symbolsin subframe 1 such that the condition

D W) Prs o) < Powax (1)

is satisfied where ISSRSC(i) isthe linear value of Psyg (i), Povax (i) isthelinear value of Poyay definedin[6] in

subframei andw(i) isascaling factor of ISSRSC(i) for serving cell ¢ where O<w(i) <1. Note that W(i) values are
the same across serving cells.

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 26 ETSI TS 136 213 V12.5.0 (2015-04)

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 f (i) to determine Pys (i) for subframei and serving cell ¢
,where f_,(i) isdefined in subclause5.1.1.1.

514 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 DC-
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 CGsisequal to or lessthan Ty yresnold

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

- If aPRACH transmission of the UE on the Pcell starting in subframe i1 of 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 FA’C,\,I ax (1112) , the UE shall transmit the PRACH on the Pcell
using the preamble transmission power P, 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
Pouax (iLi2) , where P, (i1,12) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i1,i2)asdescribed in [6]. If the UE dropsthe 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 DC-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 i1 of MCG overlaps in 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 i10f MCG, and if the total power of both the PRACH transmissions exceeds Py, (i1i2) , the
UE shall transmit the PRACH on the Pcell using the preamble transmission power Peracy described in
subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe 2 of SCG
such that the total power does not exceed FA’C,\,I ax (1L12) , where If’CM ax (1112) isthe linear value

configured transmitted power for Dual Connectivity for the subframe pair (i Li 2) asdescribed 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 11 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe |2 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 12, and
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- 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 CGland if Phjccy cer(id)

would exceed Sl(il), the UE scales FA’PUCCH _cc(1) such that the condition

A1) Pryeen cer(i2) = max{0, SL(i1)} is stisfied where 0< ¢A(i1) <1 and

P'eucan_ce1 (1D = @401 - Puycor_cor(iD) -1 Prycoy_cea(i1) would not exceed  SI(i1),

P rucen _cor (10) = Pocen cer(i2) - If the UE has aPUSCH transmission with UCH including HARQ-ACK in
subframe 11of servingcell ¢, € CGL, and if FA’F,USCH 4 (11) would exceed SI(i1), the UE scales FA’PUSCH o (12)
such that the condition €(i1) - Paygy o, (i1) = max{0, S1(i1)} is satisfied where 0< ¢A(i1) <1 and

P puscrt o, (10) = 0A(10) - Poygyy o, (1D 1 Poygy o, (12) would not exceed  SI(i1),

IS'PUSCH C (iD= ISPUEI:H < (iD.
SI(i1) isdetermined as follows

0,

A~ A~ ~ maX kg . . y . 1
SI(iD) = Poyax (i1,12) = Py(i2) — P, (i2) — min Pemax (iI1,i2) -%— Pa(i2)| ¢
P (i2)
where

- Pu(iD) = Pogacy _CGl(il);

- ifCG1lisMCG and CG2is SCG,

If)ql(i 2)= ISPRACH _cez(i 2);

P12 = Prcen 00212+ T (P, 12+ Phes, (12) )

c,eCG2
- ifCGlisSCGand CG2isMCG

- if the UE has a PUCCH transmission with UCI including HARQ-ACK subframe 12 of CG2,

i FA)ql(i 2)= ISPRACH ce2(i2)+ lsIPUCCH ce2(12);

Bi2= 3 (P (12)+ Pis, (2)

¢,cCG2

- eseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe |2 of serving
cell j,e CG2,

lf)ql(i 2) = lE)PRACH _cez(i 2) + lsIPU&ZH i (i 2) ;

I:A)Iql (i2)= Z ISPUEI:H 'S (i2)+ Z 63?3,(;2 (i2);

c,eCG2,C# ], c,eCG2

- otherwise,

lsql(i 2)= lE)PRACH _CG2 (i2);
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- lslql (i2)= lsPUCCH 7cez(i 2)+ Z (lsPUSCH S (i2)+ QSRS,Q (i 2))

¢,cCG2

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

FA’PUCCH _cea(i)would exceed  S2(i1), the UE scales FA’PUCCH _cc1(11) such that the condition
o 2(i1) - Pryeencoa(i1) = max{0, S2(i1) }is setisfied where 0< @2(i1) <1 and

P pucc_cer (11) = @2(i1) - PPUCCH (1D - If PPUCCH _cea(iD) would not exceed  S2(i1),

FA"PUCCH (D)= PPUCCH _ce1(i1) - 1f the UE hasa PUSCH transmission with UCI not including HARQ-ACK in
subframe ilof serving cell ¢, € CGL, and if FA’F,USCH 4 (i1) would exceed S2(i1), the UE scales FA’F,USCH o (12)
such that the condition @2(i1) - Paygy o, (11) = max{0, S2(i1) } is satisfied where 0< r2(i1) <1 and

P euseri o, (1D = @2(12) - Paygy o (11) 1 oy o (1) would not exceed  S2(i1),

IS'PUSCH C (iD= ISPUEI:H C (iD.
S2(i1) is determined as follows
0,

R R R max _
S2(i1) = By (1112) ~ B, (i1) — P,,(i2) - min e (112) 22— Py 12)
|5'qz (i2)
where

- Pu(i0) = Poacn_cor(iD +P'pycen coa (i) if the UE has aPUCCH transmission with HARQ-ACK
and a PUSCH transmission with UCI not including HARQ-ACK in subframe i1 of CG1, otherwise,
Puz(il) = Porach _CGl(il) :
- if CG1isMCG and CG2is SCG

- if the UE has aPUCCH transmission with UCI including HARQ-ACK in subframe |2 of CG2,

q2(I 2) PRACH CGZ(I 2) + PIF—’UCCH _CG2 (I 2)

- PLD= Y (Puson s (124 Pas,, (12)):

¢,eCG2

- eseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe |2 of serving
cdl j,e CG2,

FA)qz(i 2) = lE)PRACH _cez(i 2) + ls'PUSCH s (i 2)

|£)'q2 (I 2) = Z ISPUSCH ,Co (I 2) + Z Iggqs’cz (I 2) ;

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

- otherwise,

Ii\)qz (i 2) = ISPRACH _CG2 (i 2)
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I:A)'qz (i2)= lsPUCCH 7cez(i 2) + Z (lsPUSCH S (i2)+ ~SRs,c2 (i 2))

¢,eCG2
- ifCG1lisSCGand CG2isMCG

- if the UE hasa PUCCH transmission in subframe i2 of CG2 and/or a PUSCH transmission with UCI
inin subframe 12 of servingcell j,e CG2

FA)qz (i2)= ISPRACH _cez(i 2)+ |5' PUCCH _CG2 (i2)+ FA)I PUSCH, |, (i2)

- Ii\)lqz (i 2) = Z ISPUSCH C (i 2) + Z ISSRS,CZ (i 2)
c,eCG2,c,#], c,eCG2

~

where, I:)F’UCCH _CG2 (i 2) =0

CcG2: PPUSCH Ja (i 2) =0
of CG2;

if the UE does not have a PUCCH transmission in subframe 12 of

if the UE does not have a PUSCH transmission with UCI in subframe 12

- otherwise

Ii\)qz (i 2) = ISPRACH _CG2 (i 2)

© P02 3 (Pume (24P, ()

¢,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe ilof CG1, the UE shall determine
0,
. A o A A .| MaXq 5 1i0y.7ce2 _ B i
S3(i1) = Poyax (1Li2) = P3(i1) — B5(i2) — min Pevax (1ILi2) 100 Pa(i2)
P (i2)
where

- if the UE hasaPUCCH transmission in subframe ilof CG1 and/or a PUSCH transmission with UCI inin
subframe i1of servingcell J; € CGL P3(11) = Pogacy o1 (D) + Poucen cor (1D + P pyeen j, (11)

where Poycon _c1(12) = 0 if the UE does not have a PUCCH transmission in subframe i1of CG1,
FA’PUSCH i, (I1) = Oif the UE does not have aPUSCH transmission with UCI in subframe i1of can;
otherwise Isu3(i1) = ISPRACH _cae(iD);
- ifCG1lisMCG and CG2 is SCG

- if the UE hasa PUCCH transmission in subframe i2 of CG2 and/or a PUSCH transmission with UCI
inin subframe i2of servingcell |, e CG2

FA)qs(i 2)= ISPRACH _cez(iz) + lsIPUCCH _CG2 (i2)+ lsIPUSCH s (i2)

|3'q3 (i2)= Z ISPUSCH C (i2)+ Z -ISSRS,CZ (i2)

c,eCG2,60#]5 c,eCG2

ISPUCCH _CG2 (i 2) =0

where, if the UE does not have a PUCCH transmission in subframe 12 of
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cG2: PPUSCH s (i 2) =0
of CG2;

if the UE does not have a PUSCH transmission with UCI in subframe 12

- otherwise

FA)qs(i 2) = lE)PRACH _CG2 (i 2)

- PaD= Y (P (24P (2)):

¢,eCG2

- ifCG1isSCGand CG2isMCG

Pisi2) = Pt _c62(2)+Plovcen co2 0D+ D P ey, (i2)

¢,cCG2

P2 = 3 Pre. (i2)

,eCG2

- If the total transmit power of all the PUSCH transmission(s) without UCI in subframe i1 of CG1 would exceed
S3(i1) , the UE scales ISPUSCHM(H) for each serving cell ¢, € CG1 with a PUSCH transmission without UCI in
subframe 11 such that the condition ZW(il)- FA’PUSCHcl (i1) < max{0,S3(i1)} issatisfied, where
¢,eCG1
FA"PUSCHC1 (1D =w(iD- lsPUSCH,cl(il) , and where W(i1) isascaling factor of FA’F,USCH,cl (i1 for serving cell ¢,
where 0 < w(il1) <1. Note that w(i1) values are the same across serving cells within a cell group whenw(il) > 0
but for certain serving cells within the cell group W(i1) may be zero. If the total transmit power of all the PUSCH

transmission(s) without UCI in subframe 11 of CG1 would not exceed S3(i1), FA"F,USC,J,’cl (iD= ISP\JSCH,q(il) .
where

If’c,\,I ax (1112) isthe linear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2)as described in [6];

- ifCGlisMCG and CG2is SCG

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

~

cell; Paycan cez(i2) isthelinear value of Pyyccyy(i2) corresponding to PUCCH transmission on the
PSCell.

Yee1 = Vmce

- if CG1lisSCG and CG2isMCG;

FA’PUCCH_CGl (i2) isthelinear value of Py (il) corresponding to PUCCH transmission on the PSCell;

A

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

Veer = Voo
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- ISPUSCH,q(il) isthe linear value of Py, ¢ (11) for subframe ilof serving cell of serving cell ¢, € CGL, and

~

Pruscri e, (12) isthelinear value of Py o, (i2) for subframe 12 of serving cell of serving cell ¢, € CG2.

Ymeg @d Y4 are given 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, FA’F,RACH cc(iDisthe

linear value of the transmission power of that PRACH transmission; otherwise, FA’F,RACH (D) =0;

- If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, Pagacy _ce2(i2)isthe
linear value of the transmission power of that PRACH transmission; otherwise, FA’F,RACH os2(12) =0.

A

- |5-SRSYCZ (i2) isdetermined asfollows

- if the PUSCH/PUCCH is not transmitted in the last symbol of subframe 11 of CG1, or if the UE does not
have an SRS transmission in subframe 2 of servingcell 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

; 5%%02) -0:

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 12 of

servingcell ¢, € CG2

- 58?8,(‘4 (i2)= lE)SRS,cQ (i2);

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

S 0,
Pgs o (12) = maxy 4 _ R _
e {PSRS,CQ (12) = Poycen_cez(( 2)}

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

S 0,
Pgs o (12) = maxy - _ - _
e {PSRS,(‘Q (i2) = Buyscr o, (1 2)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe

i2 of serving cell ¢, e CG2

2 0,
Pgs e (12) = maxs ~ _ . _ R _
o {PSRS'C? (i2) = Pousen C2 (12) = Poycen _cez(' 2)}
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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 theservingcell  C, € CGl

and the SC-FDMA symbol in subframe 11 such that the condition Zv(il) . ISSRS,ol (i1) < SA(11)
eCGL

issatisfied, where FA"SRScl (i) =v(i1)- FA’SRS]C1 (i1) isthetransmission power of SRS after scaling and where
ISSRS,c,l(il) isthelinear value of Py (i1) described in section 5.1.3.1, and V(i) isascaling factor of ISSRS,c,l(il)

for serving cell €, € CGL where 0< V(i) <1. Note that 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 i1lin aTAG belonging to CG1 overlaps with the SRS transmission in another SC-
FDMA symbol in subframe i1for 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]C1 (i1) for the serving cell C; € CGL and each of the overlapped SRS SC-FDMA symbolsin subframe i1 such

that the condition > V(i1) - P, (i1) < SA(i1) issatisfied, where P'geg,, (i1) = V(i1) - P, (i1) isthe
¢,eCG1

transmission power of SRS after scaling, and where V(il) isascaling factor of FA’SRSCL (1) for serving cell ¢, where

0<v(il) £1. Notethat v(il) values are the same across serving cells within a cell group.

SA(i1) isdetermined as follows
0,
: - - A .| Maxy 4 oy Veer B
SA(i1) = Poyax (iL12) = P, (i2) — min Pevax (1ILi2) 100 R.(i2)
P (i2)

where

- ifCGlisMCG and CG2is SCG

q4(I 2) PRACH CGZ(I 2) + ID'PUCCH _CG2 (I 2) + Z P'PUSZH ,Co (I 2)

¢,eCG2

Pu(i2)= Y Prse(i2)

¢,eCG2

- if CG1lisSCG and CG2isMCG

Pa(12) = Pogacn 06212+ Ploscen co2 12+ Y Plossoe, (2)+ Y P, (i2)

,eCG2 ¢,eCG2
P'.(2)=0

- if the UE has no PUCCH transmlsson or has a shortened PUCCH transmission in subframe |2 of CG2,

P'PUCCH _CG2 (i2) =0; otherwise PPUCCH _CG2 (i12) = PIPUCCH _CG2 (i2)
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- if the UE has no PUSCH transmission in the last symbol of subframe 12 of servingcell C, € CG2,

A

ISIPUSCH o, (12) = 0; otherwise IS'PUSCH ., ([12)= IS'PUSCH (2

- if the UE has PRACH transmission in CG2 that overlaps with the last symbol of subframe 2 of CG2,
Porack _cez(i 2) = Pogack _cez(i 2) ; otherwise  Pogacy, _cez(i 2)=0
For acell group CG1

- if the UE is configured with multiple TAGs within CGL1, and if the PUCCH/PUSCH transmission of the UE on
subframe 1 for agiven serving cell inaTAG of CG1 overlaps some portion of the first symbol of the PUSCH
transmission on subframe | +1 for adifferent serving cell in another TAG of CG1, the UE shall adjust its total
transmission power of CG1 such that the total transmission power of the UE across all CGs does not exceed P, On
any overlapped portion.

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

subframe | +1 for adifferent serving cell in another TAG of CG, the UE shall adjust its total transmission power of
CG1 such that the total transmission power of the UE across all CGs does not exceed P,y 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 1 for agiven serving cell in a TAG of CG1 overlaps with the PUCCH/PUSCH transmission on subframe |
or subframe | +1 for adifferent serving cell in the same or another TAG of CG1, the UE shall drop the SRS in CG1 if

itstotal transmission power across all CGs exceeds P, 0N any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CGL1, and if the SRS
transmission of the UE in a symbol on subframe | for agiven serving cell in CG1 overlaps with the SRS transmission
on subframe | for adifferent serving cell(s) in CG1 and with PUSCH/PUCCH transmission on subframe i or
subframe | +1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissionsin CG1 if its total

transmission power across all CGs exceeds P, on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CGL1, 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 adifferent
serving cell belonging to adifferent TAG of CG1, drop SRS in CG1 if itstotal transmission power across all CGs

exceeds P, 0Onany overlapped portion of the symbol.
- if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to transmit

PRACH in asecondary serving cell in CGl in parallel with PUSCH/PUCCH in a different 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,y 0N the overlapped portion.

5.1.4.2 Dual connectivity power control Mode 2

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

Poyax (iLi2-1) -—ﬁ; ,

Poax (1112-1) = P car(i2) = maxq P, (12-1) + Pogay ce(i2-1),
If\)PRACH_CGZ(i 2)

PL,(i1) = min

where,

D) = Prsces_ccrliD+ 3 (Prue (1) + Pr (11))

- ccCG1

If’CM ax (11,12 —1) isthe linear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2 - 1), asdescribed in [6];

A

Pruson (11) = 0, if the UE does not have a PUSCH transmission in serving cell C€ CGL.

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

o ~ '
Feea(12-1) _OiftheUE has no transmission in subframe 12—1 of ce2:

- Yeer =wce | and Y2 = Vs if cG1isMCG and CG2 is SCG;
Yee1 = Vo ang Yco2 = Yvce | if cG1is SCG and CG2is MCG:

_ Ywce and Yco are given by Table 5.1.4.2-1 according to higher layer parameters P MCG and P_SCG
respectively;

- If the UE hasa PRACH transmission for CG1 overlapping with subframe i1 of CG1, FA’F,RACH cc(1Disthe

linear value of the transmission power of that PRACH transmission; otherwise, ; Prgacy () =0

- If the UE has a 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

least one subframe before subframe 12 of CG2, FA’F,RACH cc2(12) isthelinear value of the transmission power of that
PRACH transmission; otherwise, Phgacy e2(i2)=0.

A~

- 5SRS’C(i1) is determined as follows

- if the UE does not have an SRS transmission in subframe i1 of servingcell C€ CGlor if the UE drops
the SRS transmission in subframe i1 of servingcell C€ CGl gue to collision with a PUCCH

transmission in subframe i1 of servingcell C€ CGl1
; PSRS,c(il) =0;

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe i1l of
serving cell C€ CGl
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A

- 53?3,(: (i1) = ISSRs,c (i1);

- 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) = maxy . 2 .
- {PSRS,C(I:L) - PPUCCH _CG:L(Il)}

- 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,
Pes (i) =maxs . . _
e {Psas,c(ll) ~ Poysen ,c(ll)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe
i1 of servingcell C€ CGl

2 0,
Prsc(i)=maxy ~ = . o _
- {PSRS,C(I:L) - PPUSCH c ('1) - PPUCCH _cm('l)}

where Issqs,c(i 1) isthelinear value of Pygg (i1) described in section 5.1.3.1.

If the UE determines based on higher layer signalling that transmission(s) on CG1 in subframe | do not overlap with
UE transmission(s) on other CG, then the UE shall use P, (i) = Poyax (i), where Py, (i) isthelinear value of

the UE total configured maximum output power Py, (definedin [6]) in subframei.

If Prayccy ooy (1) would exceed If’chl(i),the UE scales Poyoey ooy(i) Such that the condition

() Prycen cor(i) < Py (i) is stisfied where

- if CGlisMCG, ISPUCCH_CGl(i) isthelinear value of Poyccy (i) corresponding to PUCCH transmission on the

primary cell, in casethereisno PUCCH transmission in subframei on the primary cell FA’F,UCCH (i) =0.

- IfCGLlisSCG, |3PUCCH cci(l) isthelinear value of Py (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframei on the PSCell ISPUCCH_CGl(i) =0. Ppyschcl) is
the linear value of  Poygeyy ¢ (i)

- 0<oA(i) < lisascaling factor of ISPUCCH_CGl(i).

If the UE has PUSCH transmission with UCI on serving cell  j e CG1, and I3PUSCHJ- (i) would exceed I%Gl(i) the
UE scales Prygey (i) suchthat the condition ar2(i) - Prygey ; (i) < Pl (i) is setisfied where Py, (i) isthe
linear value of the PUSCH transmit power for the cell with UCI, and O < ar2(i) < lisascaling factor of

ISPUSCH]j(i) for servingcell  j e CG1.

If the total transmit power across all the serving cells of a cell group CG1 would exceed If’clel(i ) , the UE scales

Peusch,c (i) for theserving cell ce CGL in subframe i such that the condition
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ZW(i)' ISPUSCH,c(i) = (Isclel(i)— |5PUCCH_C61(i)) is satisfied; andw(i) isascaling factor of Ppysch (i) for
eCG1

servingcell ¢ 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’clel(i) , the UE scales  Ppyysci ¢ (i) for the serving cells belonging to CG1 without UCH in subframei such
that the condition > W(i) - Pouggyr o (1) < (Ploy (1) = Pryegs (1)) issatisfied;

ceCG1, c#]j
where ISPUSCH,j(i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of - Pryscp ¢ (i) for

serving cell  C without UCI. Inthiscase, no power scaling is applied to IZA’PUSCH’j(i) unless

z w(i)- FA’PUSCH (i) =0 and thetotal transmit power acrossall of the serving cells of the CG1 still would exceed
ceCGl,c#j

Pl (i) -

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell je€ 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 P (i), the UE obtains Peusch,c() aecordi ng to
PPUSCH,j (') =mi n(PPUSCH,j (i)’ (Pclel(i) - PPUCCH_CGl(i))) and
ZW(i) ’ PPUSCH,c(i) < (Pclel(i) - PPUCCH_CGl(i) - PPUSCH,j ('))

ceCGl, c#]j

where

- if CGlisMCG, ISPUCCH_CGl(i) isthelinear value of Pryccy (i) corresponding to PUCCH transmission on the
primary cell.

- if CGlisSCG, ISPUCCH_CGl(i) isthelinear value of Poyccp (i) corresponding to PUCCH transmission on
PSCell.

Note that w(i) values are the same across serving cells within acell group whenw(i) > 0 but for certain serving cells
within the cell group w(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 Isclel(i) ,the UE scales Pags (i) for the serving cell  ce CGland
the SC-FDMA symbol in subframe i such that the condition

. 2 . -y .
D V(i) - Pes (i) < Py (i)
=CGl
is satisfied where Pags o (i) isthe linear 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 | for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE
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for the Sounding Reference Symbol in the overlapped portion would exceed If’clel(i) , the UE scales Pgs (i) for the
serving cell ce CGL and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the condition
. - . 21 .
ZVO)' PSRsc (') < PCGl(I)
ccCG1

is satisfied where Pags (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.

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 | +1 for adifferent serving cell in another TAG of CG1, the UE shall adjust its total

transmission power of CG1 to not exceed Pchl on any overlapped portion.

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

subframe | +1 for adifferent serving cell in another TAG of CG1 the UE shall adjust its total transmission power of
CGL1 to not exceed Pchl 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 1 for agiven serving cell in a TAG of CG1 overlaps with the PUCCH/PUSCH transmission on subframe |

or subframe | +1 for adifferent serving cell in the same or another TAG of CG1 the UE shall drop SRSiif itstotal
transmission power of CG exceeds Pchl on any overlapped portion of the symbal.

- 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 1 for agiven serving cell in the CG1 overlaps with the SRS

transmission on subframe 1 for adifferent 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 transmissions in CG1 if the total

transmission power of CG1 exceeds FA’ClGl on any overlapped portion of the symbol.
- if the UE is configured with multiple TAGs within CGL1, 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 adifferent
serving cell belonging to adifferent TAG of CG1, drop SRS in CG1 if the total transmission power of CG1 exceeds

F’ClGl on any overlapped portion in the symbol.
- if the UE is configured with multiple TAGs within CGL1, the UE shall, when requested by higher layers, to transmit

PRACH in asecondary serving cell in CGl in parallel with PUSCH/PUCCH in a different serving cell belonging to a
different TAG in CG1, adjust the transmission power of PUSCH/PUCCH in CG1 so that itstotal transmission power of

CG1 does not exceed FsclGl on the overlapped portion.
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Table 5.1.4.2-1: ¥,cc (0r ¥4g) values for determining power allocation for dual
connectivity

(oFr) pl)\{lggNBB) Yucs (0F Ve 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

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

A 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
referenceSgnal Power provided by higher layers. The downlink reference-signal transmit power 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.

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 aUE 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 100,y o T Pa 110100y, (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 t0 0. gt T Pa [dB] otherwise
where 5power_ofm is0dB for al 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,

- paisequa to P;+10-log,, (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];
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- p, 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 al 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 equal 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].

If CSI-RSis configured in aserving cell then a UE shall assume downlink CSI-RS EPRE is constant across the
downlink system bandwidth and constant across all subframes for each CSI-RS resource.

The cell-specific ratio pg/ p, iSsgiven 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(;errtlga 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 2,3,56 2,4,5 0,1,4 0,1,3
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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 OFDM symbol indices within a slot where the
ratio of the corresponding PDSCH EPRE to 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 . . Extended cyclic . . : .
ports Normal cyclic prefix prefix Normal cyclic prefix Extended cyclic prefix
nsmod2 | nsmod2=| nmod2 | nymod2 | nymod2 | nysmod 2 nsmod 2 nsmod 2
=0 1 =0 =1 =0 =1 =0 =1
1,2,3,4, | 01,23, | 1,2,3,4,| 0,123,
One or two 56 4.5,6 5 45 0 - 0 -
2,3,4,5 | 01,23, 0,1,23,
Four 6 45,6 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 ) is defined asfollows:

. Ex(Npeg)
0 if %SRNTtheshold

RNTP(Npes ) = e c
1 if nopromiseabout the upper limit of # ismade
max_ nom

where E,(Npgg) isthe maximum intended EPRE of UE-specific PDSCH REsin OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; N, isthe physical resource

block number Npgg = 0,..., Ny —1; RNTP,, oq,yq takeson one of the following values
RNTP,, o € {—°0—11,-10,-9,-8~7,-6,-5-4,-3-2,-1,0,+1,+2,+3} [dB] and

(. 1

max
B o = oy

NRB N$

where Pn(gz is the base station maximum output power described in[7], and Af | N% and NSCB aredefined 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" in this 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' in this 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 ( N.g), 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 Pprac IS determined as
Perach = Min{ Pomax ¢ (), PREAMBLE_RECEIVED_TARGET_POWER+ PL. }_[dBm], where Peyaxc(i) is

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

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

- A single preambleis transmitted using the selected preamble sequence with transmission power Pegracy 0N 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, which is 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; 26, if the UL delay field in subclause 6.2 is set to
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zerowhere n+Kk; isthefirst available UL subframe for PUSCH transmission, where for TDD serving cell, the first UL

subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the 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 a response to the transmitted preambl e 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, =26, 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 [§].
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 asfollows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 bits

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

- UL delay —1 hit

- 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 is interpreted as follows:
if Ngg <44
Truncate the fixed size resource block assignment to its b least significant bits, where

b= ’_I 0g, (N e (N o+ 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,_noe 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 bitisset to 1, and b= Ulogz(N oS -(N oS +1)/ 2)-‘ —10) , and interpret the

expanded resource block assignment according to the rules for aregular DCI format O
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end if

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 O through 15 in Table 8.6.1-1.

The TPC command ,,,s;, shall be used for setting the power of the PUSCH, and is interpreted 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 is interpreted to determine whether an aperiodic
CQI, PMI, and RI 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" in this 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" in this 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
refersto the PSCell of the SCG. The terms "subframe" and "subframes' refer to subframe or subframes
belonging to SCG.

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 al 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 aUE 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 refers to 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

OO |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
0 10
1 11
2 12
3 15
4 16
5 16
6 12

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 of serving cell ¢, a UE shal

- 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 a UE 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 blocks in 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 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 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 PDCCHsis 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 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)

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 frame structure type 1,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in which
the number of OFDM symbols for PDCCH with normal CP isequal 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 overlaps in frequency with a
transmission of either PBCH or primary or secondary synchronization signals in the same subframe;
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- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed VRB
resource allocation is assigned.

- 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.

For frame structure type 2,

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

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to which a
pair 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 overlapsin frequency with a
transmission 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 alocation is assigned in the specia subframe with configuration #1 or #6;

- the UE is not expected to receive PDSCH on antenna port 7 for which distributed VRB resource dlocation is
assigned;

- with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5
in DWPTS when the UE is configured with special 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 isby 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.

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 PDCCHSEPDCCHSsis 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 of serving cell ¢ except in subframes
for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layersto be part of a positioning reference signal occasion and the positioning reference signal
occasion is only 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.
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A UE configured in transmission mode 10 can be configured with scrambling identities, n2MRS! 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 a detected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode DIE! omr e SREMET EPEER corresponding to PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port O (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 Common and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI T
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 Lgrge_delay CDD (see subclause 7.1.3) or Transmit
diversity (see subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see subclause 7.1.4)or
P Y 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)
DCI format 1D | UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 6 . Closed-loop spatial multiplexing (see subclause 7.1.4)
DCI format 1B UE specific by C-RNTI : ; P -
using a single transmission layer
If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A Sgrs]mgcr;fing C-RNTI antenna port, port 0 is used (see subclause 7.1.1),
P Y 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-RNTI antenna port, port O is used (see subclause 7.1.1),
P y 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 O is
DCI format 1A Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
C-RNTI 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
DCI format 2C | UE specific by C-RNTI 7.1.5B) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
e  Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port O is
DCI format 1A Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
C-RNTI diversity (see subclause 7.1.2)
Mode 10 e  MBSFN subframe: Single-antenna port, port 7 (see

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 or 8 (see subclause
7.1.1)
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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 tJEgpemﬂc Single-antenna port, port O (see subclause 7.1.1)
Mode 1 UyE 'RN.Tf.I
specific . i
DCI format 1 by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A UE specific Transmit diversity (see subclause 7.1.2)
by C-RNTI
Mode 2 UE specific
DCI format 1 by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A g;é'i:ﬁ}ﬂf Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 2A UE specific Large delay CDD (see subclause 7.1.3) or Transmit diversity (see subclause
by C-RNTI 7.1.2)
DCI format 1A t’féplsﬁ'{_lf Transmit diversity (see subclause 7.1.2)
Mode 4 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 UE specific Transmit diversity (see subclause 7.1.2)
by C-RNTI
Mode 5 UE specific
DCI format 1D by C-RNTI Multi-user MIMO (see subclause 7.1.5)
DCI format 1A t’féplsﬁ'{_lf Transmit diversity (see subclause 7.1.2)
Mode 6 UE specific Closed-loop spatial multiplexing (see subclause 7.1.4) using a single
DCI format 1B o
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 P used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
by C-RNTI
Mode 7 7.1.2)
UE specific .
DCI format 1 by C-RNTI 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 C-pRNTI used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
Mode 8 y 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)
. 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
Mode 9 by C-RNTI Transmit diversity (see subclause 7.1.2)
e MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2C UE specific Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) 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
Mode 10 by C-RNTI Transmit diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2D UE specific Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)

If aUE is configured by higher layers to 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 applies in the case that a PDSCH 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
EPDCCHSs 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.

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
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- indicated by higher layers to decode PMCH or,

- configured by higher layersto be part of a positioning reference signal occasion and the positioning reference signal
occasion is only 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, n2MRS! 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 a detected 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,(BSC'D) (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 O (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 _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)
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)
DCI format 1A Commor_l _and Transmit diversity (see subclause 7.1.2)
Mode 4 UE specific by C-RNTI - : T
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)
Common and .
Mode 8 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7(see subclause 7.1.1)
DCI format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Common and ;
Mode 9 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2C UE specific by C-RNTI | Single-antenna port, port 7 or 8, (see subclause 7.1.1)
Common and .
Mode 10 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
DCI format 2D UE specific by C-RNTI | Single-antenna port, port 7 or 8, (see subclause 7.1.1)
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission

Transmission scheme of PDSCH corresponding to

mode DCIl format | Search Space EPDCCH
DCI format 1A g_ERT\IpTelcific by Single-antenna port, port O (see subclause 7.1.1)
Mode 1 DCI format 1 g_ER‘T‘\lpﬁCiﬁc by Single-antenna port, port O (see subclause 7.1.1)
DCI format 1A l(J:_ERT\Ip.?ICiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by - .
DCI format 1 C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\IpTelcific by Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 2A g_ERT\Ip.ﬁCiﬁC by Transmit diversity (see subclause 7.1.2)
DCI format 1A l(J:_ERT\Ip.?ICiﬁC by Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 g_ER‘T'\lpﬁCiﬁc by Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A g_ERT\IpTelcific by Transmit diversity (see subclause 7.1.2)
Mode 6 DCI format 1A g_ERT\Ip.ﬁCiﬁC by Transmit diversity (see subclause 7.1.2)
DCI format 1A l(J:_ERT\Ip.?ICiﬁC by Single-antenna port, port 5 (see subclause 7.1.1)
Mode 7 DCI format 1 g_ER‘T'\lpﬁCiﬁc by Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A g_ERT\IpTelcific by Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 DCI format 2B g_ERT\Ip.ﬁCiﬁC by Single-antenna port, port 7 or 8 (see subclause 7.1.1)
DCI format 1A l(J:_ERT\Ip.?ICiﬁC by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 DCI format 2C g_ER‘T'\lpﬁCiﬁc by Single-antenna port, port 7 or 8, (see subclause 7.1.1)
DCI format 1A g_ERT\IpTelcific by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10

DCI format 2D

UE specific by
C-RNTI

Single-antenna port, port 7 or 8, (see subclause 7.1.1)

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

DCI format 1A

Common and
UE specific

by Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1

UE specific

by Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
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, port 5, port 7 or port 8) 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].

Incasean antennaport pe{7,8 isused, the UE cannot assume that the other antenna port inthe set {7,84 isnot

associated with transmission of PDSCH to another UE.
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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 0, dB value

power-offset

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 o, value.

power-offset

Downlink power offset field | Oyyyer-offeet [AB]

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].

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.

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 0 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 O or type 1 resource allocation.
PDCCH DCI formats with a type 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 allocation 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
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resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource alocation.
EPDCCH DCI formats with atype 2 resource allocation do not have a resource alocation 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 applies to all PRB pairs within a set.

7.16.1 Resource allocation type 0

In resource alocations 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 (VRBSs) of localized type as defined in subclause 6.2.3.1 of [3]. Resource block group size (P) isafunction of

the system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs ( Nggs ) for downlink system bandwidth
of Nt isgivenby Npggg = (N% / P-‘ where \_N% / PJ of the RBGs are of sizePand if N modP >0 then one

of the RBGsis of sizeN25 —P-[NBS /P|. Thebitmapisof 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 isin such way that RBG 0 to RBG

Nggs —1 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit valuein
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
NRL (P
<10 1
11-26 2
27 -63 3
64— 110 4
7.1.6.2 Resource allocation type 1

In resource allocetions of type 1, aresource block assignment information of size Nggs indicatesto a scheduled 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 Pth RBG starting from RBG . The resource
block assignment information consists of three fields [4].

Thefirst field with ﬂogz(Pﬂ 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 istriggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses a single 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 allocated to the UE otherwise.

The portion of the bitmap used to address VRBs in a selected RBG subset hassize NZ5™ and is defined as

NP = [NBS /P ~[log,(P)] -1
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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

alocation span is set to 0, the offset for RBG subset P isgivenby Ay, (P) = 0. Otherwise, the offset for RBG
subset P isgivenby A (P) = NZEC** (p) — N2i™", where the LSB of the bitmap is justified with the

highest VRB number within the selected RBG subset. NE2C** () iis the number of VRBsin RBG subset P and
can be calculated by the following equation,

DL DL
Nee —1| 5, p p< Nes =11 04p
p? P
NRBG subset () — Rliz P+(Ngs ~)modP+1 ,p= —R‘; mod P
DL DL
Nee ~11 p . p> I\IleodP
p? P

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

i +Agy .
”5ggmbﬁ(p)=L—§;ft(p)Jpz+ p-P+(i +Agir (p)) mod P

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
allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are always assigned in case of resource allocation 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 N2t

o Isdefined in[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DClI

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 alocations for aUE vary fromasingle VRB upto NJ:, VRBs if

Ngy is6-49 and vary fromasingle VRB up to 16 if N2 is50-110. With EPDCCH DCI format 1B, 1D witha CRC

B

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 N2 is6-49 and vary fromasingle VRB up to 16

VRB

if NS is50-110. With PDCCH DCI format 1C, distributed VRB alocations for aUE vary from N3¥ VRB(s) upto
[NSL, /NP | N3P VRBswith anincrement step of N3, where N3 valueis determined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.

Table 7.1.6.3-1: N3® values vs. Downlink System Bandwidth

System BW ( NRDé‘) Nzg
DCI format 1C
6-49 2
50-110 4
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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 Lzg, . The resource indication value is defined by
it (Legge 1) <[ N2 /2] then
RIV = N2 (Legss — ) + RB,
else
RIV = Neg (Neg — Lo+ + (Neg —1-RByy,)
where Lpgs> 1 and shall not exceed N, — RB

start -

For PDCCH DCI format 1C, atype 2 resource block assignment field consists of aresource indication vaue (RIV)
corresponding to a starting resource block ( RBgyt =0, N3P, 2N3P,..., (LN\?IR_B INS® J—l) NZ¥) and alengthin terms

of virtually contiguously allocated resource blocks ( Leggs = N3P, 2N3P ..., |_N\5’$B / Nggjj. N®).
The resource indication value is defined by:

it (L —1) <|N2L /2] then
RIV = N2 (L, —1) + RB.,,
else
RIV = N2 (NS — Ligee +2) + (NJ —1—- RB.,)
where g = Logee / NS, RBL, = RB, /N3P and N/2% = | N2 /NS | Here,

Lres> 1 and shall not exceed N.ps — RB!

start -

7.1.6.4 PDSCH starting position
The starting OFDM symbol for the PDSCH of each activated serving cell isgiven by index | inthefirstslotina
subframe.

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-r11

- baesat jg given by the higher-layer parameter epdcch-SartSymbol-r11.

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

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

received,

- Otherwise
- 'baasan s given by the CFI value in the subframe of the given serving cell when NSt >10, and | qu IS
given by the CFl value + 1 in the subframe of the given serving cell when NS5 <10.

For a UE configured in transmission mode 10, for a given activated serving cell
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- if the PDSCH is assigned by a PDCCH with DCI format 1C or by aPDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI

- baesat js given by the span of the DCI given by the CFI value in the subframe of the given serving cell

according to subclause 5.3.4 of [4].

- if the PDSCH isassigned 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

- 'paesat jsgiven by | for the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (| cppecnsar 85 defined in subclause 9.1.4.1),

EPDCCHStat

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

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

received.

- otherwise

- Ibaasat jsgiven by the CFI value in the subframe of the given serving cell when N2 >10, and 'Daasat

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

- if the PDSCH is assigned 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 intable 7.1.9-1
for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

- oussan 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-Sart-r10 for the serving cell on which PDSCH is

received
- otherwise
- loassan g given by the CFI value in the subframe of the given serving cell when NS5 >10, and

batasart s given by the CFI value + 1 in the subframe of the given serving cell when N2% <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,

- oaasiar = MiN(2, lDataStart),
- otherwise

- I DataStart l 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},

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 57 ETSI TS 136 213 V12.5.0 (2015-04)

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

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

lpaese: 1S iveNn by the higher-layer parameter pdsch-Sart-r10 for the serving cell on which PDSCH is
received

- Otherwise

| wsre 1S GiVEN by the CFI value in the subframe of the given serving cell when Ngg >10, and

'batasiart s given by the CFI value+1 in the subframe of the given serving cell when N2% <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;)aIaS[an)
- otherwise
N P ll;)ataSlan .
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 all configured CSI 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 NE'E; modP’>0 then one of the PRGsis of size

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

The PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
System Bandwidth PRG Size (P’)
(N3 (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 (1,5 ) inthe DCI

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

- setthe Table7.1.7.2.1-1 column indicator N, to Nigg from subclause 5.3.3.1.3in[4]
- for DCI format 1C:
- useTable7.1.7.2.3-1 for determining its transport block size.
else
- st 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 specia subframe configuration 9 with normal cyclic prefix or special subframe configuration 7 with
extended cyclic prefix:

No.. =max4| N, x0.375(, 1
- settheTable 7.1.7.2.1-1 column indicator PRE {L PRB J }

- for other special subframe configurations:

- setthe Table 7.1.7.2.1-1 columnindicator Npgg = max{LN,;RB ><O.75J, 1} :

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

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,

- theUEshall 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,,.s and 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 ITBS
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

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
I MCS Qm ITBS
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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MCS Index | Modulation Order | TBS Index

[ Qn I 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
28 2

29 4

30 6 reserved
31 8

7.1.7.2 Transport block size determination

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

- for DCI format 1A:

- theUE shall setthe TBSindex (I,55) equdl to 1,,. and determineits TBS by the procedure in subclause
7.1.72.1for 0<1,5s<26.

- for DCI format 1C:
- theUE shall setthe TBSindex (I,55) equd to 1,,.; and determineits TBS from Table 7.1.7.2.3-1.

else if 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 | 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 TBSis determined by the procedure in
subclause 7.1.7.2.1.

- for29<i,, <
PDCCH/EPDCCH for the same transport block using 0< |
same transport block using0 < |, < 26, and if theinitial 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 thereis no PDCCH/EPDCCH for the

TBS —

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

wes =0 and if 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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- for 0<1,,.s <27, the UE shall first determine the TBS index (I ,5¢) using |, 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. For atransport
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. For atransport block that is mapped to two-layer spatial multiplexing, the
TBSisdetermined 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,,.c <31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< |, <33.

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

wes =0 and if rvig, = 1 otherwise the

else

- for0<1,,.s <28, the UE shall first determinethe TBSindex (1,55) usingl,,.s and Table 7.1.7.1-1 except if the

transport block isdisabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For atransport 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.
For atransport block that is mapped to two-layer spatial multiplexing, the TBS is 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 TBSis
determined by the procedure in subclause 7.1.7.2.5.

- for29<1,,.s <31, the TBSisassumed to be as determined from DCI transported in the latest PDCCH/EPDCCH
for the same transport block using 0< |, < 28. If thereis no PDCCH/EPDCCH for the same transport block using
0<1 s <28, and if theinitial 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.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if I,,.o=0 and if rvig = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, 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

Forl< N, <110, the TBSisgiven by the (1,55, N g ) entry of Table 7.1.7.2.1-1.

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

| N PRB
Ll 2 3 4 5 6 7 8 9 10
0 16 32 56 88 120 152 176 208 224 256
1 24 56 88 144 176 208 224 256 328 344
2 32 72 144 176 208 256 296 328 376 424
3 40 104 176 208 256 328 392 440 504 568
4 56 120 208 256 328 408 488 552 632 696
5 72 144 224 328 424 504 600 680 776 872
6 328 176 256 392 504 600 712 808 936 1032
7 104 224 328 472 584 712 840 968 1096 1224
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
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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

| tes
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

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
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
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[
el e 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
10 | 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 | 10080 | 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
N PRB
I TBS
41 42 43 44 45 46 47 48 49 50
0 1128 | 1160 | 1192 | 1224 | 1256 | 1256 | 1288 | 1320 | 1352 | 1384
1 1480 | 1544 | 1544 | 1608 | 1608 | 1672 | 1736 | 1736 | 1800 | 1800
2 1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2088 | 2152 | 2216 | 2216
3 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2728 | 2792 | 2856 | 2856
4 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3496 | 3496 | 3624
5 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4264 | 4392 | 4392
6 4264 | 4392 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160
7 4968 | 5160 | 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 6200
8 5736 | 5992 | 5992 | 6200 | 6200 | 6456 | 6456 | 6712 | 6968 | 6968
9 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

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

~N(oOO|h|W|IN|[F (O

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 64 ETSI TS 136 213 V12.5.0 (2015-04)

8 7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
9 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

[
sl B 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
N peg
| res
71 72 73 74 75 76 77 78 79 80
0 1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
1 2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
2 3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
3 4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
4 5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
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 9912 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
9 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

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 65 ETSI TS 136 213 V12.5.0 (2015-04)

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

|
R Y] 82 83 84 85 86 87 88 89 90

2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
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

OO (N[O |WIN(F|O

91 92 93 94 95 96 97 98 99 100
2536 2536 2600 2600 2664 2664 2728 2728 2728 2792
1 3368 3368 3368 3496 3496 3496 3496 3624 3624 3624
2 4136 4136 4136 4264 4264 4264 4392 4392 4392 4584
3 5352 5352 5352 5544 5544 5544 5736 5736 5736 5736
4 6456 6456 6712 6712 6712 6968 6968 6968 6968 7224
5 7992 7992 8248 8248 8248 8504 8504 8760 8760 8760
6
7
8
9

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
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

101 102 103 104 105 106 107 108 109 110
0 2792 | 2856 | 2856 2856 | 2984 | 2984 | 2984 | 2984 | 2984 | 3112

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 66 ETSI TS 136 213 V12.5.0 (2015-04)

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

OO |N|O|O|A™[WN| -

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

|
™ T 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

|
R T 22 23 24 25 26 27 28 29 30

27 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848
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

|

™S 31 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

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 67 ETSI TS 136 213 V12.5.0 (2015-04)

N peg

41 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

I TBS

[
R ) 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

[

sl B 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 | 68808

|
T 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

[
R BT 82 83 84 85 86 87 88 89 90
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
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

[
S T91 92 93 94 95 9 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

|
™ 17901 | 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
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32 87936 | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800
33 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896
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Transport blocks mapped to two-layer spatial multiplexing

Forl< N, <55, the TBSisgiven by the (1,55,2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Nozz <110, abaseline TBS_L 1 istaken fromthe (1,55, Npgg ) €ntry 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 | ;¢ 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 1 12|34 |5]6 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

[Ea 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< Nppg <36, the TBSisgiven by the (1,55,3- Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <110, abaseline TBS_L 1 istaken fromthe (1,54, N g ) entry of Table 7.1.7.2.1-1, which is then
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 (1,54,4- Npgg) entry of Table 7.1.7.2.1-1.

For 28< Nppg <110, abaseline TBS_L 1 istaken fromthe (1,54, N g ) entry of Table 7.1.7.2.1-1, which is then
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
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- the UE shal set the Redundancy Versionto O
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 K, - min(M oL targr M nmn) 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 W,
Wk+1 1rets Wmod(k+n$—l,Ncb) ' where:

N 4
ng =min N, a ’
® [ \‘C' Nc[()ahs : KMIMO : mm(M DL_HARQ' M limit )

and M,,;, aredefinedinsubclause5.1.4.1.2 of [4].

Wk1 Cy NCb’ K

MIMO * ?
MbL_narg is the maximum number of DL HARQ processes.
If the UE is configured with a SCG

- N2 isthe number of configured serving cells across both MCG and SCG.

else

- N2 isthe number of configured serving cells.

If the UE signals ue-Category-v12xy, N’ . isthetotal number of soft channel bits[12] according to the UE category

soft

indicated by ue-Category-v12xy [11]. Elseif the UE signals ue-Category-v1170 and not ue-Category-vi2xy, 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-Category-v12xy, N’ isthetotal number of soft

t

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].

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, Wipq(king-1,n,,) MY 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).
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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|

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-ril.

- crs-Fregshift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RS-ConfigzPId-r11.

- pdsch-Start-r11.

- qcl-C3-RS-ConfigNZPId-r11.

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
quasi 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 quasi 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 — 22 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 — 22 of a serving 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 — 22 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CS-RS-ConfigNZPId-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)

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), and/or rank indication (RI) are controlled by
the eNB. For spatial multiplexing, as givenin [3], the UE shall determine a Rl corresponding to the number of useful
transmission layers. For transmit diversity asgivenin[3], Rl is equa 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.
Each CSI processis associated with a 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 aCSl processif the UE is configured with CSI subframe sets Ccg g and Ccg 1 by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process. A CSl reported by the UE correspondsto a CS| process configured by
higher layers. Each CS| process can be configured with or without PMI/RI reporting by higher layer signalling.

A UE is configured with resource-restricted CSI measurementsiif the subframe sets Ccg o and Ccg ;1 are configured
by higher layers.

For a serving 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 CSl 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 CSl feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSl reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSl 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.

Elseif 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-ri2

- 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 RI 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
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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.

When reporting PMI the UE reports either asingle or a multiple PMI report.  The number of RBs represented by a
single UE PMI report canbe NR5 or asmaller subset of RBs. The number of RBs represented by a single 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 a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a UE configured in transmission mode 10, the bitmap parameter codebookSubsetRestriction is configured for each CS
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. The resulting number of bits for each transmission modeis

givenin Table 7.2-1b. The bitmap forms the bit sequence @, _;,...,83,8,,8;, 3, where @, istheLSBand a, _,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 &, ,, V= 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

corresponding to v layers and codebook index O while bit @, is associated with the precoder for 2
antenna ports in subclause 6.3.4.3 of [3].

b. 4 antennaports: bit &, ;, U= 2,3,4is associated with the precodersin Table 6.3.4.2.3-2 of [3]

correspondingto v layersand codebook indices 12, 13, 14, and 15 while bit @, isassociated 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 ag,y),; s associated 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

a 2antennaports: bit & isassociated with the precoder for v =1 layer with codebook index iin
Table6.3.4.2.3-1 of [3].

b. 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 2antennaports. see Table 7.2-1c

b. 4 antennaports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
dug(p-1)+i, 1Sassociated with the precoder for v layers and with codebook index i.in Table
6.3.4.2.3-2 of [3], v=12.

c. 4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit 85, q,; is
associated with the precoder for v layers (ve{1,2) and codebook index i, and bit A 16014, 1S

associated with the precoder for v layers (pe{1,2) and codebook indexi,, . Codebook indices i,
and i2 aregivenin Table 7.2.4-0A or 7.2.4-0B, for v=1 or 2 respectively.
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5. Transmission modes 9 and 10

a2 antennaports: see Table 7.2-1c

b.

4 antenna ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
ayp(p-1)+i, 1S associated with the precoder for v layers and with codebook index i.in Table

6.3.4.2.3-2 of [3].

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit &, 4),; is
associated with the precoder for v layers (ve{1,2) and codebook index i, and bit A 16(p-1)+i, 1S

associated with the precoder for v layers (pe {1,234 ) and codebook indexi, . Codebook indices i,
and i2 aregivenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0Cor 7.2.4-0D, for v=1,230r4

respectively.

8 antenna ports: bit &y, 4, isassociated with the precoder for v layers (ve{1234,56,7.8) and
codebook index i, where f1(-) ={0,16,32,36,40,44,4852 } and bit 8g, g, 1., IS associated with
the precoder for v layers (ve{1,234} ) and codebook index i, where gl()={016,32,48}.

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,
7.24-7,0r 7.24-8, for v=1,23,4,56,7, or 8 respectively.

Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission

modes
Number of bits A,
2 antenna 4 antenna ports 8 antenna
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
. 96 with
;:%nigq ission modes 9 6 alternativeCodeBookEnabledFor4TX- 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 ao R
1 air aa
2 ap as
3 as -

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 dependingonNRs . The number of subbands for system bandwidth given by NRs is

defined by N = ’_N SE'; /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing

sizes starting at the lowest frequency.
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- 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, and transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, a single 4-bit
wideband CQI isreported.

- For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI 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, 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, PUCCH
based reporting includes reporting a 4-bit wideband CQI for codeword 0 and a wideband spatia differential CQI. The
wideband spatial differential CQI value comprises:

- A 3-hit 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.

- 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 CQIl value | Offset level
0

1

2

>3
<-4

-3

-2

-1

N[OOI |WIN|IF|O

7.2.1 Aperiodic CSI Reporting using PUSCH

The term '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 decodingin
subframe n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,
for serving cell ¢ if the respective CSl 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-ri2 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 CSl 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-r12 for any serving cell, areport is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSl reporting.
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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 is triggered 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-r12
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 CS| request field of '01'in Table 7.2.1-1C, if the CS| request
fieldissetto'l".

If the CSI 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 istriggered according to the value in Table 7.2.1-1C corresponding to aperiodic CSl reporting.

For agiven serving cell, if the UE is configured in transmission modes 1-9, the "CSl process' in Table 7.2.1-1B and
Table 7.2.1-1C refersto 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 CSI process(es) in Table
7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CSI processes and/or { CSl process,
CSl subframe set} -pair(s) in each of the 1% and 2™ set of CSI process(es) and/or { CS| process, CS| 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 process in 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 receive more than one aperiodic CSl report request for a given subframe.

If aUE is configured with more than one CSl 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 CSI corresponding to the CSl

reference resource (defined in subclause 7.2.3) for all CSI processes except the Max(N, — N, 0) lowest-indexed

CSl processes for the serving cell associated with the request when the UE has N, 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 N g _p isthe maximum number of CSI processes supported by the UE for the serving cell and:
- for FDD servingcell N, = Neg_p;
- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell, N, = Ng_p
- if the UE is configured with two or three CS| processes for the serving cell, N, =3.

If more than one value of Nq_p isincluded inthe UE-EUTRA-Capability, the UE assumesavalueof N.gq_p that

is consistent with its CSI process configuration. If more than one consistent value of N.q_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 CSl 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.
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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 CSl report is triggered for serving cell ¢
'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(‘élsdl request Description
‘00’ No aperiodic CSl report is triggered
o1’ Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for
serving cell C
'10’ Aperiodic CSI 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
eI oFf E2 Description
request field
‘00’ No aperiodic CSl report is triggered
01" 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 CSl report is triggered for a 15 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

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, kisgivenin Table 8-2. For TDD UL/DL configuration O, if the MSB of the UL index isset to 1 and
LSB of the UL index isset to O, kisgivenin Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index
issetto 1, kisequal to 7; or if both MSB and LSB of the UL index isset to 1, kisgivenin Table 8-2.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cellsare 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” givenin 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 k; if the UL delay field in subclause 6.2 is set to zero, where K, isgiven in subclause 6.1.1. The UE shall
postpone aperiodic CSl reporting to the next available UL subframeif the UL delay field is set to 1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI 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 on the same
PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below.
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Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

Wideband
(wideband CQI) 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

Transmisson mode2 : Modes 2-0, 3-0

Transmisson mode 3 : Modes 2-0, 3-0

Transmission mode 4 : Modes 1-2, 2-2, 3-1, 3-2

Transmisson mode5 : Mode 3-1

Transmission mode 6 : Modes 1-2, 2-2, 3-1, 3-2

Transmisson mode 7 : Modes 2-0, 3-0

Transmission mode 8 : Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if
the UE is configured without PMI/RI reporting

Transmission mode 9 : Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of
CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or
number of CSI-RS ports=1

Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of
CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or
number of CSI-RS ports=1.

The aperiodic CSI reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-
layer signalling.

For aserving cell with N Sé < 7, PUSCH reporting modes are not supported for that serving cell.

RI isonly reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting.

For serving cell ¢, a UE 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 CSl process. The UE is not expected to receive an aperiodic CSl report request for agiven
subframe triggering a CSl report including CS| associated with the CS| process and not including CS| associated with
the configured 'Rl-reference CSl process. If the UE is configured with a'Rl-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 CSl 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 'RI-reference CSl process' that have a different:

- Aperiodic CSI 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 Ceg q 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 Ceg 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 g and Ceg ;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.
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A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report for that serving cell on

that aperiodic reporting mode

e  Wideband feedback

0 Mode 1-2 description:

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, is reported 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.

o Higher Layer-configured subband feedback

0 Mode 3-0 description:

A UE shall report a wideband CQI value which is cal culated assuming transmission on
set S subbands

The UE shall aso 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.

0 Mode 3-1 description:

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 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.

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.
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0 Mode 3-2 description:

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 8 CSI-RS ports configured for transmission mode 9 and 10, or with

alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case the UE shall report afirst precoding matrix indicator for all set
Ssubbands and also report a second precoding matrix indicator 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.

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 isshown in
Table7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQIl 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-h-h:%s

o UE-selected subband feedback

0 Mode 2-0 description:

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 aso report one CQI value 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.
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Additionally, the UE shall aso report 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 reported CQI values are cal culated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

0 Mode 2-2 description:

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.

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, the UE shall also report the selected single precoding matrix indicator
preferred for the M selected subbands. A UE shall also report the selected single
precoding matrix indicator for all set S subbands.

For transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission
modes 8, 9 and 10 with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, a
UE shall report afirst precoding matrix indicator for all set Ssubbands. A UE shall
also report a second precoding matrix indicator for all set S subbands and another
second precoding matrix indicator for the M selected 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

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.

0 For all 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_S
r =
5
where the set {s }I“:;l (1<s <N, s<s,,) contains the M sorted subband indices

X
and <X> = (yj X2y is the extended binomia 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.
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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 The number of bitsto 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

NRB

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 layersto periodically feed back different CSI components (CQI, PMI, PTI,
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 CSl
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 CQI) Mode 2-0 | Mode 2-1

For each of the transmission modes defined in subclause 7.1, the following periodic CS| reporting modes are supported
on PUCCH:

Transmission mode 1 : Modes 1-0, 2-0
Transmission mode 2 : Modes 1-0, 2-0
Transmission mode 3 : Modes 1-0, 2-0
Transmission mode4 : Modes 1-1, 2-1
Transmission mode5 : Modes1-1, 2-1
Transmission mode 6 : Modes 1-1, 2-1
Transmisson mode 7 : Modes 1-0, 2-0

Transmission mode 8 : Modes 1-1, 2-1 if 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 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 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 a UE configured with transmission mode 9 or 10, and 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_CS_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter
PUCCH_formatl-1_CS_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
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 a serving cell system bandwidth given by NS5 Where\_N Rs | kJ subbands are of

sizek. If ’_N%/k-‘ —LN%/kJ>O then one of the subbandsis of size N5 — k -[NB /k .
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- A bandwidth part j is frequency-consecutive and consists of NJ- subbands where J bandwidth parts span Sor N F?g
asgiveninTable7.2.2-2.1f J=1 then N, is(NgBL /k/ﬂ [1fJ>1then N, iseither (NF?BL /k/ﬂ or

’_N% Ik/ J-‘ —1, depending on N5 , kand J.

- Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.

- For UE selected subband feedback a single subband out of N j subbands of a bandwidth part is selected along with

a corresponding L-bit label indexed in the order of increasing frequency, whereL = {Iog2 (N% /k/J ﬂ .

The CQI and PMI payload sizes of each PUCCH CSI reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI
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 PM| 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 Rl and wideband PMI feedback

- Type 6 report supports Rl and PTI 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 CSl process in each serving cell, the periodicity Ny (in subframes) and offset Nogrger cqr (in

subframes) for CQI/PMI reporting are determined based on the parameter cgi-pmi-Configindex (1 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 Norpger r - fOr RI reporting

are determined based on the parameter ri-Configindex (1, ) givenin Table 7.2.2-1B. Both cqi-pmi-Configlndex and ri-
Configindex are configured by higher layer signalling. The relative reporting offset for RI Nogpger g takes values
fromtheset {0,-1,...—(Npg —1)} . If aUE is configured to report for more than one CSI subframe set then parameter

cqi-pmi-Configlndex and ri-Configlndex respectively correspond to the CQI/PMI and RI periodicity and relative
reporting offset for subframe set 1 and cqi-pmi-Configindex2 and ri-Configlndex2 respectively correspond to the
CQI/PMI and RI periodicity and relative reporting offset for subframe set 2. For a UE configured with transmission
mode 10, the parameters cgi-pmi-Configlndex , ri-Configlndex, cqi-pmi-Configindex2 and ri-Configlndex2 can be
configured for each CSI process.

In the case where wideband CQI/PMI reporting is configured:

The reporting instances for wideband CQI/PMI are subframes satisfying
(toxny +|ns/2]- Nogreer oqi Jmod(N g )= 0.

- IncaseRI reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of period
Npg (in subframes).

- Thereporting instances for RI are subframes satisfying
(Loxn¢ +|ns/2]- Norrser cor — Norrser i Jmod(Npg Mg )=0.

In the case where both wideband CQI/PMI and subband CQI (or subband CQIl/second PMI for transmission modes 9
and 10) reporting are configured:
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- Thereporting instances for wideband CQI/PMI and subband CQI (or subband CQIl/second PM1 for transmission
modes 9 and 10) are subframes satisfying (L0xn +[ng/2 |~ Noprser 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 CSI process for a CSl process, or the transmitted PT1 isequal to 1
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 CSl process, or the transmitted PTI is
equal to 1 for a'RI-reference CSl process reported in the most recent RI reporting instance for aCSl
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 - N 4 , and is reported on the

subframes Sa[ISfyI ng (10)( nf + LnS/ZJ— NOFFSET,CQ| )mOd(H -N pd )= 0.The

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 O, 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 be inincreasing
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 PT1 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 CSl 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 PTI1 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’- Ny, andis

reported on the subframes satisfying
(oxn¢ +[ns/2]~ Noprser cor Jmod(H”- N g )= 0, where H’issignalled by
higher layers.

= Between every two consecutive wideband first precoding matrix indicator reports,

theremaining reporting instances are used for a wideband second precoding
matrix indicator with wideband CQI as described below

In case RI reporting is configured, the reporting interval of Rl is Mg, times the wideband CQI/PMI period

H - Nq , and Rl is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband

CQI reports.

The reporting instances for RI are subframes satisfying
(Loxns +[ns/2 ]~ Nopeser cor — Norrser mi Jmod(H - Ny - Mg )=0

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.
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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 CSI processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For aserving cell and UE configured in transmission mode 1-9 and configured with CSI subframe sets Ccg) o and

Ccsi,1 by the higher layer parameter csi-SubframePatternConfig-r12 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 a serving 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-r12 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-ri1, the CSl report corresponding to CSI subframe set Ccg 1 is dropped.

If the UE is configured with more than one serving cell, the UE transmits a CSl 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 3, 5, 6, or 2a of
one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter
CSl with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case
of collision of CSl report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CS| report with PUCCH
reporting type 1 or 1aof 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 al these
serving cells except the serving cell with lowest ServCelllndex are dropped.

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 all serving cells except the serving cell with lowest
ServCelllndex are dropped.

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 CSI reports corresponding to
CSl processes with different csi-Processid-r11, the CSI reports of al serving cells except the serving cell with CSI
reports corresponding to CS| process with the lowest csi-Processid-r11 are dropped.

For agiven subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI 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-Processid-r11 > 1 of the different serving cell are
dropped.

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processid-r11 = 1 of a different serving
cell with the UE configured in transmission mode 10, and the CSl reports of the serving cells with PUCCH reporting
type of the same priority, the CSl report of the serving cell with highest ServCelllndex is dropped.

See subclause 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH
format assignment.

The CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource néfjg():H asdefined in

[3], where néfjcﬁ():H is UE specific and configured by higher layers for each serving cell.
If the UE is not 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.
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Table 7.2.2-1A: Mapping of Icgpm t0 Npg and Nogeser cq for FDD or for FDD-TDD and primary
cell frame structure type 1

lcorpmi Value of N g [Value of Noppeer con

0< leqpw <1 2 lcqiremi

2< leqipm <6 5 leqiem —2
7< leoipm <16 10 lequpm =7
17< lequpm <36 20 leqpm =17
37< lequpm <76 40 lcqpm =37
77< legupw <156 80 lcoiem =77
157 < lequpw <316 160 leqipm =157

lcoiem =317 Reserved

318< lcqpwi <349 32 lcqi/pm —318
350 < ooy <413 64 lcqipmi — 350
414 < leopwy <541 128 lcoipm —414
542 < ICQI/PMI <1023 Reserved

Table 7.2.2-1B: Mapping of Ig to Mg and Norrser g -

S \Value of M, [Value of Noppger gy
0< Iy <160 1 -y
161< lg <321 2 - (lg -161)
322< |y <482 4 -(lg —322)
483< | <643 8 - (lg —483)
644< |y <804 16 -(lg —644)
805< lg <965 32 -(lg —805)
966 < |g <1023 Reserved

Table 7.2.2-1C: Mapping of lcgpy t0 Npg and Nogpger cq for TDD or for FDD-TDD and primary
cell frame structure type 2

ICQI/PMI Value of N pd \Value of NOFFSET‘C@
lcoipm =0 1 lcqiremi

1< legpw <5 5 lequem =1

6< lcgpwmi <15 10 lcqipm —6
16 < legipm <35 20 lcqipm —16
36< legpi <75 40 lcqipm —36
76 < leopw <155 80 lcoipm — 76
156 < lcqpm <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
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configuration corresponds to the eimta-HargReferenceConfig-r12 for the primary cell if the UE is configured with the
parameter EIMTA-MainConfigServCell-r12 for the primary cell:

- Thereporting period of N,4 =1 isapplicablefor 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 N,4 =5 isapplicable for the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 2, 6}.

- Thereporting periods of N 4 ={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 Sé < 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.

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 1oy | codebook index 't | Value of the second PMI,, , | Codebook index iy | #bits
1 0-7 2l oy 0-1 2oy 4
2 0-7 2l oy 0-1 | o2 4
3 0-1 2l oy 0-7 oo/ ou, | 4
4 0-1 2l s 0-7 Lo 2 4
5 0-3 Loy 0 0 2
6 0-3 lowna 0 0 2
7 0-3 lowna 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
RI/PMI1
0-7 1 21 RI/PMI1
8-15 2 2( le /PM|1'8)
16-17 3 2( IRI/PMI1-16)
18-19 4 2( IRI/PMI1_18)
20-21 5 2( IRI/PMI1-20)
22-23 6 2( IRI/PMI1_22)
24-25 7 2( IRI/PMI1-24)
26 8 0
27-31 reserved NA
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index iy
RI : -
Value of the second PMI ' Pwi2 Codebook index 1
1 0-15 L onai 2
2 0-3 2|PMI2
3 0-3 8| lowz! 2|+ (I oy, mod2) +2
4 0-3 2lomi2
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
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 iy value and codebook index 5 total
Value
of Value of
the the
first second
PMI _ PMI
RI | ey Codebook index 'L i 2 Codebook index I #bits
1 0-3 Ao 0-3 2oz +4- o2/ 2] 4
2 0-3 Al o 0-3 Loz + 2+ Vo2 /2] 4
3 0 0 0-15 Lo 2 4
4 0 0 0-15 | pwi o 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
IRI/PMIl
0-7 1 IRI/F’MIl
8-15 2 l'a /v —8
16 3 0
17 4 0
18-31 reserved NA
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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 is
Value
RI of the
second
PMI
[ Codebook index iy
1 0-15 lPMI 2
2 0-3 IPM|2+2'|_|PM|2/2J
3 0-3 2|PM|2+4'|_| PMIZ/ZJ
4 0-3 2|PM|2+4'|_| PMIZ/ZJ

AnRI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode is valid only for
CSl reports for that serving cell on that periodic CSl reporting mode.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting for a CSl process can be
configured with a'RI-reference CSI process. The RI for the 'RI-reference CS| process is not based on any other
configured CSl process other than the 'Rl-reference CSl process. If the UE is configured with a 'Rl-reference CS|

process for a CSl 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 CSl 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 'RI-reference CSl process' that have a
different:

- periodic CSl 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 Ccg g and Ceg g 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 Ceg ¢ and
Ccg1 areconfigured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg g and Ceg ;1 are configured
by higher layersfor only one of the CSI processes, and the set of restricted RIs for the two subframe sets are the same.

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 CSI subframe set is configured, CQI/PMI is conditioned on the last reported RI linked to the same
subframe set as the CSl report.

e  Wideband feedback
0 Mode 1-0 description:

= Inthe subframe where RI is reported (only for transmission mode 3):
e A UE shadl determine a Rl assuming transmission on set S subbands.
e The UE shall report atype 3 report consisting of one RI.

= |nthe subframe where CQI is reported:
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A UE shall report atype 4 report 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 modesit is cal culated conditioned on
transmission rank 1.

In the subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

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 RI assuming transmission on set S subbands.

The UE shall report atype 3 report consisting of one RI.

In the 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:

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.

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 in transmission mode 10 with a 'Rl -reference CS
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 'Rl-reference CSI process;;
otherwise, the wideband first PM1 valueis calculated conditioned on the
reported periodic RI.

In the subframe where CQI/PMI is reported for all transmission modes 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:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report atype 2 report consisting of

0 A singlewideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

0 Theselected single PMI (wideband PMI).

0 When RI>1, an additional 3-bit wideband spatial differential CQlI,
whichisshownin Table 7.2-2.

For transmission modes 4, 8, 9 and 10,

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"' is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI for the CSI process are calcul ated
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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 RI.

e  For other transmission modes the PMI and CQI are calculated conditioned on
transmission rank 1.

=  Inthe subframe where wideband CQI/second PMI isreported 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:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2b report consisting of

0 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.

0 Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQlI,
whichisshownin Table 7.2-2.

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, and the most recent type 5 report for the CSI
processis dropped, and atype 5 report for the 'Rl-reference CSI process is
reported in the most recent RI reporting instance for the CSl process,

0 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 CSl process in the most recent RI
reporting instance for the CS| process.

0 Thewideband CQI valueis calculated conditioned on the selected
precoding matrix for the CS| process and the reported periodic RI for
the configured 'RI-reference CSI process in the most recent RI
reporting instance for the CS| process.

o Otherwise,

0 Thewideband second PMI valueis calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 Thewideband CQI valueis calculated conditioned on the selected
precoding matrix and the last reported periodic RI.

= |n the subframe where wideband CQI/first PMI/second PMI isreported 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 shal report atype 2c report consisting of
0 A singlewideband 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 CQI,
which isshown in Table 7.2-2.

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, and the most recent type 3 report for the CSI
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process is dropped, and atype 3 report for the 'RI-reference CSI process is
reported in the most recent RI reporting instance for the CSl process, the
wideband first PMI, the wideband second PMI and the wideband CQI 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 CSl process; otherwise the wideband first PMI, the wideband second
PMI and the wideband CQI are calculated conditioned on the last reported
periodic RI.

In the subframe where RI is reported (only for transmission mode 3):

A UE shall determine a Rl assuming transmission on set S subbands.

The UE shall report atype 3 report consisting of one RI.

In the subframe where wideband CQI is reported:

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 modesit is calculated conditioned on
transmission rank 1.

In the subframe where CQI for the selected subbands is reported:

The UE shall select the preferred subband within the set of NJ- subbandsin
each of the J bandwidth parts where Jisgivenin 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 1abel.
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.

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:

IfaUE 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 asthe Rl in the
most recent CSl report comprising RI for the configured 'Rl -reference CSI
process irrespective of subframe setsif 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.

In the subframe where RI is reported for transmission modes 9 and 10 with 8 CSI-RS
ports configured and for transmission modes 8, 9 and 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured then:
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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 Rl 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 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 (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.

= |n the subframe where wideband CQI/PMI is reported for al transmission modes 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:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report atype 2 report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of a
single precoding matrix in all subbands and transmission on set S
subbands.

0 Theselected single PMI (wideband PMI).

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshown in Table 7.2-2.

For transmission modes 4, 8, 9 and 10,

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 CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSl process, the PMI and CQI values for the CSl process are
calculated conditioned on the reported periodic RI for the configured
'Rl-reference CSl process in the most recent RI reporting instance for
the CSI process, otherwise the PMI and CQI values are calcul ated
conditioned on the last reported periodic RI.

For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

=  |n the subframe where the wideband first PMI is reported for transmission modes 9 and
10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

A UE shall report atype 2a report on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

If aUE is configured in transmission mode 10 with a'Rl-reference CSI
process for a CSl process, and the most recent type 6 report for the CSI
process is dropped, and atype 6 report for the 'Rl-reference CSI process with
PTI1=0 isreported in the most recent RI reporting instance for the CS| process,
the wideband first PMI value for the CSI process is calculated conditioned on
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the reported periodic RI for the configured 'RI-reference CSl process in the
most recent RI reporting instance for the CSl 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 for transmission modes 8,9, and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

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:

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 CQlI,
whichisshownin Table 7.2-2.

If aUE is configured in transmission mode 10 with a'Rl-reference CSI
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 CSI process with
PTI=1 isreported in the most recent RI reporting instance for the CS| process,

0 The wideband second PMI value for the CSI processis calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CS| process in the most recent RI reporting instance for the
CSl process and the last reported wideband first PMI for the CS
process,

0 Thewideband CQI valueis calculated conditioned on the selected
precoding matrix for the CS| process and the reported periodic RI for
the configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSI process.

Otherwise, with the last reported PTI=1,

o0 Thewideband second PMI value is calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 Thewideband 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 Rl assumption that differs
from the last reported periodic RI, or in the absence of alast reported first
PM1, the conditioning of the second PMI value is not specified.

= |nthe subframe where CQI for the selected subband is reported for al transmission
modes 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:

The UE shall select the preferred subband within the set of N; subbandsin each
of the J bandwidth parts where Jisgivenin Table 7.2.2-2.

The UE shall report atype 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:
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o CQI vauefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit 1abel.

0o 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 most recently reported single
precoding matrix in al subbands and transmission on the
selected subband within the applicable bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level isshown in Table 7.2-2.

e For transmission modes 4, 8, 9 and 10,

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 CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSl process, the subband selection and CQI values for the CS
process are calculated conditioned on the last reported periodic
wideband PM| 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; otherwise the subband
selection and CQI values are calculated conditioned on the last
reported periodic wideband PMI and RI.

e  For other transmission modes the subband selection and CQI values are
calculated conditioned on the last reported PMI and transmission rank 1.

= |n the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with
alter nativeCodeBookEnabledFor4TX-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 al 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,
which isshown in Table 7.2-2.

e If aUEisconfigured in transmission mode 10 with a'RI-reference CS|
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 CSI process with
PTI1=0 isreported in the most recent RI reporting instance for the CS| process,

0 Thewideband second 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 wideband first PMI for the CS
process.
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0 Thewideband CQI vaueis calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'RI-reference CSl process in the most recent RI
reporting instance for the CSI process.

Otherwise, with the last reported PTI=0,

0 Thewideband second PMI valueis 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 for transmission
modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

The UE shall select the preferred subband within the set of N; subbandsin each
of the J bandwidth parts where Jisgivenin Table 7.2.2-2.

The UE shall report atype lareport per bandwidth part on each respective
successive reporting opportunity consisting of:

o CQI vauefor codeword O 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.

0 When RI>1, an additional 3-bit subband spatial differentia 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.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level isshown in Table 7.2-2.

0 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 aUE is configured in transmission mode 10 with a'RI-reference CS|
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 CSI process with
PTI=1 isreported in the most recent RI reporting instance for the CS| process,

0 The subband second PMI values 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 and the last reported wideband first PMI for the CSI
process.

0 The subband selection and CQI values are calcul ated conditioned on
the selected precoding matrix for the CSl process and the reported
periodic RI for the configured 'Rl-reference CS| process in the most
recent RI reporting instance for the CS| process.
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e Otherwise, with the last reported PTI=1

0 The subband second PMI values are calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 The subband selection and CQI values are calculated conditioned on
the selected precoding matrix and the last reported periodic RI.

o |f thelast reported first PMI was computed under an Rl 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.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth NSt | 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 CSI 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 Reporting Modes

PUCCH
Reporting Reported Mode State Mc.)de 1 Mc.)de 1 Mc.)de 1-0 Mc.)de 20
Type (blts)/BP* (blts)/BP* (blts)/BP* (blts)/BP*
1 Sub-band RI=1 NA 4+L NA 4+L
CQI RI>1 NA 7+L NA 4+
8 antenna ports Rl = 1 NA 8+L NA NA
la 8 antenna ports 1 <RI <5 NA 9+L NA NA
Sub-band CQI 8 antenna ports RI > 4 NA 7+L NA NA
/'second PMI 4 antenna ports RI=1 NA 8+L NA NA
4 antenna ports 1<RI<4 NA 9+L NA NA
2 antenna ports RI =1 6 6 NA NA
2 Wideband 4 antenna ports Rl = 1 8 8 NA NA
CQI/PMI 2 antenna ports RI > 1 8 8 NA NA
4 antenna ports Rl > 1 11 11 NA NA
8 antenna ports Rl <3 NA 4 NA NA
2a . 8 antenna ports 2<RI< 8 NA 2 NA NA
V‘;'.deba”d 8 antenna ports Rl = 8 NA 0 NA NA
irst PMI 4 antenna ports 1<RI<2 NA 4 NA NA
4 antenna ports 2<RI<4 NA NA NA NA
8 antenna ports Rl = 1 8 8 NA NA
2b 8 antenna ports 1 <RI <4 11 11 NA NA
Wideband CQI 8 antenna ports Rl = 4 10 10 NA NA
| second PMI 8 antenna ports Rl > 4 7 7 NA NA
4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8 antenna ports Rl = 1 8 NA NA NA
. 8 antenna ports 1 <RI<4 11 NA NA NA
Wideband CQI 8 antenna ports 4 < RI < 7 9 NA NA NA
2c / first PMI
/ second PMI 8 antenna ports RI =8 7 NA NA NA
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
8 antenna ports, 2-layer spatial multiplexing 1 NA NA NA
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
8 antenna ports, 4-layer spatial multiplexing 2 NA NA NA
8-layer spatial multiplexing 3 NA NA NA
4 Wideband CQI Rl =1orRI>1 NA NA 4 4
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
NOTE : For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
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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 and 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
Ccso Or Ccgq 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 CSl reference resource is in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI 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, the UE shall derive the
channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State
Information (CSl) 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, 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 CSl process.

For a UE in transmission mode 10 , 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 CSI process. If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets
Ccso and Ccg 1 for the CSI process, the configured CSI-IM resource within the subframe subset belonging to the
CSl 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.

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 CS| reference resource according to the
relevant Transport Block Size table, and

- the modulation scheme is indicated 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 CSl reference resource is defined by the group of downlink physical resource blocks
corresponding to the band to which the derived CQI value relates.

- Inthetimedomain,

- for aUE configured in transmission mode 1-9 or transmission mode 10 with a single configured CS| process
for the serving cell, the CSI reference resource is defined by asingle downlink or special subframe n-ncg e,

- wherefor periodic CSl reporting ncq e iSthe smallest value grester than or equal to 4, such that it
corresponds to a valid downlink or valid special subframe,
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where for aperiodic CSl reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12,.

- Ncg et iSSuch that the reference resource isin the same valid downlink or valid special subframe as
the corresponding CSI request in an uplink DCI format.

- Nco e 1S€quUA to 4 and subframe n-neg & 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 Access Response Grant.

where for aperiodic CSI reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-r12,

- for the UE configured in transmission mode 1-9,

- Ncg e ISthe smallest value greater than or equal to 4 and subframe n-neg &«  COrresponds to a
valid downlink or valid special subframe, where subframe n-ncq & isreceived on or after the
subframe with the corresponding CSl request in an uplink DCI format;

- Ncg e 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 g & isthe 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, 1«  is the lowest
indexed valid downlink or valid special subframe within aradio frame;

- for the UE configured in transmission mode 10,

- Ncore ISthe smallest value greater than or equal to 4, such that it correspondsto avalid
downlink or valid special subframe, and the corresponding CSI request isin an uplink DCI format;

- Ncg e 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 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 CS| processis defined by asingle downlink or special subframe n-ncq; rer,

where for FDD serving cell and periodic or aperiodic CSl reporting neoi e IS the smallest value greater
than or equal to 5, such that it correspondsto avalid downlink or valid special subframe, and for
aperiodic CSl reporting the corresponding CSl request isin an uplink DCI format;

where for FDD serving cell and aperiodic CSI reporting negi 1« isequal to 5 and subframe n-negy ref
corresponds to a valid downlink or valid specia subframe, where subframe n-ncq r« 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, Nco 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 CSl reporting the corresponding CSl request isin
an uplink DCI format;

where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, Ncg ref 1S
equal to 4 and subframe n-ncq ¢ correspondsto 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 CSl processes, and periodic or aperiodic CSl reporting,
Ncal re  iSthe smallest value greater than or equal to 5, such that it corresponds to a valid downlink or
valid special subframe, and for aperiodic CSI reporting the corresponding CSl 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-ncg ¢ correspondsto avalid downlink or valid special subframe, where
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subframe n-neqi IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant.

A subframein aserving 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

it does not contain a DWPTSfield 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 CSI reporting, it isan element of the CSI subframe set linked to the periodic CSI report when
that UE is configured with CSI subframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSI process, it is an element of the CSI 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 a UE configured in transmission mode 1-9, and aperiodic CSI reporting, it is an element of the CSl
subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is
configured with CSI subframe sets by the higher layer parameter csi-SubframePatternConfig-r12, and

for a UE configured in transmission mode 10, and aperiodic CSl reporting for a CSI process, it isan
element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format,
when that UE is configured with CSI subframe sets by the higher layer parameter csi-
SubframePatternConfig-ri2 for the CSI process.

If thereis no valid downlink or no valid special subframe for the CSl 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 is as given in subclause

7.25

- For transmission mode 9 CS| reporting:

CRS REs are asin non-MBSFN subframes;

If the UE is configured for PMI/RI 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
L layers would result in signals equivalent to corresponding symbols transmitted on antenna ports
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y* (i) x (i)
{15...14+ P} , asgiven by P 2w | where x() =[x@@) .. x@ )] isa
y(l4+P) (|) X(vfl) (|)
vector of symbols from the layer mapping in subclause 6.3.3.2 of [3], Pe{1,2,4,8} isthe number of CSI-
RS ports configured, and if only one CSI-RS port is configured, W (i) is 1, otherwise W(i) is the precoding
matrix corresponding to the reported PMI applicableto X(i) . The corresponding PDSCH signals 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 CSlI reporting, if a CSl 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 resource is 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.

- Theoverhead of CRS REsis assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

- For transmission mode 10 CSlI reporting, if a CSl processis configured with PMI/RI reporting:

CRS REsare 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 CSI
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 layers would result in
signal's equivalent to corresponding symbols transmitted on antenna ports {15...14+ P}, as given by
y* (i) X (i)
: =W(i) : , where x(i) = [x(o) (i) .. x@? (i)]T isa vector of symbols from the
Y2 (i) X@D ()

layer mapping in subclause 6.3.3.2 of [3], P€{1,2,4,8} isthe number of antenna ports of the associated
CSI-RSresource, and if P=1,W(i)is 1, otherwise W(i) isthe precoding matrix corresponding to the
reported PMI applicableto X(i) . The corresponding PDSCH signals 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
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- Assume no REs alocated for CSI-RS and zero-power CSI-RS
- Assume no REs alocated 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).

- If CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE isasgivenin
subclause 5.2 with the exception of p o which shall be assumed to be

- pa =P+ A +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 + At [dB] for any modulation scheme and any number of layers, otherwise.

The shift A st 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

Transmission

mode Transmission scheme of PDSCH

1 Single-antenna port, port 0

Transmit diversity

Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

Closed-loop spatial multiplexing

Multi-user MIMO

Closed-loop spatial multiplexing with a single transmission layer

~Njo|olbh|lwN

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-
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

If the UE is configured with PMI/RI 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 CSI 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: 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)
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CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 OPSK 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 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 64QAM 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 640QAM 466 2.7305
8 64QAM 567 3.3223
9 640QAM 666 3.9023
10 640QAM 772 4.5234
11 64QAM 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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71.2.4

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.

Precoding Matrix Indicator (PMI) definition

For 2 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 of [3] asfollows:
= For 2 antennaports {01} or {15,16} and an associated Rl value of 1, aPMI value of ne {01,2,3}

corresponds to the codebook index N givenin Table 6.3.4.2.3-1 of [3] with v =1.
= For 2 antennaports {01} or {15,16} and an associated Rl value of 2, aPMI value of ne {0,1} correspondsto

the codebook index N+1givenin Table 6.3.4.2.3-1 of [3] with U = 2.

For 4 antenna ports {0,12,3} or {15,16,17,18}, 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{04,-15} correspondsto the codebook index N given in Table 6.3.4.2.3-2 of [3] with

U equal to the associated RI value except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured.
e |f alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value correspondsto a pair of
codebook indices given in 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
0, =e"m"
@,
V. = [l ejz;zm/az]T
o AfirstPMIvalueof i e {O,].,~~-, f (1))—1} 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) ={16,161616}.
0 Thequantity W!¥ inTable7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
given by theset {s} from the expresson W, =1 —2u,u /ullu, where | isthe 4x4 identity

matrix and the vector u,, isgivenby Table6.3.4.2.3-2in[3] and n=i,.

0 In some 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 is.
Joint encoding of rank and first precoding metrix 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 isdefined in Table
7.2.2-11 for PUCCH Reporting Type la.

_ pi2m/32

Table 7.2.4-0A: Codebook for 1-layer CSl reporting using antenna ports Oto 3 or 15to 18

i1 i2
0 1 2 3 4 5 6 7
@ @ @ @ @ @ () @
0-15 \Nil,o \Nil,s Vvil,16 \Nil,24 Vvi1+8,2 Vvi1+8,10 Vvi1+8,18 Vvi1+8,26
Iy iy
8 9 10 11 12 13 14 15
@ @ @ (6] @ @ @ @
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(qlg =— m'
2¢'\V
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Table 7.2.4-0B: Codebook for 2-layer CSl reporting using antenna ports Oto 3 or 15to 18

Iy ip
0 1 2 3
(2) (2) (2) (2
0-15 i1,i1,0 11,01,1 VV|1+8,i1+8,0 VVi1+8,i1+8 1
Iy ip
4 5 6 7
0—15 @] (2) (2 (2
1,+16,i;+16,0 1,+16,i;+16,1 I1+24,i,+24,0 I +24,i;+24,1
i1 i2
8 9 10 11
(2 (2) (2 (2
0-15 I1,i;+8,0 ip,i;+8,1 1,+8,i,+16,0 11+8,i;+16,1
i1 i2
12 13 14 15
6] 3] (2) 2
0-15 Vvil,i1+24,0 Vvil,i1+24,1 i1+8,i;+24,0 Vvi1+8,i1+24,1
1|V V'
where Wn(12r31n =— " "
\/g OV — OV

Table 7.2.4-0C: Codebook for 3-layer CSl reporting using antenna ports 15to 18

P

0 1 2 3 4 5 6 7
o [ W s | Wi 3 [ Wi /B [ Wi s | wi i | wg s e s [ w4
i1 i2
8 9 10 11 12 13 14 15
0 | Wit /Y3 | Wi /Y3 | Wi /N3 | Wit /Y3 | whP /Y3 | Wi /Y3 | Wi VB | wiER /Y3
Table 7.2.4-0D: Codebook for 4-layer CSI reporting using antenna ports 15to 18
Iy iy
0 1 2 3 4 5 6 7
0 Wé1234} /2 W1{1234} /2 W2{3214} /2 W§3214} /2 Wj1234} /2 W5{1234} /2 Wé1324} /2 W7{1324} /2
i1 i2
8 9 10 11 12 13 14 15
0 W8{1234} /2 Wé1234} /2 Wl{O1324} /2 W1{11324} /2 W1{21234} /2 W1{31324} /2 W1{43214} /2 Vvl{51234} /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, each PMI value corresponds to a pair 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

_ Alm/2
op =™
sz[l plzma  gjamy32 ej67zm/32]T

asfollows:For 8 antenna ports {1516,17,18,19,20,21,22 }, afirst PMI valueof i, € {0.1,---, f (v)—1} and

asecond PM1 valueof i, {0.1,--,g(v)—1} corresponds to the codebook indices i, and i, givenin
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Table7.2.4 with v equal to the associated Rl value and wherej = v, f(v)={16164,4,44,41} and

g(v)={16161681111}.
= |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 isdefined 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

. P
i
! 0 1 2 3 Z 5 6 7
@ D @ @ @ D @ @
0-15 2i,,0 20,1 Wair2 Wairs 2i,+1,0 2i,+11 2i,+1,2 2i,+1,3
i 12
! 8 9 10 11 12 13 14 15
D @ @ @ @ @ D @
0-15 Wais2,0 Wai 121 Wais2,2 Wais2.3 Waiis0 W;i 431 Waiva2 Wai 433
1 V
where W =—{ m }
NEIAS

Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22

i 12
! 0 1 2 3
(2) (2) (2 (2)
0-15| Wy %o Woi i1 Woitazisno | Waiiao s
i 2
! 4 5 6 7
(2) (2) (2) 2
0-15 | Wyooivo0 | Waiooieon | Waoirazi+ao | Waitazi+an
: i
Iy
8 9 10 11
(2) (2) (2) 2
0-15 | W% 10 Wo aiian | Waiaziezo | Waisazie2a
: i,
Iy
12 13 14 15
(2) (2) (2) @)
0-15 | W5 .30 Woizisar | Waisizieso | Waiiii+a1
1] v Vi
where W2, == —{ m " }
4 PV — PV
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Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22

i

i
! 0 1 2 3
(3 (3 YiC) YiC)
0-3 Wai s, 81,8 Wai a1, 81, +8 Wai 61, +8.81,+8 Ws a8, 8
i £
! 4 5 6 7
(3 (3 A3 A3
0-3 | Wo o 28,410 | Wair08,+28,410 | Wais28,+108,+10 | Vi +108,+28,+2
. i2
Iy
8 9 10 11
(3 (3 A3 A3
0-3 | Wolugirag,+12 | Waisiog+ag 12 | W sagiros+12 | Wa+128,+48,+4
. i2
Iy
12 13 14 15

(3 (3 A3 A3
0-3 W8i1+6,8i1+6,8i1+l4 W8i1+14,8i1+6,8i1+l4 W8i1+6,8i1+l4,8i1+14 W8i1+14,8i1+6,8i1+6

where W& ..:i Vm o Vo Vo , W(3),m,: 1 |V Ve Vi
e N24 |V —Vmp — Vi . V24|V Vir —Vir

Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22

i 2
! 0 1 2 3
(4) (4) (4) (4)
0-3| Wg's .80 Wai sie1 | Waisogir00 | Wa+284101
i 2
! 4 5 6 7
(4) (4 (4) (4)
0-3 | Wolag, 4120 | Wairag121 | Wairesis1a0 | Wairesi+141

where W _ L | Vm Vi Vim Vi

mmn \/ﬁ PrVm PV —PiVm — PV

Table 7.2.4-5: Codebook for 5-layer CSl reporting using antenna ports 15 to 22.

P

0
e 1 |Va, Vo, Vaise  Vaiss Va6
! VA0 | Vo, —Vai Voiys ~Voiss  Vai+i6

0-3| W

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

i I
1
0
0-3| w® 1 |Va, Va, Vag Va+s Vae  Vai+ie
. 6 = _—_
' V48| Vo, —Va, Vaiis ~Vass Vaive Vo +ie
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Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

i I
! 0

7 2i 2i 2i,+ 2i,+ 2i,+1 2i,+16 i +24
W()_ 1 V.l Vll V‘18 V‘18 V.16 Vll V2‘12

0-3 i =

* W/ 56 V2il V2il V2i1+8 V2i1+8 V2i1+16 V2i1+16 V2i1+24

Table 7.2.4-8: Codebook for 8-layer CSI reporting using antenna ports 15 to 22.

i 2
! 0

1| Vai, Vo,  Vaiis  Voi+s  Vaiue  Voi+6 Vo2 Vo4

o | w®
1
' 8| Vo, —Vai, Vaiys ~Vaig Vaine Ve Voiroa Va4
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For aserving 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:

- CSlI-RSresource configuration identity, if the UE is configured in transmission mode 10,

- Number of CSI-RSports. The allowable 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 |- _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 areconfigured by higher layersfor a

CSl process, P, isconfigured for each CSI subframe set of the CSI process.
- Pseudo-random seguence generator parameter, n, . The allowable values are givenin [11].

- Higher layer parameter qcl-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:

- qcl-Scramblingldentity-ri11.
- crs-PortsCount-r11.
- mbsfn-SubframeConfigList-r11.

P, isthe assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CS| 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 is denoted 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 gcl-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.
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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 6.10.5.2-2in [3])

- Zero-power CSI RS subframe configuration 1-q_gs. The allowable values are 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 is not 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 Cg o and Cc3|,1 for any CSl process, and the

UE is configured with four CSI-IM resources, then the UE is not expected to be configured with CS| processesthat 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 a serving 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 CSl RS Configuration list (16-bit bitmap ZeroPower CS-RSin [3])

- Zero-power CSl RS subframe configuration |-g_grs. The allowable 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 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.

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 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.
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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 givenin
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 isframe 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 onits
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only one transport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK bhit for the serving cell isthe HARQ-ACK bit 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
spatially 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 isset to
NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mappedto p(0) and n(1), respectively,
where p) and p(1) arespecifiedin subclause5.4.1in[3].

For FDD, when a PUCCH format 3 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 apositive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-ri12 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 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, 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].
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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 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 TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations O
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. In
this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPSrelease in the
special 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 A'\‘, , detected by the UE according to Table

7.3-X insubframe N—K', where K' isdefinedin 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 all

the subframe(s) n—k, where ke K. The value VEL)J ,k, includes all PDSCH transmission with and without

corresponding PDCCH/EPDCCH within all the subframe(s) n—Kk. 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 the DAI in DCI format 0/4, Vgy; , 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 val ue of w,;’,; isset to 4 by the DAI in DCI format
0/4 if transmitted.

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 VE% ¢ 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 in subframe N — km in
serving cell ¢, where km isthe smallest valueintheset 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 VDD,L] c can
be omitted.

For all TDD UL/DL configurations, denote U pa ¢ 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 c,where ke K. When configured with one serving cell, the subscript of ¢ in

Upar,c can beomitted. Denote N, 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 specia

subframes associated with asingle UL subframe, of all the corresponding U, + 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 least
one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also

determine the parameter Ny, gieq-
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- For TDD UL/DL configuration0, N, qe Shal 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—Kk, where ke K.

- For the case that the UE is not transmitting on PUSCH in subframen and TDD UL/DL configurations 1-6, if
Upy >0 and V& #(Ug, —1)mod4+1, the UE detectsthat 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 codewords where N, qeq IS determined by the UE as
Nouraies = Vo + 2. 1f the UE does not detect any downlink assignment missing, N, qeq iS determined by

theUEas Ny, geq = Vor - UE shal not transmit HARQ-ACK if Uy, + Ngg=0and Vo = 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 Vo # (UL, —1)mod4+1, the UE detectsthat at least one downlink assignment has been
missed and the UE shall generate NACK for all codewords. The UE determines N, qea = Upa + Nops)
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, the HARQ-ACK feedback bits

oégK oCAfK ,...,oCAg*f\CK 9 for the c-th serving cell configured by RRC are constructed as follows, where 0,
e

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 K= ZBéD L otherwise, where Bf " 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 istransmitting on PUCCH, BP" =M where M isthe number of elementsin the set

K defined in Table 10.1.3.1-1 associated with subframenand theset K does not include a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise

B =M -1.

- For TDD UL/DL configuration 0 or for aPUSCH transmission not adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shall assume BP" =M where M isthe number of elementsintheset 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 B>" =M —1.

The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating
downlink SPSreleasein 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 BP" =W[5,, . 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 Wy = 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 -Ws )/4—| , where U denotes the maximum value of

U, among all the configured serving cells, U, isthe total number of received PDSCHs and PDCCH/EPDCCH
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indicating downlink SPSrelease in subframe(s) n—k onthe 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 SPSrelease in

subframe(s) n—k where ke K and Wy = 4.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK,

- for TDD UL/DL configurations 1-6, the HARQ-ACK for aPDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—-k is

associated with oé%% (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%N (k)-1
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, oCAESN (k)-2 and oCA’%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?gfc,( 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 a PDSCH transmission or for a PDCCH/EPDCCH

indicating downlink SPSreleasein subframe n—k isassociated with OégK if transmission mode configured
ACK ACK

in the c-th serving cell supports one transport block or associated with O, ;= and O_;" otherwise, where

O(f f.jK and O(f 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.
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 0™ 0/ ..., 03,?& _,0n PUSCH are constructed as fol lows.
- 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 SPSreleasein 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 with WS =1or 2, 0f™ 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 all serving cells configured with a downlink transmission mode that

supports up to two transport blocks in case WSy, =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 WSy =3 0r 4, 0™ =0(j), 0< j < 3asdefined in Table 10.1.3.2-5 or

DAI
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 SPS release in subframe(s)
n—k where ke K and Wy = 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 =lor2, O]« = HARQ-ACK()), 0< j< A-1 as

defined 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 =30r4, 0/ =0(j), 0< j <3asdefinedin
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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 aways 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 VDL Number of subframes with PDSCH transmission and
MSB, LSB DAl OF  Vpp with PDCCH/EPDCCH indicating DL SPS release

0,0 1 lor50r9

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 71715 717

Table 7.3-Z: Value of WS, 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 adownlink or special subframeis 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 be transmitted 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 =VJ5 unless Vo =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-Kk is

associated with O}y, Where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D

detected in subframe n—Kk. For the case with Ngg > 0, the HARQ-ACK associated with a PDSCH

transmission without a corresponding PDCCH/EPDCCH is mapped to ngcﬁ Iy The HARQ-ACK feedback

bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS
release are set to NACK.

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 120 ETSI TS 136 213 V12.5.0 (2015-04)

- If the PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
for the UE, O =M , and qACK is associated with the spatially bundied HARQ-ACK for downlink or

specia subframe N—K , where k € 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
shall not transmit HARQ-ACK if Upp +Ngg =0.

For TDD when a PUCCH format 3 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 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 value in the PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where thereis 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 valuein 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 DAl 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 anegative SR transmission. For a positive SR, the UE shall transmit p(0),b(1) onits

assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1in[3]. Thevalue of p(0),b(1) are
NcDeiLIs -1
generated according to Table 7.3-1 fromthe Ngpg + ZU pal ¢ HARQ-ACK responsesincluding ACK in response

c=0
to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords

Nol?all_ls_l
within each PDSCH transmission for all serving cells NCDehs. For TDD UL/DL configurations 1-6, if ZU pal ¢ >0
c=0
and V2 ¢ # (Upa c ~1)mod4+1 for aserving cell c, the UE detects that at least one downlink assignment has been
mi ssed.
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Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

'\loDe|LIs_1

Number of ACK among multiple ( Ngpg + ZU DAl ¢ ) HARQ-ACK responses | 0(0),b(2)
c=0

0 or None (UE detect at least one DL assignment is missed)

o|o|N|o|o | |w [N~
olr|rorlrlor|r|lo
= = E R

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 CSl and b(0),b(1) using PUCCH format 2b for normal CP
or PUCCH format 2 for extended CP, according to subclause 5.2.3.4in [4] with aj,a] replacedby b(0),b@). The
N1

value of p(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 SPSrel eacseoby spatial HARQ-ACK bundling
across multiple codewords within each PDSCH transmission for all serving cells NC%'TS. For TDD UL/DL

N -1
configurations 1-6, if ZU balc >0 and Vg ¢ # (Upar c ~1)mod4+1 for aserving cell ¢, the UE detects that at
least one downlink assig(rzlrr?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 CSl and transmit HARQ-ACK according to subclause
10.1.3.

For TDD and a UE is configured with PUCCH format 3,
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 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 vaue in the PDCCH/EPDCCH isequal to '1', or

- asingle PDSCH transmission only on the primary cell where thereis 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 CSl and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
eseif

- 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

o if thetotal number of bitsin the subframe corresponding to HARQ-ACKs, SR (if any), and the CSl is
not larger than 22, or
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o if thetotal number of bitsin the subframe corresponding to spatially bundled HARQ-ACKSs, 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 CS| and transmit the HARQ-ACK according to subclause 10.1.3.

7.3.2.2 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 isreferred to as the
"DL-reference UL/DL configuration” in the rest of this subclause.

For a configured serving cell, if the DL-reference UL/DL configuration is O, then the DAI in DCI format
V/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 ke KC 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

containsvaluesof Ke K such that subframe n-k corresponds to a downlink 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-
HargReferenceConfig-r12 if the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 for
serving cell ¢; K defined 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 subframen. M_ is the number of elementsin set KC 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 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. In this
casg, if the serving cell isthe primary cell, thereis 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,;’Aﬁ
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' isdefinedin 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 Wy, isset to 4 by the DAI in DCI format 0/4 if transmitted.

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 VS,_'{, c
asthe value 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 in subframe N — Kﬂ inserving cell ¢, where km isthe smallest 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 U pa . 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
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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, the HARQ-ACK feedback bits

oégK oéfK ,...,of‘(CJf\CK » for the c-th serving cell configured by RRC are constructed as follows, where c>0,

OCA X = BCD L if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and O K= 2B?>" otherwise, where B is the number of downlink and special subframes
for which the UE needs to feedback HARQ-ACK hbits 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 a
detected DCI format 0/4 or a PUSCH transmission adjusted based on an associated detected DCI format 0/4 with UL-
reference UL/DL configuration O (defined in Sec 8.0), then BE" =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 cellsbelongsto {0, 1, 2, 3, 4, 6} and for a
PUSCH 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

B2 = min(W_Y5 , M ). The UE shall not transmit HARQ-ACK on PUSCH if the UE does ot receive PDSCH o
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 a PUSCH
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

B>- =mi n(wg,’;, +4 (U ~WSs )/4 L M c), where U denotes the maximum value of U, among all the configured
serving cells, U, isthe total number of received PDSCHs and PDCCH/EPDCCH indicating downlink SPS release 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 release in subframe(s) n—k where ke K and

Won =4
When PUCCH format 3 is configured for transmission of HARQ-ACK,
- if DL-reference UL/DL configuration belongsto {1,2,3,4,5,6}, the HARQ-ACK for aPDSCH transmission

with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in
subframe n-—k isassociated with oé%% (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%A, (K)-2 and
ObSBAI(k)-1 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, oCA,%Al (k)-2 and oCAESA, (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 oACK 1 The HARQ-ACK feedback

¢.0 cACK _
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 releasein subframe n—k isassociated with Ofg"  if
transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK
bundling is applied, or associated with Og (C)K and Oé 1C K otherwise, where Og (C)K and Og 1C “ 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.
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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 feedback bits 05 0™ ..., 0%  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 isdetermined 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 W[‘)’ALI =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 Wg =3 or 4, 0/ =0(j), 0< j <3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M isreplaced by WSy 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 and WEl,JALI =4.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is O, 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=lor2(M definedin Sec10.1.3.2.1), 0 = HARQ-ACK(j),

0< j < A-1 asdefined in subclause 10.1.3.2.1, where the UL -reference UL/DL configuration is the 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 O, or if UL-reference UL/DL configuration (defined in
Sec 8.0) belongsto {1, 2, 3, 4, 6} and, for aPUSCH transmission not adjusted based on a detected PDCCH/EPDCCH

with DCI format 0/4, for asubframe n with M =3or4 (M definedin Sec10.1.3.21), 0] =0(j), 0< j<3as

defined 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 SPSrelease in
subframe(s) n—k where ke K.

When a PUCCH format 3 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, andfor 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 DAl 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, 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
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downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K withthe DAl 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 CSl
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] replacedby b(0),b(1). Thevaueof b(0),b(1) aregenerated according to Table 7.3-1 from
Ngais ~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
Nol?alLIs -1
all serving cells Nc?ehs. If DL-reference UL/DL configuration belongsto {1,2,3,4,5,6} and, if ZU DAl ¢ > 0 and
c=0
VS ¢ # (Upa c —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,

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 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, and for 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

- asingle PDSCH transmission only on the primary cell where thereis 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 5.2.3.4 in [4];
eseif

- 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

o if thetotal number of bitsin the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is
not larger than 22, or

o if thetotal number of hitsin 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 CS| 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.
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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 | 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-HargReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-
MainConfigServCell-r12,

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1a/1b as described in
subclause 7.3.1.

- otherwise

- UE shdl 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 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 aserving cell, shown in table 4.2-1 [3], the special 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 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 correspondsto a PDSCH transmission on the primary cell only or a PDCCH/EPDCCH indicating
downlink SPSrelease 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 is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

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 isdefined in 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
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10.1.3A-1 belongsto { 2,3,4}, BCDL is determined as in subclause 7.3.2.2 for aserving 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 aPUSCH 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 belongsto
{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,;’Aﬁ is determined by the Downlink Assignment I ndex
(DALI) in DCI format 0/4 corresponding to a PUSCH on the serving cell according to Table 7.3-Z in subframe
n—Kk', 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 oCA,SX (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 oéZCSN (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 , 0hStajk)_2 and ohshaik)-1 arethe HARQ-ACK
feedback for codeword 0 and codeword 1, respectively. For the case with Ngpg > 0, the HARQ-ACK associated with
aPDSCH transmission without a corresponding PDCCH/EPDCCH is mapped to 0K .- The HARQ-ACK

600K

feedback bits without any detected PDSCH transmission are set to NACK.

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' in this 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' in this 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 refersto 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.

ETSI



3GPP TS 36.213 version 12.5.0 Release 12 128 ETSI TS 136 213 V12.5.0 (2015-04)

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 DMRS 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.

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 CSI request field set to trigger an aperiodic CSl
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 normal HARQ operation, for a serving cell with frame structure type 1, if aPDCCH/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 al the configured serving cellsis the same, then for a given serving cell, the serving cell UL/DL
configuration is the 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
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 |east two serving
cells are different and if the serving cell isa 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
givenin 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 isthe UL-reference UL/DL configuration for the serving cell.
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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 configuration is 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)
(5.9
(1,0),(2,0),(3,0),(4,0),(5,0)
(2,1),(4,1),5,1
(5.2)
(4,