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Foreword
This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

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

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

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

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

The present document specifies and establishes the characteristics of the physicals layer 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.

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

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-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 —
General 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 —
Measurements".

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

radio transmission and reception”.

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

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

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

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

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

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

3 Symbols and abbreviations
3.1 Symbols

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

N¢ System frame number as defined in [3]
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Resource block size in the frequency domain, expressed as a number of subcarriers as defined in

3GPP TS 36.213 version 14.7.0 Release 14 10
N Slot number within aradio frame as defined in [3]
N%'TS Number of configured cells
NRs Downlink bandwidth configuration, expressed in unitsof NZP as defined in [3]
Nas Uplink bandwidth configuration, expressed in units of N2 as defined in [3]
Ngymb Number of SC-FDMA symbolsin an uplink slot as defined in [3]
NRB
(3]
TS 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
BCH
CCE
CDD
cG

CIF

CQl
CRC
CRI

csl
CSI-IM
DAI

DCI

DL
DL-SCH
DTX
EPDCCH
EPRE
MCG
MCS
NACK
NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
NPSS
NSSS
NRS
PBCH
PCFICH
PDCCH
PDSCH
PHICH
PMCH
PMI
PRACH
PRS
PRB
PSBCH
PSCCH
PSCell

Acknowledgement

Broadcast Channel

Control Channel Element

Cyclic Delay Diversity

Céll Group

Carrier Indicator Field

Channel Quality Indicator

Cyclic Redundancy Check

CSI-RS Resource Indicator

Channel State Information

CSl-interference measurement

Downlink Assignment Index

Downlink Control Information

Downlink

Downlink Shared Channel

Discontinuous Transmission

Enhanced Physical Downlink Control Channel
Energy Per Resource Element

Master Cell Group

Modulation and Coding Scheme

Negative Acknowledgement

Narrowband Physical Broadcast CHannel
Narrowband Physical Downlink Control CHannel
Narrowband Physical Downlink Shared CHannel
Narrowband Physical Random Access CHannel
Narrowband Physical Uplink Shared CHannel
Narrowband Primary Synchronization Signal
Narrowband Secondary Synchronization Signal
Narrowband Reference Signal

Physical Broadcast Channel

Physical Control Format Indicator Channel
Physical Downlink Control Channel

Physical Downlink Shared Channel

Physical Hybrid ARQ Indicator Channel
Physical Multicast Channel

Precoding Matrix Indicator

Physical Random Access Channel

Positioning Reference Signal

Physical Resource Block

Physical Sidelink Broadcast Channel

Physical Sidelink Control Channel

Primary Secondary cell
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PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
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] and the parameter rIf-TimersAndConstantsSCG is provided by the higher layers
and is not set to release, 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 (Qou: and Qin) 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 (Qou: and Qin) defined by relevant testsin
[10].

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

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality isworse than the threshold Qo When the radio link quality is better than the
threshold Qin, 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 or atiming adjustment indication 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 or a timing adjustment indication.

The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has a frame structure type 1 and a secondary
cell in the same TAG has aframe structure type 2 or frame structure 3, UE may assume that Nya > 624.

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

Upon reception of a timing advance command or a timing adjustment indication 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 al the secondary cellsin the TAG based on the received timing advance
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command or atiming adjustment indication where the UL transmission timing for PUSCH /SRS is the same for all the
secondary cellsinthe TAG.

Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if aserving cell inthe 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 al the
secondary cellsin the TAG by using Nraeiiset = 624 regardless of the frame structure type of the serving cells and based
on the received timing advance command or a timing adjustment indication where the UL transmission timing for
PUSCH /SRS isthe same for all the secondary cellsin the TAG. Nryaoiiset 1S described in [3].

The timing adjustment indication specified in [11] indicates the initial Nra used for a TAG.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 Nya values by index
valuesof TA=0, 1, 2, ..., 256 if the UE is configured with a SCG, and TA =0, 1, 2, ..., 1282 otherwise, where an amount
of the time alignment for the TAG isgiven by Nta = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8], Ta, for a TAG indicates adjustment of the current Nra value, Nra oid,
to the new Nra value, Nranew, by index values of TA=0, 1, 2,..., 63, where Nranew = Nraod + (Ta —31)x16. Here,
adjustment of Nra 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 anon-BL/CE UE, 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.

For aBL/CE UE, for atiming advance command received on subframe n, the corresponding adjustment of the uplink
transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe n+6. When the BL/CE
UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on the same narrowband and are
overlapped due to the timing adjustment, the UE shall compl ete transmission of subframe n and is not required to
transmit in subframe n+ 1 until the first available symbol that has no overlapping portion with subframe n. When the
BL/CE UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on different narrowbands,
and the timing adjustment occurs in the guard period for narrowband retuning, the UE is not required to transmit in
subframe n+ 1 until the first available symbol that has no overlapping portion with subframe n and which does not
reduce the guard period.

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

4.3 Timing for Secondary Cell Activation / Deactivation

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

- theactionsrelated to CSl reporting on a serving cell which is active in subframe n+8

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

- theactionsrelated to CSI reporting on a serving cell which is not active in subframe n+8
which shall be applied in the earliest subframe after n+8 in which the serving cell is active.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expiresin subframe n, the corresponding actionsin [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting on a serving cell which is active 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 aso 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.

If aUE is configured with a LAA SCell for uplink transmissions, the UE shall apply the procedures described for
PUSCH and SRS in this clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.

For PUSCH, the transmit power lspusCH’c(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 Ppyccy (i) , defined in Subclause 5.1.1.1, or ISSRS,c(i) is split equally across
the configured antenna ports for PUCCH or SRS. FA’SRS,C(i) isthe linear value of Psrg (i) defined in Subclause 5.1.3.

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

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

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

- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells', 'serving cell’, 'serving
cells 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. Theterm 'primary cell’ in this clause refers to the PSCell of the SCG.

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

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

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

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 (i) for PUSCH transmission in subframei for the serving cell cisgiven by

Pemax ¢ (i),
1010910(M pysch,c (1)) + Po_pusch,c (1) + @c (i) - Ple + Ate (i) + fc (i)

} [dBm]

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

Pruscr.c(i) = min 10|0910(FA)CMAX,c(i)._ Poucch (i)), | | | L dBm)
1010910(M pysch,c(i)) + Po_puscH,c (1) + ac () - Ple + Atg o (i) + fc(i)

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

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

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

f’CMAXp(i) isthe linear value of Peyax (i) - If the UE transmits PUCCH without PUSCH in subframe i for

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

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

where MPR, A-MPR, P-MPR and AT¢ are defined in [6].
- Poycey (i) isthelinear value of Peyccp (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-ri2,

- whenj=0, R, pyseric(0) = Fo ue puscre2(0) + By nominar_puscric2(0) . where =0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. By e pyscric2(0) and By yominar puscrc2(0)

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

- whenj=1, R, pisce (D = By Ue puscric2 (D + B nominal_puscre2(1) - where j=1is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. F’O_UE_F,USC,W2 (Dana

Py NominaL_puscrc2 (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, R, pyscno(2) = By ue puscrc(2) + Po nominar puscrc(2) where By (e puscrc(2) =0 and
PO_NOMINAL_PUSCH,C(Z) = PO_PRE + APREAMBLE_Msgg , Where the parameter

preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and AF,REA,\,,BLE_,\ASQ3 are signalled from higher layers

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

Otherwise

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

Po_nomINAL_puscH,c(2) = Po pre +ApreamBLE _Msg3» Where the parameter
preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and AF,REA,\,,BLE_,\ASQ3 are signalled from higher layers
for serving cell c.

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

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

- Forj=0or1, a(j)=a,,€ {0,0.4,0.5,0.6,0.7,0.8,0.9,1}. «, , isthe parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

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

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

PL. isthedownlink path loss estimate calculated in the UE for servingcell ¢ indBand PL. =

referenceSgnal Power — higher layer filtered RSRP, where referenceSignal 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.

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

- If servingcell ¢ 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
pathlossReferencelinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifserving cell ¢ belongsto a TAG not containing the primary cell or PSCell then serving cell ¢ isused as
the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

AT,:’C(i):1OIoglo((ZBPRE'KS —1)- OF;E,?H) for Kg=1.25and0for Ks=0where Kg isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬂ&%ﬁc“ , for
each serving cell ¢, are computed as below. Kg=0 for transmission mode 2.
c-1
- BPRE =Ocgq / Ngg for control data sent via PUSCH without UL-SCH data and Z K, / Nge for other
r=0
Cases.
- where C isthe number of code blocks, K, isthesizefor codeblock r, Ocgq isthe number of
CQI/PMI bitsincluding CRC bitsand N, isthe number of resource elements determined as
N = M HoScH-intial \ FoocH-initd \where C, K,, M PUSCHANYE and Neng ™ are defined in
[4].

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

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

DCI format 0O/0A/OB/4/4A/4B or in MPDCCH with DCI format 6-0A for serving cell ¢ or jointly coded with
other TPC commandsin PDCCH/MPDCCH 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 as indicated by the higher
layer parameter tpc-SubframeSet-r12, the current PUSCH power control adjustment state for serving cell cis

givenby f_,(i),andthe UE shall use f,(i) instead of f,(i)to determine Ppysch (i) - Otherwise, the

current PUSCH power control adjustment state for serving cell cisgivenby fo(i). f.,(i) and f.(i) are
defined by:

fc(l) = fc(l _1)+5PUSCH,C(i - KPUSCH) and fc,Z(i) = fc,Z(i —1) —+ 5PUSCH,c(i — KPUSCH) |f aCCUmUIation

is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command SpyscH, ¢ Isincluded inaPDCCH/EPDCCH with DCI format 0 or inaMPDCCH with DCI

format 6-0A for serving cell ¢ wherethe CRC is scrambled by the Temporary C-RNTI

where dpysch ¢ (i — Kpysch ) Was signalled on PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B or
MPDCCH with DCI format 6-0A or PDCCH/MPDCCH with DCI format 3/3A on subframe i — Kpygey
and where f.(0) isthefirst value after reset of accumulation. For a BL/CE UE configured with
CEModeA, subframe i —Kpygoy isthelast subframe in which the MPDCCH with DCI format 6-0OA or
MPDCCH with DCI format 3/3A is transmitted.

Thevaueof Kpygy IS

For FDD or FDD-TDD and serving cell frame structuretype 1, Kpygoy =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 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Keusc isgivenin Table5.1.1.1-1.

For TDD UL/DL configuration 0 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell c.

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or aMPDCCH of DCI format 6-0A in which the LSB of the UL index isset to 1,

Kpusch =7
- For al other PUSCH transmissions, Kpygy isgiveninTable5.1.1.1-1.

For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Keusc isgivenin Table5.1.1.1-4.

For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
r14 for the serving cell ¢

- 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 index issetto 1, Kpygey =6

- For al other PUSCH transmissions, Kpygy isgiveninTable5.1.1.1-4.

For a serving cell with frame structure type 3,
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- For an uplink DCI format OA/OB/4A/4B with PUSCH trigger A setto 0, Kpgy iSequal to k+,
where k and | are defined inin Subclause 8.0.

- For an uplink DCI format 0A/0B/4A/4B with PUSCH trigger A set to 1 and upon the detection of
PDCCH with DCI CRC scrambled by CC-RNTI and with 'PUSCH trigger B' field set to '1'
described in Subclause 8.0, Kpygy isequal to p+k+l, wherep, k and | are defined in Subclause

8.0.

- If aUE detected multiple TPC commands in subframe i — Kp gy , the UE shall usethe TPC

command in the PDCCH/EPDCCH with DCI format 0A/0B/4A/4B which schedules PUSCH
transmission in subframei.

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

- For serving cell ¢ and a BL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH
of DCI format 6-0A with the UE's C-RNTI or SPS C-RNTI and aMPDCCH of DCI format 3/3A with
this UE's TPC-PUSCH-RNTI in every BL/CE downlink subframe except when in DRX

- For anon-BL/CE UE, if DCI format 0/0A/0B/4/4A/4B for serving cell cand DCI format 3/3A are both
detected in the same subframe, then the UE shall usethe dpscy ¢ provided in DCI format

0/0A/0B/4/4A/4B.

- For aBL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell cand DCI format 3/3A
are both detected in the same subframe, then the UE shall usethe dpgcy ¢ Pprovided in DCI format 6-

OA.

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

- OpyscH,c = 0dB if the subframe i is not the first subframe scheduled by a PDCCH/EPDCCH of DCI
format OB/4B.

- The Jpysch,c dB accumulated values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/4/4A/4B or MPDCCH with DCI format 6-0A are givenin Table 5.1.1.1-2. If the
PDCCH/EPDCCH with DCI format 0 or MPDCCH with DCI format 6-0A isvalidated as a SPS
activation or release PDCCH/EPDCCH/MPDCCH, then Jpysc ¢ 1S 0dB.

- The dpygcy dB accumulated values signalled on PDCCH/MPDCCH with DCI format 3/3A are one of

SET1givenin Table5.1.1.1-2 or SET2 givenin Table 5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

- If UE hasreached Poyax (i) forserving cell c, positive TPC commands for serving cell ¢ shall not
be accumulated

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

- If the UE isnot configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving
cell C, the UE shall reset accumulation

- Forserving cell ¢, when Py ye pysch ,c Valueischanged by higher layers

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

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

- the UE shall reset accumulation correspondingto f () for serving cell ¢
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- when Py yg puscH ¢ Valueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

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

- when Ry g puscrc2 Valueis changed by higher layers

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

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

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

fe(i) = Spusch,c (i — Kpusch) and T ,(1) = Fpyson (| — Kpysen) i accumulation is not enabled for

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

where dpyscy ¢ (i — Kpysch ) Was signalled on PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B or
MPDCCH with DCI format 6-0A for serving cell ¢ on subframe i — Kp gy - For aBL/CE UE

configured with CEModeA, subframe i — Kp gy IS thelast subframe in which the MPDCCH with DCI
format 6-0A or MPDCCH with DCI format 3/3A is transmitted.

Thevalueof Kp,gy IS
- For FDD or FDD-TDD and serving cell frame structuretype 1, Kpgoy =4

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

- For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Keusc isgivenin Table5.1.1.1-1.

- For TDD UL/DL configuration 0 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell c.

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or aMPDCCH with DCI format 6-0A in which the LSB of the UL index is set to 1,

Kpusch =7
- For al other PUSCH transmissions, Ky sy isgivenin Table5.1.1.1-1.

- For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Keusc isgivenin Table5.1.1.1-4.

- For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
r14 for the serving cell ¢

- 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 index issetto 1, Kpygy =6

- For all other PUSCH transmissions, Ko isgivenin Table5.1.1.1-4.
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- For aserving cell with frame structure type 3,

- For an uplink DCI format OA/4A with PUSCH trigger A sett0 0, Kpygy iSequal to k+l, where k
and | are defined in in Subclause 8.0.

- For an uplink DCI format 0B/4B with PUSCH trigger A setto 0, Kpygy isequal to k+l+i' with
i’ = mod(niHARQ_ID — Nyaro D NHARQ) , where n'iarg 10 is HARQ process number in subframe
i, and k, |, NHARQ ID and NHARQ are defined in Subclause 8.0.

- For an uplink DCI format OA/4A with PUSCH trigger A set to 1 and upon the detection of
PDCCH with DCI CRC scrambled by CC-RNTI and with 'PUSCH trigger B' field set to '1'

described in Subclause 8.0, Ky isequal to p+k+l, wherep, k and | are defined in Subclause
8.0.

- For an uplink DCI format 0B/4B with PUSCH trigger A set to 1 and upon the detection of PDCCH
with DCI CRC scrambled by CC-RNTI and with 'PUSCH trigger B' field set to '1' described in
Subdlause 8.0, K pyecy is €qual to e+ with 7 = MOd(Mumg 15 — Muaro 16 Niano ) Where

N'warg 10 iSHARQ process number in subframei, and p, K, |, Niarg 1o and Nuaro are defined in
Subclause 8.0.

If a UE detected multiple TPC commands in subframe i — Kpgy , the UE shall use the TPC

command in the PDCCH/EPDCCH with DCI format 0A/0B/4A/4B which schedules PUSCH
transmission in subframei.

- The Jpysch,c dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B or

aMPDCCH with DCI format 6-0A are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI
format 0 or aMPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then Spyscy ¢ is0dB.

- foranon-BL/CEUE, f¢(i)=fo(i-1) and f_,(i)=f ,(i—1) forasubframewhereno

PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B 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.

- for aBL/CE UE configured with CEModeA, f (i) = f.(i-1) and f_,(i)= f_,(i—1) for asubframe

where no MPDCCH with DCI format 6-0A is decoded for serving cell ¢ or where DRX occursori is
not an uplink subframein TDD.

- 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)

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

- If Po ue puscH ¢ vaueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po UE puscH ¢ vVaueisreceived by higher layersand serving cell ¢ isaSecondary cell

- £.(0)=0

- Else

- If the UE receives the random access response message for aserving cell ¢
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f.(0) = AP, pue O » Where

)

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))
AI:?'arnpup,c = min max 0’ PCMAX,C -+ I:)O_PUSCH 0(2) + 5rrng ’
+a,(2)-PL+ A (0)

AP and AP

rampuprequested,c

rampupreqested ¢ is provided by higher layers and

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

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

- If PO_UE_PUSCH,C,Z valueisreceived by higher layers for aserving cell c.

- fc,2 (O) =0

Table 5.1.1.1-1: K gy for TDD configuration 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3|4|5|6|7|8]|9
0 -|l6]7]4 -[6]7]4
1 -[-]e6la]l-][-[-]6]4
2 --lal-1-1-1-1a]-[-
3 - -14l414)-1-1-1-1-
4 -1-]a]4 S1-1-1-7-
5 - -l4al - - -]--1-]-
6 - -J7l7]s5]-1]- 7] -

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/0A/0B/3/4/4A/4B/6-0A/3B to absolute
and accumulated Jpygcy o Values

TPC Command Field in

DCI format 0/OA/OB/3/4/4A/AB/6- Accumulated JSpyscH ¢ Absolute Opyscy ¢ [dB] only DCI format
0A/3B [dB] 0/0A/OB/4/4A/4B6-0A
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/3B to accumulated JpyscH ¢ values

TPC Command Field in
DCI format 3A/3B

0 -1

1 1

Accumulated dpyscy ¢ [dB]
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Table 5.1.1.1-4: K, gy for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14

TDD UL/DL subframe number i
Configuration | 0|12 |3 |4|5|6]|7]|8]9
0 - |57 |7|14]|-|5|7|7]|4
1 -|6|6|4]|-|-]16|6]|4]-
2 -[slal-]-[-]5]4]-]-
3 -lalalalal-1-1-1-1-
4 -141414)-|-1-1-1-1-
5 Slalal-T-1-1-1-1-1-
6 -|6|7|7|5|-16|7|7]-

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

Z W(i) ’ ISPUSCH,C(i) < (lSCMAX (') - IE)PUCCH ('))

is satisfied where Ppyccp (i) isthelinear value of Peyccn (i), ISPUSCH,C(i) isthe linear value of Poyscn (i)

FA’CMA>< (i) isthelinear value of the UE total configured maximum output power Py, defined in[6] in subframe i

andw(i) isascaling factor of ISPUSCH]C(i)forservingcell ¢ where 0<w(i) <1. In case thereisno PUCCH

transmission in subframei Poyccy (i) = 0.

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

would exceed ISCMAX (i) , the UE scales ISPUSCH,C(i) for the serving cells without UCI in subframe i such that the
condition

S W) - Brosors o (1) < Pryga () = Proscrr (1)

C#j

is satisfied where ﬁPUSCH’j (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

ISPUSCHlC(i)forservingcell ¢ without UCI. In this case, no power scaling is applied to ISPUSCH,j(i) unless

Zw(i) -Peuscrc(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 or a PUCCH-SCell, note that W(i) values are the same across serving cells when
w(i) > 0 but for certain serving cells w(i) may be zero.

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

and the total transmit power of the UE would exceed FA’C,\,I x (1), the UE obtains ISPUSCH,C(i) according to

(FA)CMAX (i)- ISPUCCH (')))

and

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

A

PPUSCH,j (i) =min

A

(Pogecsr, (),

ZW(i) ’ ISPUSCH,C (') < (IE)CMAX (') - ISPUCCH (') - ISPUSCH,J' ('))

c#j

If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe i
for agiven serving cell ina TAG overlaps some portion of the first symbol of the PUSCH transmission on
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subframe i +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to
not exceed PCM ax ON any overlapped portion.

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

i +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to not exceed
P.\1ax on any overlapped portion.

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

power exceeds F{:M ax On any overlapped portion of the symbol.

- 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 | for a
different serving cell(s) and with PUSCH/PUCCH transmission on subframe | or subframe i + 1 for another

serving cell(s) the UE shall drop the SRS transmissions if the total transmission power exceeds P-y,a 0n 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 asecondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving
cell belonging to a different TAG, drop SRS if the total transmission power exceeds F{:M ax ON 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 paralel with PUSCH/PUCCH in adifferent serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that itstotal transmission power does not exceed

P.\1ax On the overlapped portion.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor w(i)

assuming that the UE performs a PUSCH transmission on the LAA SCell in subframe i irrespective of whether the UE
can access the LAA SCell for the PUSCH transmission in subframe i according to the channel access procedures
described in Subclause 15.2.1.

For aBL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframe o, i1, ..., in1
whereio< i1< ...<in1, the PUSCH transmit power in subframeix, k=0, 1, ..., N-1, is determined by

PPUSCH,c(ik) = PPUSCH c (io)

For aBL/CE UE configured with CEModeB, the PUSCH transmit power in subframe ix is determined by

PPUSCH,c(ik) = PCMAX,C (io)

511.2 Power headroom

There are three 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 refersto
serving cell belonging to the MCG.
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- For computing power headroom for cells belonging to SCG, the term 'serving cell' in this subclause refers to
serving cell belonging to the SCG. The term 'primary cell’ in this subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell,

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

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

If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives PDCCH/EPDCCH with DCI
format 0A/OB/4A/4B with PUSCH trigger A set to 0 corresponding to a PUSCH transmission on the LAA SCell in
subframe i, power headroom for subframei is computed assuming that the UE performs a PUSCH transmission on the
LAA SCdll in subframei irrespective of whether the UE can access the LAA SCell for the PUSCH transmissionin
subframe i according to the channel access procedures described in Subclause 15.2.1.

If the UE is configured with an LAA SCell for uplink transmissions, and if the UE reports power headroom in subframe
i inserving cell cinaPUSCH transmission scheduled using DCI format OA/OB/4A/4B with 'PUSCH trigger A' setto O
or in a PUSCH transmission scheduled using DCI format 0/4,

- for LAA SCells other than serving cell ¢ on which UE receives a DCI format 0A/OB/4A/4B or PUSCH trigger B
in subframei-4 or earlier indicating a PUSCH transmission in subframe i, power headroom for the serving cell is
computed assuming that the UE performs a PUSCH transmission on that serving cell in subframei.

- for LAA SCélls other than serving cell ¢ on which UE does not receive a DCI format 0A/0OB/4A/4B or PUSCH
trigger B in subframe i-4 or earlier, indicating a PUSCH transmission in subframei, power headroom for the
serving cell is computed assuming that the UE does not perform a PUSCH transmission on that serving cell in
subframei.

If the UE is configured with a LAA SCell for uplink transmissions, and if the UE receives a DCI format 0A/OB/4A/4B
with PUSCH trigger A set to 1 in subframe n on serving cell ¢, and if the UE reports power headroom on serving cell ¢
using the received DCI,

- for serving cells other than the serving cell ¢, the UE computes power headroom assuming that it performs a
PUSCH transmission in subframe n+4, if in subrame n or earlier, the UE receives a DCI format 0/4 or DCI
format OA/OB/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating PUSCH
transmission in subframe n+4.

- for serving cells other than the serving cell ¢, the UE computes power headroom assuming that it does not
perform a PUSCH transmission in subframe n+4, if in subrame n or earlier, the UE does not receive a DCI
Format 0/4 or DCI format 0A/0B/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating
PUSCH transmission in subframe n+4.

Type 1

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

PH ypet o (i) = Pemax o (i)— 11010930 (M puscr,c (1)) + Po,_puscr,e(1) + @ (i) - PLe + Atp (i) + fo(i) } [dB]

where, Poyax (i), Mpuschc() s Po puscr,c(i)» @c(i), Ple, A (i) ad fc(i) aredefined in Subclause
51.1.1.

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

PH ypet ¢ (1) = Pomaxc ()= 11010030 (M puscr, e () + Po, puscr, ¢ (i) + @ (i) - Ple + Atrc () + fe(i) | [dB]

ETSI



3GPP TS 36.213 version 14.7.0 Release 14 25 ETSI TS 136 213 V14.7.0 (2018-10)

where, Mpysc,c(1) s Po pusch,c(i) s @c(i), Ple, Ay (i) and fc(i) aredefinedin Subclause5.1.1.1.
I50M Ax (i) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers ISCM Ax,c(i) instead of Poyax (i) to higher layers,

If the UE does not transmit PUSCH in subframe i for serving cell c, or if the UE is configured with an LAA SCell
for uplink transmissions and receives DCI Format 0A/0B/4A/4B with PUSCH trigger A set to 1 on aserving cell ¢ and
if the UE reports power headroom in the PUSCH transmission corresponding to the DCI in serving cell ¢, then the
power headroom for a Type 1 report is computed using

PH typel,c(i) = 5CMAX,c(i)_ { PO_PUSCH,C(l) + ac(l)' PLc + fc(i) } [dB]

where, Pomax ¢(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB, where MPR , A-
MPR, P-MPR and ATc are defined in[6]. Pg pysch, (D), (1), PL¢,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 puscH,c (1) +Po_pusch,c (1) +ac (1) Ple+Aqec (i) + f¢ (i))/lO

PH typeo (i) = Pemax ¢ (i) —1010919 [dB]

+ 10(P07PUCCH +PLc+h(nCQI rnHARanSR)*'AFjUCCH (F)+Amnp (F)+g(i ))/10
where, Pomax.cr Mpusch,c() s Po pusch,c(i), @c(i), A (i) and fc(i) aretheprimary cell parameters as
defined in Subclause 5.1.1.1 and Py pycch s Ple, h(ncgr s Nparg :Nsr) » Ar pucen (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

(10|0910(MPUSCH,c(i))+P07PUSCH,c(j)+ac(j)‘PLc+ATF,c(i)+fc(i))/lo (dB]

PH i)=P i)—10l B
type2 (1) = Pomax ¢ (i) 0010 . 10(Po_pucm +PLy+g(i))10

where, Pemaxc (i) » Mpusch,c() . Po pusch,c(), (), A (i) and fc(i) aretheprimary cell parametersas

defined in Subclause 5.1.1.1 and Py pyccy » 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

(PO_PUSCH,c(l)*'U‘c (1)-PL+ fc(i))/lo

o o dB
PthpeZ(') PCMAX'C(I) 10l0ga +10(P07PUCCH+PLc+h(nCQIvnHARanS?)+AF7PUCCH(F)+ATxD(F')+g(i))/1O [aB]

where, Po pysch,c(D), ac(D) and f(i) aretheprimary cell parameters as defined in Subclause 5.1.1.1, Poyax ¢ (i)

’PO_PUCCH’ PLC’ h(nCQ| ,nHARQ,nSQ), AF_PUCCH(F)’ ATXD(Fl) and g(|) are also 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
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(POJUSCH,C D+ (1)-PL +fe (i))/lO

PH typep (i) = P i)—10l dB
type2 (1) = Pomax ¢ (i) —10logsg . 10(P0_PUCCH +PLy+g(i))10 [dB]

where, |SCMAx,c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB, where MPR,

A-MPR, P-MPR and ATc are defined in[6], Po pysch,c(D), (1) and fc(i) aretheprimary cell parameters as
defined in Subclause 5.1.1.1 and Py pyccy » PLe and g(i) aredefined in Subclause 5.1.2.1.
If the UE is unable to determine whether thereis a PUCCH transmission corresponding to PDSCH transmission(s) or

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

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

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

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

(10|0910(MPUSCH,c(i))+P07PUSCH,c(j)+ac(j)‘PLc+ATF,c(i)+fc(i))/lo (dB]

PH i)=P i)—10l B
type2 (1) = Pomax ¢ (i) 0010 . 10(P0_PUCCH +PLy+g(i))10

where, Pemaxc (i) » Mpusch,c(i) . Po pusch,c(i), (1), A (i) and fc(i) aretheprimary cell parametersas

defined in Subclause 5.1.1.1 and Py pyccy » PLe and g(i) aredefined in Subclause 5.1.2.1.

Type 3:
Computation of power headroom for Type 3 report is described in Subclause 5.1.3.2.

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 belongs to 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) isdefined in Subclause 5.1.1.1.

51.2 Physical uplink control channel

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

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

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

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

- When the procedures are applied for the secondary PUCCH group, the term 'serving cell' in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term ‘primary cell' in this subclause refersto the
PUCCH-SCell of the secondary PUCCH group.
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5121 UE behaviour

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

Pemax,c (i),

R i)=min . ¢+ [dBm]
Puccr (1) {PO_PUCCH +PLg + h(nCQ| ‘NHARQ, N )+ Ar pucc (F)+ A (F) + gl )}

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

P (i ) —min Powax,c (1) [dBm]
PUCCH P pucen + PL. +lOIoglo(|V| pUCCH,c(i ))+ ATF,c(i )+ At pucen (F )+ g(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

Pruccr (i)= min{PCMAX,c(i)v P pucer +PLc + qi )} [dBm]
where

- Pomax ¢ (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 Peyax (i) asgiven by Subclause 5.1.1.1. If the UE does not transmit

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

MPR, A-MPR, P-MPR and AT¢ are defined in [6].

- Theparameter Ag pyccy (F) isprovided by higher layers. Each Ag pyccq (F) value correspondsto a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F ) isdefined in Table 5.4-1 of [3].

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

- h(ncgr s NHarg s Nsr) isaPUCCH format dependent value, where ncq, corresponds to the number of
information bits for the channel quality information defined in Subclause 5.2.3.3in[4]. ngg = 1if subframei is

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

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

HARQ-ACK bits sent in subframei.

For PUCCH format 1,1aand 1b h(ncgy , Niarg - Nsr )= 0

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

(Naro —1)
2

h(nCQ| ,nHARQ , nsq) = , otherwise, h(nCQ| ,nHARQ s nsQ)Z 0

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

n

10'0910( Cfl ] if nCQ| >4

0 otherwise

h(nCQI NHARQ, nSR) =

- For PUCCH format 2 and extended cyclic prefix
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NcQl +NHARQ | .
_— if n +Nn >4
( 7 j cQl T MHARQ

): 10'0910

0 otherwise

h(”cq ,NHARQ, "R

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

- 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
NyarQ +Nsr —1

h(ncqr s NHARD: NR) = 3

- Otherwise

nHARQ + N -1
h(ncgr  NHARQ  NR) = -,
- 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 CSlI

nHARQ +Ng+ nco| -1
3

h(nCQI 1 Nharg nSR) =

- Otherwise

Nparo + Nr + N —1
2

h(nCQI 1 Nharg: Ng) =

- For PUCCH format 4, M F)UCCH’C(i ) is the bandwidth of the PUCCH format 4 expressed in number of

resource blocks valid for subframei and serving cell ¢. For PUCCH format 5, M pcqy (i)=1.

B ATF ,.C (I) = 1O|0g10 (21.25.BPRE(i) - l) Where BPRE(I ) = OUCI (I )/ NRE (I) !

O, (i) isthe number of HARQ-ACK/SR/RI/CQI/PMI bitsincluding CRC bits transmitted on PUCCH
format 4/5 in subframei,

T Nee()= Moo oi)- N2 - NEUSoH for PUCCH format 4 and N__(i)= N NEueer /2 for PUCCH format 5;

- NPUCeH o, (Niﬁm _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i

symb

and N EuecH =2~(N§;b—1) otherwise.

Po puccr IS aparameter composed of the sum of a parameter P, yominal puccn  Provided by higher layers

and aparameter B, g pycey Provided by higher layers,

- Opyccy isaUE specific correction value, aso 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 inaMPDCCH with DCI format 6-1A, 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/MPDCCH with DCI format 3/3A whose CRC
parity bits are scrambled with TPC-PUCCH-RNTI.

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

- If aUEisconfigured for EPDCCH monitoring, the UE attempts to decode
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- 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.

- For aBL/CE UE configured with CEModeA, the UE attempts to decode aMPDCCH of DCI format 3/3A
with the UE's TPC-PUCCH-RNTI and MPDCCH of DCI format 6-1A with the UE's C-RNTI or SPS C-
RNTI on every BL/CE downlink subframe except whenin DRX.

- 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 or
- an MPDCCH with DCI format 6-1A

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 asin Subclause 10.1,
the UE shall usethe Jpyccy provided in that PDCCH/EPDCCH/MPDCCH.

Else

- if the UE decodes a PDCCH/MPDCCH with DCI format 3/3A, the UE shal usethe Opyccy providedin
that PDCCH/MPDCCH

elsethe UE shall set Spyeey = 0 dB.

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 Kk, =4.

- For TDD, vauesof M and km aregivenin Table 10.1.3.1-1, where the "UL/DL configuration” in

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

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

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A are givenin 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 or MPDCCH with DCI format 6-1A is validated as an SPS activation
PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with DCI format 1A or MPDCCH with DCI
format 6-1A isvalidated as an SPS release PDCCH/EPDCCH/MPDCCH, then Jpcqy is0dB.

- The 5PUCCH dB values signalled on PDCCH/MPDCCH with DCI format 3/3A are givenin Table
5.1.2.1-1orinTable5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Vaueischanged by higher layers,

- Else
- 9(0)= AF)rampup + 5mng » Where
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Omeg2 1S the TPC command indicated in the random access response corresponding to the random
access preamble transmitted in the primary cell, see Subclause 6.2 and

- if UEistransmitting PUCCH in subframei,

R)_ PUCCH
AP pp =Mint smax| 0, Byyax . —| + PLe + h(Negy Nyaro Nsr) ,
+ AF_PUCCH (F) +ATXD(F')
AF)rarnpuprequaﬂed
Otherwise,
AI:)ra.rnpup = mln[{maX(O, PCMAX,C - (PO_PUCCH + PLc ))}’ AI:)rampupreqwsted ]and Aprampuprequwed

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

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

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

- when P, g puccn  VaAUeis changed by higher layers

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

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

For a BL/CE UE configured with CEModeA, if the PUCCH is transmitted in more than one subframeio, iy, ..., in1
whereio< i1< ...<in1, the PUCCH transmit power in subframeiy , k=0, 1, ..., N-1is determined by

PPUCCH c (i k ) = PPUCCH c (io)

For a BL/CE UE configured with CEModeB, the PUCCH transmit power in subframe iy is determined by

PPUCCH,c(ik) = PCMAX,c(iO)

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3/6-1A to
Opyccy Values

TPC Command Field in ) [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3/6-1A 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 5PUCCH [dB]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)
5.1.3.1 UE behaviour
The setting of the UE Transmit power Pgzgfor the SRS transmitted on subframe i for serving cell ¢ is defined by:

for serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission
PSRS,c(i ) = mln{ PCMAX,c(i)’ 10|0910(MSRS,C) + POfSRS,c(m) + aSRS,c ’ I:)Lc + fSRSc(I) } [dBm]

otherwise

Psrscli)= min{ Pemax.c(i): Psrs oFrseT,c(M) +1010910(Msrse) + Po_pusch.c(i) + @c(j) - Pl + (i) } [dBm]
where
- Pomax (i) isthe configured UE transmit power defined in [6] in subframei for serving cell c.
- Psrs 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.

- Mggrg isthebandwidth 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(i) and ac(j) areparameters as defined in Subclause 5.1.1.1 for subframe I, where j=1.
- Ogg,. isthehigher layer parameter alpha-SRS configured by higher layers for serving cell c.

- Py srsc(M) isaparameter composed of the sum of acomponent Py, youinaL srse (M) which is p0-Nominal-
PeriodicSRS or pO0-Nominal-AperiodicSRS provided from higher layers for m=0 or 1 and a component
Po. ue srsc (M) which is p0-UE-PeriodicSRS or p0-UE-AperiodicSRS which is p0-UE-PeriodicSRS or p0-UE-

AperiodicSRS provided by higher layers for m=0 or 1 for serving cell €. For SRS transmission given trigger
type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- For serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission, the
current SRS power control adjustment stateis given by f ¢ (i) and is defined by:

frsc(i) = fapsc (i =1) + Ogrs (i — Kgs) if accumulation is enabled, and

forsc (i) = Ogrsc (i — Kgrs) if accumulation is not enabled based on higher layer parameter
Accumulation-enabled, where

- Ogsc(i — Kgg) isacorrection value, also referred to asa SRS TPC command signalled on PDCCH with

DCI format 3B in the most recent subframe | — K g, where Kgg =2 4.

- TheUE isnot expected to receive different SRS TPC command values for serving cell ¢ inthe same
subframe.
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The UE attempts to decode a PDCCH of DCI format 3B with CRC scrambled by higher layer parameter srs-
TPC-RNTI-r14in every subframe except where serving cell ¢ isdeactivated.

Ogrsc = 0dB for asubframe where no TPC command in PDCCH with DCI format 3B is decoded for

serving cell ¢ oriisnot an uplink/special subframein TDD or FDD-TDD and serving cell ¢ frame structure
type 2.

If higher layer parameter fieldTypeFormat3B indicates 2-bit TPC command, the 5SRS dB values signalled
on PDCCH with DCI format 3B are givenin Table 5.1.1.1-2 by replacing dpyscy . With 55R5v or if higher
layer parameter fieldTypeFormat3B indicates 1-bit TPC command, the 5SRS dB values signalled on PDCCH
with DCI format 3B are given in Table 5.1.1.1-3 by replacing dpyscy ¢ With 55Rs-

If accumulation isenabled, fgq (0) isthefirst value after reset of accumulation. The UE shall reset
accumulation

- Forservingcell ¢, when B, ¢ g valueischanged by higher layers
- For serving cell ¢, when the UE receives random access response message for serving cell c.

For both types of fq . (*) (accumulation or current absolute) the first value is set as follows:
- If By yg srsc Vaueisreceived by higher layers

B fSRs,c(O)=0
- dse

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

B fSRS,c (0) = APr +9,

ampup,c msg2,c’ where

)

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

0,
max ,
Aprampup,c =min { [ PCMAX,C - (10|0910(M SRs,c(o)) + PO_SRS,c(m) *+ Opsc PL, )]}
AP

rampuprequested ,c

and AF)rarr‘puprequeﬂed,c

is provided by higher layers and corresponds to the total power ramp-up
requested by higher layers from the first to the last preamblein the serving cell ¢, M gs(0) is

the bandwidth of the SRS transmission expressed in number of resource blocks valid for the
subframe of first SRS transmission in the serving cell c.

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

D W(i) - Page o (1) < Peax (1)

is satisfied where IE’SRSC(i) isthe linear value of Pags (i), Powax (i) isthelinear value of Paya 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.
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If the UE is not configured with an SCG or aPUCCH-SCell, and if the UE is configured with multiple TAGs and the
SRS transmission of the UE in an SC-FDMA symbol for a serving cell in subframe linaTAG overlaps with the SRS
transmission in another SC-FDMA symbol in subframe i for aservi ng cell in another TAG, and if the total transmit
power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed Pey,a (i) , the UE scales

IE’SRSC(i) for the serving cell ¢ and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the
condition

D W(i) - P o (i) < Pax (1)

is satisfied where ISSRSC(i) isthe linear value of Pszs (i), Pouax (1) isthelinear value of Pryay definedin[6] in

subframei andw(i) isascaling factor of ﬁSRSC(i) for serving cell ¢ where 0<w(i) <1. Notethat w(i) values are
the same across serving cells.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor w(i)

assuming that the UE performs a SRS transmission on the LAA SCell in subframei irrespective of whether the UE can
accessthe LAA SCell for the SRS transmission in subframe i according to the channel access procedures described in
Subclause 15.2.1.

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 UE shall use f_, (i) instead of f¢ (i) to determine Pigg (i) for subframei and serving cell ¢
,where f_,(i) isdefinedin Subclause5.1.1.1.

5.1.3.2 Power headroom for Type3 report
For serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission,

if the UE transmits SRS in subframe i for serving cell ¢, power headroom for a Type 3 report is computed using
PH typeB,C(i) = PCMAX ,c(i)_ {10|0910(M SRs,c) + Po_SRs,c(m) + Q'SRs,c ’ PLC + fSRS,C (i ) } [dB]
where PL, isdefined in Subclause 5.1.1.1. Pyyay (i), Marsc: Po srec(M)  Oepser fers (i) are definedin

Subclause 5.1.3.1.

if the UE does not transmit SRS in subframe i for serving cell ¢, power headroom for a Type 3 report is computed
using

PH type3,c ()= ISCMAX,C(i)_ { PO_SRS,c @+ g PL. + fSRS,c (') } [dB]

where PL isdefined in Subclause 5.1.1.1., Py e (D), Ogs . s, (i) are defined in Subclause 5.1.3.1.
ISCM Ax,c(i) is computed based on the requirementsin [6] assuming a SRS transmission in subframe i , and
assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢c =0dB. MPR, A-MPR, P-MPR and AT¢ are defined in
[6]. For this case, the physical layer delivers Poyax (1) instead of Poyax (i) tohigher layers.
5.1.4 Power allocation for dual connectivity
If aUE is configured with multiple cell groups,

- if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the
UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer
parameter power ControlMode indicates dual connectivity power control mode 1
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- if the maximum uplink timing difference between transmitted signals to different serving cellsincluding
serving cells belonging to different CGsis equal to or less than the minimum regquirement for maximum
transmission timing difference for synchronous dual connectivity defined in [10].

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

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

transmissions would exceed ISC,\,IAX (11,i2), the UE shall transmit the PRACH on the Pcell using the
preamble transmission power Bug, o, described in Subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed

FA’C,\,I ax (1112) , where If’CM ax (11,12) 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 transmission,

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

- if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher
layer parameter power Control Mode 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 11of MCG overlapsin time another PRACH transmission
in subframe 1 2of SCG, and if the time difference between the start of the two PRACH transmissionsis less
than 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 ilof MCG,

and if the total power of both the PRACH transmissions exceeds FA’C,\,I ax (1112) , the UE shall transmit the
PRACH on the Pcell using the preambl e transmission power Peracr 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 FA’C,\,I ax (1112) , where If’CM ax (11,12) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i 1i 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 i1 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

- if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1: If
the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1 and if
FA’PUCCH _cca(i1) would exceed SI(i1), the UE scales FA’F,UCCH _cca(12) such that the condition
A1) Pryeen cer(i2) = max{0, SL(i1)} is stisfied where 0< 0A(i1) <1 and
ls'PUCCH _cGl (iD= A(i1) - ISPUCCH _CGl(il) A lE)PUCCH _CGl(il) would not exceed S1(i1),
P'rucen cor (11) = Prcen cea(i1) - If the UE has aPUSCH transmission with UCH including HARQ-ACK in

A

subframe ilof serving cell ¢, € CGL, andif Fygy , (1) would exceed S1(i1), the UE scales
Pougen o, (1) such thet the condition 0/A(i1) - Py o (1) = max{0, SL(i1) } is satisfied where
0< A1) <1 and P'oygyy o (i2) = A1) - Poygyy o (i) - 1f Paygeyy o (i1) would not exceed SI(i1),
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IS'PUEI:H G (iD= ISPUSCH C (iD.
SI(i1) isdetermined as follows

0,

| X . . A _ | maxXy A 1 Yoa2
SUi1) = Py (1112) —~ Py i)~ Py(i2) - mind | Royax (1112) - 7822 -

P.(i2)["
P, (i2)

where

} ISul(il) = ISPRACH _CGl(il) ;

- ifCG1isMCG and CG2is SCG,

Isql(i 2)= ISPRACH _CG2 (i2);

P02 = Prucos cealiD+ 3 (P, (124 P, (12)):

¢,eCG2

- if CG1lisSCG and CG2isMCG

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

i lsql(i 2)= lE)PRACH ce2(i2)+ lf)'PUCCH ce2(i2);

PLi2)= > (lsPUSCH,(‘Q(iZ)'i‘ ;5,%02))

¢,eCG2

- eseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe i2 of serving
cdl j,e CG2,

Isql(i 2)= ISPRACH 7cez(i 2) + lsIPUSCH s (i2);
IS'ql (i2)= Z ISPUSCH S (i2)+ Z I':SSRS,C2 (i2);
c,eCG2,co#], c,eCG2

- otherwise,

Isql(i 2)= ISPRACH _CG2 (i2);

ﬁﬂ®=%mﬂwa+z(%mgm+;%mﬂ

,eCG2

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

Poucon _cc1(i1) would exceed S2(i1) , the UE scales Poucon _cca(12) such that the condition
02(i1) Pryeen co(iD) = max{0, S2(i1) }is satisfied where 0 < &r2(i1) <1 and
ISIPUCCH e (D) = a2(i1)- ISPUCCH ca(iD) - If ISPUCCH _ce1(11) would not exceed S2(i1),

FA"PUCCH a1 (1) = Poycen cea(id) - If the UE has a PUSCH transmission with UCI not including HARQ-
ACK in subframe ilof serving cell ¢, € CGL, andif Phyqu « (12) would exceed S2(i1), the UE scales
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Poysen o, (1) such thet the condition or2(i1) - Payecys o (i1) = max{0, S2(i1)} is satisfied where
0<a2(i) <1 and Poygy g (iD) = @2(1) - Poygy o (1) 1f Poygey o, (1) would not exceed S2(i1),

P'PUSI:H,q (il) = PPUSCH < (il) .
S2(i) is determined as follows
0,
. A - A A | maxy 19y, Yce2 _ B g
S2(i1) = Pyyax (i1,i2) = R, (i1) - P,(i2) —min Pomax (Ill2)-ﬁ— P(i2)
P (12)

where

- PL(D) =Poracn _cor(D+P'rucen _cor (i1)if the UE hasa PUCCH transmission with HARQ-ACK/SR
and a PUSCH transmission with UCI not including HARQ-ACK in subframe i1 of CG1, otherwise,
Pu2 (il) = PPRACH 7ce1(i1) .

- ifCGlisMCG and CG2is SCG

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

Iqu (i 2) = ISPRACH _cez(i 2) + IS'PUCCH _CG2 (i 2)

p,i2)= 3 [ﬁPUSCH,cQ(iZ)-l_ QSRS,CZ(iZ)j;

,eCG2

- dseif the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe 2 of serving
cel j,e CG2,

Iqu (i 2) = ISPRACH _cez(i 2) + ISIPUSI:H s (i 2)

Islqz (i2)= Z lE)PU&ZH Cy (i2)+ Z SSRS,Cz (i2);

c,eCG2,co# ], c,eCG2

- otherwise,

FA)qz(i 2) = lE)PRACH 7ce2(i 2)

- I:A)qu (i2)= lsPUCCH 7cez(i 2)+ Z (lf)PUSCH ,c2 (i2)+ ~SRS,cz(i 2))
¢,cCG2

- if CG1lisSCG and CG2isMCG

- if the UE has a PUCCH transmission in subframe |2 of CG2 and/or a PUSCH transmission with UCI in
in subframe i2of servingcell j, e CG2

FA)qz(i 2) = lE)PRACH 7ce2(i 2) + FA)I PUCCH _CG2 (i 2) + IS' PUSCH, j, (i 2)
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- If\"qz (i2)= Z lsPU&?H o (2)+ Z 58?8,02 (i2)

C,eCG2,co# ], c,eCG2

PPUCCH _CG2 (i 2) =0

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

P  (i2) = .
CG2; PUSCH'JZ( ) OiftheUEdoesnothaveaPUSCHtransmis'sionwithUCIinsubframe i 2 of

CG2;

- otherwise

FA)qz(i 2) = lE)PRACH 7ce2(i 2)

PLi2=Y (F},USCH,OZ(izﬂ ;S,CZ(i2)j

¢,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe 11of CG1, the UE shall determine
0,

SO = oy (1112) - By (D~ Bl - min| | P 1212)- 252 - B,2)
P2 (i2)

where

- if the UE hasa PUCCH transmission in subframe i1of CG1 and/or a PUSCH transmission with UCI inin
subframe iLof serving cell j, € CGL P,3(i1) = Pogacyt 61 (11) + P'pucen cor (10) + Pougeyr ;. (iD),
where FA’PUCCH _c1(i2) = 0 if the UE does not have a PUCCH transmission in subframe i1of CGL,
Pouscr i, (I1) = Oif the UE does not have a PUSCH transmission with UCI in subframe i1of co1;
otherwise P, (11) = Proacyy 2 (i1)

- ifCGlisMCG and CG2is SCG

- if the UE has a PUCCH transmission in subframe |2 of CG2 and/or a PUSCH transmission with UCI in
in subframe i2of servingcell j, e CG2

FA)q3(i 2) = lE)PRACH 7cez(i 2) + lf)'PUCCH _CG2 (i 2) + lf)'PUSCH R (i 2)

|3'q3 (i 2) = Z ISPUSCH < (i 2) + Z IESSRs,cZ (i 2)

c,eCG2,co#], c,eCG2

ISPUCCH _CG2 (i 2) =0

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

cG2: Peusch iz (i2)=0
CG2,

if the UE does not have a PUSCH transmission with UCI in subframe i 2 of

- otherwise

I:A:‘qs (i 2) = ISPRACH _CG2 (i 2)

Poi2= 3 (P 12+ P, (2));

¢,eCG2

- ifCG1isSCG and CG2isMCG
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|3q3(i 2) = ISPRACH _cez(i 2) + IS' PUCCH _CG2 (i 2) + Z ISIPUSCH © (i 2)

¢,eCG2

P = 3 Pre. (i2)

¢,eCG2 )

If the total transmit power of all the PUSCH transmission(s) without UCI in subframe i1of CG1 would exceed
S3(i1) , the UE scales Pygqy 1 (11) for each serving cell ¢, € CG1 with aPUSCH transmission without

UCI in subframe i1 such that the condition ZW(il)- ISPUSCH,q(il) <max{0,S3(i1)} issatisfied, where
,cCG1

lE)IPUSCH,cl (D =w(iD)- lE)PUSCH,cl (i1, and where W(i1) isascaling factor of ISPUSCH’q(il) for serving cell
¢, where 0<w(i1) <1. Notethat W(i1) values are the same across serving cells within a cell group when
w(il) > Obut for certain serving cells within the cell group W(il) may be zero. If the total transmit power of
al the PUSCH transmission(s) without UCI in subframe 11of CG1 would not exceed S3(il),

ISIPUSCH,q (iD= ISPUSCH,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 CG2isSCG
ISPUCCH_CGl(il) isthe linear value of Phy,cpy(11) corresponding to PUCCH transmission on the primary

cell ; FA’F,UCCH_CGZ (i2) isthelinear value of Phsyccpy(12) corresponding to PUCCH transmission on the

PSCell.

Yee1 = Vmce

- if CG1lisSCG and CG2isMCG,;
ISPUCCH_CGl (i2) isthelinear value of Phyccpy (i) corresponding to PUCCH transmission on the PSCell;
Poucar ocp(12) isthelinear value of Payyee(i2) corresponding to PUCCH transmission on the primary

cel.

Veer = Vo
APUSCH,CL (i1) isthelinear value of Py gy, o (11) for subframe ilof serving cell of serving cell ¢, € CGL, and

I:A’PUSCHC2 (i2)isthelinear value of Pyygqy ., (i2) for subframe i2of serving cell of serving cell €, € CG2.

Yumce @d Yo aregiven by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;
- If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, FA’F,RACH caa(iD)isthe

linear value of the transmission power of that PRACH transmission; otherwise, Popacyy ooy (i1) = 0;
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- If the UE has aPRACH transmission for CG2 overlapping with subframe 2 of CG2, Pagaq, _ce2(i2)isthe
linear value of the transmission power of that PRACH transmission; otherwise, FA’PRACH e2(12)=0.

A

5@3’% (i2) isdetermined as follows

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

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

] 5%,%02) =0:

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

serving cell ¢, e CG2

A

- 59%3,02 (i2)= ISS?S,OZ (i2);

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe 2 of serving cell C,€ CG2

2 0,
Pyo . (12) = maxs 4 ) ~ )
e {PSRS,CZ (' 2) - PPUCCH _CG2 (' 2)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe 2 of serving cell C, € CG2

2 0,
Peeo (i=max{ ~ . _
e {PSRS,CZ (' 2) - PPUSCH C (' 2)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe
i2 of serving cell ¢, CG2

2 0,
P (| 2) =Maxs -~ ) . . . .
o {PSRS’CZ (12) = Pryser 2 (i2) = Foycen _cez(' 2)}

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

the SC-FDMA symbol in subframe i1 such that the condition ZV(i1)~ lf)SRS,cl (1) <S4
,cCG1

is satisfied, where IfS'SRSJ’cl (iD) =v(il)- ISSRS’q(il) is the transmission power of SRS after scaling and where
FA’SRS,cl (i1) isthelinear value of Pug, (i1) described in Subclause5.1.3.1, and V(i) isascaling factor of

ISSRS’q(il) for serving cell C, € CGl where 0< V(i) < 1. Note that V(i) values are the same across serving cells
within the same CG.
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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 ilina TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe 11for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(i1), the UE scales FA’SRSJ’C1 (i2) for the
servingcell C, € CGl and each of the overlapped SRS SC-FDMA symbolsin subframe i1 such that the condition
D V(i1) - P, (i1) < SA(12) issatisfied, where P'yg, (i1) = V(i1) - Pigg, (i1) isthe transmission power of

¢,eCG1
SRS after scaling, and where V(il) isascaling factor of FA’SRS\cl (i1 for serving cell ¢, where 0<Vv(il) <1. Note

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

SA(il) isdetermined as follows
0,
: | Mg 1109y, Yce2 _ B i
S4(|1) CMAX(ILIZ) 4(|2)—m|n PCMAX(I:LIZ)E_F)CM(IZ)
P (i2)

where

if CGlisMCG and CG2 is SCG

P.a(i2) = Pooacnt_c2(12) + Pl o2+ D Povee, (12)

¢,eCG2

Po(i2)= D Py, (i2)

¢,eCG2

- ifCG1isSCGand CG2isMCG

q4 (' 2) = Pogacy _CG2 (i2)+ PIPUCCH _CG2 (i2)+ Z P'PUSCH C (i2)+ Z P'SRSC2 (i2)

c,cCG2 c,CG2
- P, (i2)=0

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

P’ eucen _CG2 (i2) = 0; otherwise P’ eucen _CG2 (i2)=P PUCCH _CG2 (i2)

- if the UE has no PUSCH transmission in the last symbol of subframe 12 of servingcell C, € CG2,

IS PUSCH ¢, (i2)=0; OtherW'SEP PUSCH ,C, (i2)= P'PU&ZH ,cz (i2)

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

PPRACH cez(' 2) = Pogach cez('z) otherwise PPRACH cez(' 2)=0

For both cell groups
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if the PUCCH/PUSCH transmission of the UE on subframe i1 for agiven serving cell ina TAG of CG1
overlaps some portion of the first symbol of the PUSCH transmission on subframe 11+1 for a different serving

cell in another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe i2+1 fora
serving cell in another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the

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

if the PUSCH transmission of the UE on subframe 11 for agiven serving cell ina TAG of CG1 overlaps some
portion of the first symbol of the PUCCH transmission on subframe i1+1 for a different serving cell in another

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

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

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

in the same or another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe i2+1
for aserving cell of CG2, the UE shall drop the SRS in CGL1 if itstotal transmission power across al CGs

exceeds P, ONany overlapped portion of the symbol.

if the SRS transmission of the UE in a symbol on subframe 11 for agiven serving cell in CG1 overlaps with the
SRS transmission on subframe i1 for adifferent serving cell(s) in CG1 or overlaps with SRS transmission on
subframe 12 for aserving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe ilor subframe i1+1 for another serving cell(s) in CG1, and/or if the SRS
transmissions overlap with PUSCH/PUCCH transmission on subframe 12+ 1 for aserving cell of CG2, the UE
shall drop the SRS transmissionsin CGL1 if its total transmission power across all CGs exceeds Py, onany
overlapped portion of the symbol.

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

UE shall, when requested by higher layers, to transmit PRACH on subframe i1+1 in asecondary serving cell
in CG1 and/or to transmit PRACH on subframe 12+1 inaserving cell in CG2 in parallel with

PUSCH/PUCCH on subframe i1 in adifferent serving cell belonging to a different TAG of CG1, adjust the
transmission power of PUSCH/PUCCH in CGL1 so that the total transmission power of the UE across all CGs

does not exceed P, 0N the overlapped portion.

5.1.4.2 Dual connectivity power control Mode 2

If subframe i1 of CG1 overlapsin time with subframe i2—1 and subframe i2of CG2, and if the UE has
transmission(s) in subframe i1 of CG1,

P (i1) = min{ .

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

P, (i),
PCMAX (Il, 12— 1) - PPRACH7C61 (il) - Pclez (i 2- 1) - PWACH70G2 (i 2- 1)

Otherwise, the UE shall determine
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P.(i1)

» i1i CG2
P (iLi2—1) Yooz
CMAX( ) 100
ICMAX(i:I"i2 1) IPRACH_CGl(il) max Iclez(iz_l)"'PPRACH_cez(iz_l)a

PPRACHfCGZ (i 2)

PL. (i1) = min

where,

D) = Proco_corliD+ 3 (Pruan o (1) + Prs (11

- eCG1

FA’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 (1D = O, if the UE does not have a PUSCH transmission in serving cell C€ CGL.

A

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

A B _
PCG?(IZ_]') _Oifthe UE has no transmission of PUCCH, PUSCH, or SRS in subframe 12-1 of CG2;

. Year =Muce | gnd Yce2 = Ve if 0G1isMCG and CG2 is SCG:
. Yeer = Vs ang Yes2 = Yucs | if cG1is SCG and CG2isMCG;

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

- If the UE has aPRACH transmission for CG1 overlapping with subframe i1 of CG1, Pogacy car(iD)isthe

linear value of the transmission power of that PRACH transmission; otherwise, Pogacy cc1(11) = 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, Pogacy _ce2(i2) isthelinear value of the

transmission power of that PRACH transmission; otherwise, Pogacy cg2(12) =0.

- If the UE has a PRACH transmission for CG2 overlapping with subframe i2-1 of CG2,
Perach_ca2 (12—1) isthelinear value of the transmission power of that PRACH transmission; otherwise,

PRACH_CG2 (i 2- 1) =0.

D

- Pgs,(i1) isdetermined asfollows

- if the UE does not have an SRS transmission in subframe i1 of serving cell C€ CGlor if the UE dropsthe
SRS transmission in subframe i1 of serving cell C€ CG1 gue to collision with aPUCCH transmission in
subframe i1 of serving cell €€ CGL
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© Pre(iD)=0;

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

A

- ISSRs,c(il) = lsSRS,c(il);

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

2 0,
Prsc(i)=maxs o . = 4 .
e {PSRS,C(IJ-) — Poucen _CGl(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 C€ CGL

2 0,
Pgs o (i1) = max< . _ A _
5 {PSRS,C(IJ') — Pouscn ,c(ll)}

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

2. 01
P c(ll) = Maxy - . - . 2 .
e {PS?SC(IJ') - I:)PU$H C(Il) - PPUCCH _CGl(Il)}

where FA’SRSJYc (11) isthelinear value of Pgyg (1) described in Subclause 5.1.3.1.

If ISPUCCH_Cel(i) would exceed If’clel(i)  the UE scales Poyceyy _ceu(i) suchthat the condition

OA() - Poyeen_car(i) < Py (i) is satisfied where

- if CGlisMCG, ISPUCCH_CGl(i) isthe linear value of Poyccp (i) corresponding to PUCCH transmission on the

primary cell, in case there is no PUCCH transmission in subframei on the primary cell ISPUCCH_CGl(i) =0.

- if CGlisSCG, ISPUCCH_CGl(i) isthe linear value of Ppyccr (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframei on the PSCell IsPUCCH_CGl(i) =0. Poyscr.c(i)
isthe linear value of Ppyscy (i)

- 0<04(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 P, (i) the
UE scales Paygy (i) suchthat the condition or2(i) - Paygsy ; (i) < Pl (i) is satisfied where Pyoey, (i) isthe

linear value of the PUSCH transmit power for the cell with UCI, and 0< ar2(i) < lisascaling factor of FA’PUSCHJ i)
for servingcell je CGL1.
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If the total transmit power across all the serving cells of a cell group CG1 would exceed If’(:lGl(i) , the UE scales

Peuscr,c(i) for the serving cell ce CGL in subframei such that the condition

Zw(i)- FA’PUSCH,C(i) < (Isclel(i) - ISPUCCH_cel(i)) is satisfied; andw(i) isascaling factor of Ppyscy ¢ (i) for
=CG1

serving cell ¢ 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’chl(i) , the UE scales Ppygop (i) for the serving cells belonging to CG1 without UC in subframe i such

. . - . 1 . A . . TR
that the condition " W(i) - Py o (i) < (Pcel(l) — Poyscr (I)) is satisfied,
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 Ppygep (i) for
serving cell € without UCI. In this case, no power scaling is applied to ﬁPUSCH,j(i) unless

Zw(i) . FA’F,USCH (i) =0 and thetotal transmit power acrossall of the serving cells of the CG1 still would exceed
ceCGl,c#j

Rar(0).-
If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j € CG1 and PUSCH
transmission without UCI in any of the remaining serving cells belonging Eo CG1, and the total transmit power across
all the serving cells of the CG1 would exceed P2 (i), the UE obtains Peusch (1) according to
lE)PUSCH,j (') = min(lspuscH,j (i)’ (Isclel(i) - ISPUCCH_CGl(i))) and

ZW(i) ’ ISPUSCH,C(i) < (Isclel(i) - ISPUCCH_cel(i) - ISPUSCH,]' ('))

ceCGl, c#j

where

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

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

Note that w(i) values are the same across serving cells within a cell 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 Pigs ¢ (i) for the serving cell ce CGland
the SC-FDMA symbol in subframe i such that the condition

. hay . 21 .
D V(i) - Prs (i) < Rga(i)
eCG1
is satisfied where Pags (i) isthelinear value of Py (i) described in Subclause 5.1.3.1, and V(i) isascaling factor

of Psgscl(i) forserving cell 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 1inaTAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
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symbol in subframe | for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE for
the Sounding Reference Symbol in the overlapped portion would exceed PL., (i) , the UE scales I55RS’C(i) for the
serving cell ce CGL and each of the overlapped SRS SC-FDMA symbolsin subframe 1 such that the condition

D V(i) - Pagso (i) < Py i)

ceCGlL

is satisfied where Psgs (i) isthelinear value of Py (i) described in Subclause 5.1.3.1, and V(i) isascaling factor

of Psgscl(i) forserving cell 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 | for agiven serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUSCH

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

A

transmission power of CG1 to not exceed F’ClG1 on any overlapped portion.

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

transmission on subframe 1 +1 for adifferent serving cell in another TAG of CG1 the UE shall adjust its total

transmission power of CGL1 to not exceed PclGl on any overlapped portion.

A

- if the UE is configured with multiple TAGs within CGL1, and if the SRS transmission of the UE in a symbol on
subframe | for agiven serving cell in a TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

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

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

CG1 if thetotal transmission power of CG1 exceeds FA’ClGl on any overlapped portion of the symbal.
- 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 a different serving cell belonging to adifferent TAG of CG1, drop SRSin CGL1 if the total

transmission power of CG1 exceeds IséGl 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 a secondary serving cell in CG1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to a different TAG in CGL, adjust the transmission power of PUSCH/PUCCH in CGL1 so that its total

transmission power of CG1 does not exceed FA’ClGl on the overlapped portion.
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Table 5.1.4.2-1: ¥,,cc (Or Y4 ) values for determining power allocation for dual connectivity

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

5.15 Power allocation for PUCCH-SCell

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

- theterm'MCG'isreplaced by 'primary PUCCH group';
- theterm 'SCG' isreplaced by 'secondary PUCCH group';

- i1=i2=i and Py (i2,i2) = Pyyuy (i) isthe linear value of the UE total configured maximum output

power Pryax defined in [6] in subframei; and
-~ Yvce = Ysce =0.

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

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

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

The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power
given by the parameter 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.

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

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

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

For 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
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multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission
scheme, or for a UE in transmission modes 2-4 and configured with higher layer parameter must-Config-r14 the UE
may assume that for QPSK,

- p, isequa toO, + P, +10l0g,,(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];

power-offset

- pa i5€qual 100y e.giisn T Pa [0B] Otherwise

where 5pw,er_oﬁset is0 dB for al PDSCH transmission schemes except multi-user MIMO as described in Subclause 7.1.5

and where P, isa UE specific parameter provided by higher layers. If the UE is configured with higher layer parameter

must-Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH
DCI of the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher

layer parameter p-a-must-r14 for determining P, .

For a UE configured with higher layers parameter servCellp-a-r12, 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,

- pp isequd to PA( +10- IOg10 (2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

- pa isequal to P [dB] otherwise

and where P; is given by the parameter servCellp-a-r12. If the UE is also configured with higher layer parameter must-

Config-r14, and if the UE is configured with higher layer parameter p-a-must-ri4, and if the PDCCH/EPDCCH DCI of
the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher layer

parameter p-a-must-r14 for determining P,; .
For acell supporting SC-PTM, the UE may assume that for the PDSCH scrambled by G-RNTI,

- pa isequa to P;+10-10g,,(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 isequalto P} [dB] otherwise

where P,: is configured per SC-MTCH and is given by higher layer parameter p-a-r13. If P,: is not configured, the
UE may assumethat P, =0 [dB].

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

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

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RSis 0 dB for number of transmission layers less than or 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 all OFDM symbols that contain positioning reference signals in a given positioning reference
signal occasion [10].
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For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE
of CSI-RSis constant across the downlink system bandwidth and constant across all subframes with discovery signal

transmissions for each CSI-RS resource.

If aserving cell is not configured for aUE asa LAA Scell, and if CSI-RSis configured in the serving cell then the UE
shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all
subframes for each CSI-RS resource.

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

The cell-specific ratio pg/ p, isgiven by Table 5.2-1 according to cell-specific parameter P; signalled by higher
layers and the number of configured eNodeB cell specific antenna ports. P isgiven by higher layer parameter p-b-r13
for PDSCH scrambled by G-RNTI and by higher layer parameter p-b otherwise. In case PDSCH is scrambled by G-
RNTI, if P isnot configured, the UE may assumethat pg / p, =1.

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 ratio of the corresponding PDSCH EPRE to
ant(;errgga the cell-specific RS EPRE is denoted by pa the cell-specific RS EPRE is denoted by pg
P Normal cyclic prefix | Extended cyclic prefix | Normal cyclic prefix | Extended cyclic prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,356 2,4,5 0,14 0,1,3

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

OFDM symbol indices within a slot where the 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 Normal cvclic prefix Extended cyclic Normal cvclic prefix Extended cyclic
ports y P prefix y P prefix
ngmod2 | ngmod2 | nymod2 | nygmod2 | Nnymod2 | Nnymod2 | Nngmod2 | ngmod 2
=0 =1 =0 =1 =0 =1 =0 =1
1,2,3,4,]1 0,1,2,3, | 1,2,3,4,| 0,1,23,
One or two 5 6 45,6 5 45 0 - 0 -
2,3,4,5 | 0,1,2,3, 0,1,2,3,
Four 6 4.5 6 2,4,3,5 45 0,1 - 0,1 -
521 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP (N ) isdefined as follows:
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. Ex(Nogg)
0 if 2P <RNTP, oo

E(P)
RNTP(Nogs) = - E ()
1 if nopromiseabouttheupperlimitofﬁismade

where E,(Npeg) 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 Npeg =0,...,Nge —1; RNTP, ., takeson one of the following values
RNTR, eoia € {—0,-11,-10,-9,-8-7,-6,-5-4,-3,~2,~1,0,+1+2,+3}[dB] and

1

p(P) il

E(® A
max_nom NDL ] NRB
RB C

where Pnggi is the base station maximum output power described in[7], and Af , NE,E'; and NSRCB are defined in [3].
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6 Random access procedure

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

- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells, 'serving cell’, 'serving
cells 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 ( Ng), and set type (unrestricted or restricted set))

6.1 Physical non-synchronized random access procedure

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

A UE isnot expected to be configured with PRACH ona LAA SCell.
The following steps are required for the L1 random access procedure;
- Layer 1 procedureistriggered upon request of a preamble transmission by higher layers.

- A preambleindex, 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.

- For aBL/CE UE, anumber of PRACH repetitions for preamble transmission attempt is also indicated by higher
layers as part of the request. For anon-BL/CE UE or for a BL/CE UE with the PRACH coverage enhancement
level 0/1/2, a preamble transmission power PeracH iS determined as
Peract = Min{ Poyax ¢ (i)  PREAMBLE_RECEIVED_TARGET_POWER + PL; }_[dBm], where

Pemax (i) isthe configured UE transmit power defined in [6] for subframei of servingcell ¢ and PL is

the downlink path loss estimate calculated in the UE for serving cell c. For aBL/CE UE, PeracH iS Set to
Pemax ¢ (i) for the highest PRACH coverage enhancement level 3.

- 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 Ppracr ON the
indicated PRACH resource. For a BL/CE UE, the single preamble is transmitted for the number of PRACH
repetitions for the associated PRACH coverage enhancement level asindicated by higher layers.

- For non-BL/CE UEs, 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.

- For BL/CE UEs, detection of a MPDCCH with DCI scrambled by 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 Nr-bit uplink grant to the
physical layer, which is processed according to Subclause 6.2.
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6.1.1 Timing

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

a)

b)

©)

If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport
block contains a response to the transmitted preambl e 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 zero where n+k; 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 thefield isset to 1.

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

If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4, except if the transmitted preamble sequenceison a TDD serving cell not
configured for PUSCH/PUCCH transmission.

For the L1 random access procedure, a BL/CE UE's uplink transmission after arandom access preambl e transmission is
asfollows.

a)

b)

c)

If aMPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception
ending in subframe n contains a response to the transmitted preambl e 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 theUL
delay field in Subclause 6.2 is set to zero where the subframe n+k, isthe first 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.

When the number of Msg3 PUSCH repetitions, A, asindicated in the random access response, is greater than
1, the subframe n+k; isthefirst available UL subframe in the set of BL/CE UL subframes. The UE shall
postpone the PUSCH transmission to the next available UL subframe after n+k, + A, if the UL delay field is
setto 1.

When the number of Msg3 PUSCH repetitions, A , asindicated in the random access response, is equal to 1, the
subframe n+k,; isthefirst available UL subframe for PUSCH transmission determined by k, = 6for FDD
and the parameter subframeAssignment for TDD. The UE shall postpone the PUSCH transmission to the next
available UL subframe after n+k, + A, if the UL delay field isset to 1.

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

If the most recent PRACH coverage enhancement level for the UEisOor 1,

- 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.

If the most recent PRACH coverage enhancement level for the UE is2 or 3,

- if no MPDCCH scheduling 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;

- if an MPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block
reception ending in subframe n cannot be successfully decoded, the UE shall, if requested by higher layers,
be ready to transmit a new preamble sequence no later than in subframe n+4.
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In case arandom access procedure isinitiated by a"PDCCH order” in subframe n for non-BL/CE UEs, or "PDCCH
order” reception ending in subframe n for BL/CE UEs, the UE shall, if requested by higher layers, transmit random
access preamblein the first subframe n+k,, k, =6, wherea PRACH resourceis 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 Nr-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.

If BL/CE UE then

- If the most recent PRACH coverage enhancement level for the UE is O or 1, the contents of the Random Access
Response Grant are interpreted according to CEModeA.

- If the most recent PRACH coverage enhancement level for the UE is 2 or 3, the contents of the Random Access
Response Grant are interpreted according to CEModeB.

- The content of these Nr bits starting with the MSB and ending with the LSB are givenin Table 6-2 for
CEmodeA and CEmodeB:

- where Nyg = LN;;/GJ and N;\Tgelerlogz(NNB)—‘

Table 6-2: Random Access Response Grant Content field size

DCI contents CEmodeA CEmodeB
Msg3 PUSCH N index >
narrowband index NB
Msg3 PUSCH Resource

. 4 3
allocation
Number of Repetitions for 5 3
Msg3 PUSCH
MCS 3 0
TBS 0 2
TPC 3 0
CSl request 1 0
UL delay 1 0
Msg3/4 MPDCCH

. 2 2
narrowband index
Zero padding 4- N 0
Total Nr-bits 20 12

- For CEmodeB, the Msg3 PUSCH narrowband index indicates the narrowband to be used for first subframe of
Msg3 PUSCH transmission as given in Table 6.2-A.

- NBgag givenin Table 6.2-A and Table 6.2-B is the narrow band used for first subframe of MPDCCH for

Random Access Response and is determined by higher layer parameter mpdcch-NarrowbandsToMonitor-r13 if
only one narrowband is configured, otherwise, it is determined by Table 6-2-E.
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The Msg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH
configured by Temporary C-RNTI and/or C-RNTI during random access procedure as given in Table 6.2-B. The
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Table 6.2-A: Msg3 PUSCH Narrowband Value for CEmodeB.

Value of 'Msg3 narrowband index'[Msg3 PUSCH Narrowband
'00' NBgagrMod Nyg
01’ (NBgag +1) mod Ny
"10' (NBgag +2) mod Ny
11 (NBgag +3) mod Ny

number of downlink narrowbandsis givenby N,g, = LNF?BL / GJ :

Table 6.2-B: Msg3/4 MPDCCH Narrowband Value for CEmodeA and CEmodeB.

\Value of 'Msg3/4 MPDCCH narrowband index'|Msg3/4 MPDCCH Narrowband

‘00’ NBgxmod N,

oL’ (NBgar +1) mod N,
10 (NBgag +2) mod Nz,
11 (NBgag +3) mod Ny,

The repetition number field in the random access response grant configured by higher layers indicates the
repetition level for the initial transmission of Msg3 PUSCH as given in Table 6.2-C for CEmodeA and Table

6.2-D for CEmodeB, where

- Ya isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeA-ri3 if it is signaled,

otherwise Ya =8,

- Ys isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeB-ri3 if it is signaled,

otherwise Ys =512.

Table 6.2-C: Msg3 PUSCH Repetition Level Value for CEmodeA.

Value of 'Repetition number' | Msg3 PUSCH Repetition level
'00’ Ya/8
'01' Yal 4
'10' Yal 2
‘11 Ya
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Table 6.2-D: Msg3 PUSCH Repetition Level Value for CEmodeB.

Value of 'Repetition number' | Msg3 PUSCH Repetition level

000 Y, /128]

‘001" Ys /64

‘010’ Ys/32

'011' Ys /16

100" Ye/8

'101' Ys/4

'110' Ys/2

‘111 Ys

Table 6.2-E: Narrowband ( NBgag ) for MPDCCH RAR.

Mapped Preamble Index NBgrar
First narrowband configured by
mod( Preamble Index, 2 )=0 high layer parameter mpdcch-

NarrowbandsToMonitor-r13
Second narrowband configured by,
mod( Preamble Index, 2 )=1 high layer parameter mpdcch-
NarrowbandsToMonitor-r13

- Theresource adlocation field isinterpreted as follows:

- For CEmodeA, insert one most significant bit with value set to '0', and interpret the expanded resource
alocation using UL resource allocation type 0 within the indicated narrowband.

- For CEmodeB, interpret the resource allocation using UL resource allocation type 2 within the indicated
narrowband.

- Thetruncated modulation and coding scheme field isinterpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 7 for
CEmodeA in Table 8.6.1-1

The truncated TBSfield isinterpreted such that the TBS value corresponding to the Random Access Response grant is
determined from TBS indices 0 through 3 for CEmodeB in Table 7.1.7.2.1-1

else,

- Nr=20, and 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

If aUE is configured with a higher layer parameter pusch-EnhancementsConfig, then
- Repetition number of Msg3 — 3 hits

else
- TPC command for scheduled PUSCH — 3 bits

- UL delay — 1 bit

- CSl request — 1 bit

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

ETSI



3GPP TS 36.213 version 14.7.0 Release 14 55 ETSI TS 136 213 V14.7.0 (2018-10)

end if

The UE shall perform PUSCH freguency hopping if the single bit frequency hopping (FH) fieldina
corresponding Random Access Response Grant is set as 1 and the uplink resource block assignment istype O,
otherwise no PUSCH frequency hopping is performed. When the hopping flag is set, the UE shall perform
PUSCH hopping as indicated viathe fixed size resource block assignment detailed below.

The fixed size resource block assignment field is interpreted as follows:
if Ng5 <44
- Truncate the fixed size resource block assignment to its b least significant bits, where

b= ’_I og, (N ER (N oS +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules
for aregular DCI format O

else

- Insert b most significant bits with value set to '0" after the Nuc_nop hopping bitsin the fixed size resource block
assignment, where the number of hopping bits Nuc_nep IS zero when the hopping flag bitisnot set to 1, and is

defined in Table 8.4-1 when the hopping flag bitissetto 1, and b= Ulog2 (N 2 (N RS +1)/ 2)-‘ —10) , and
interpret the expanded resource block assignment according to the rules for aregular DCI format O
end if

The truncated modulation and coding scheme field isinterpreted 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 Omsg2 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 § for Scheduled PUSCH

msg 2

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, RI, and CRI report isincluded in the corresponding PUSCH transmission according to Subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay applies for TDD, FDD and FDD-TDD and thisfield 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.
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- 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 refers to the
PSCell of the SCG. The terms 'subframe’ and 'subframes' refer to subframe or subframes belonging to SCG

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

For FDD,

- if the UE supports ce-pdsch-tenProcesses and is configured with CEModeA and higher layer parameter ce-
pdsch-tenProcesses-config set to 'On' there shall be a maximum of 10 downlink HARQ processes per serving
cell;

- otherwise, there shall be a maximum of 8 downlink HARQ processes per serving cell.

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

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is 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 refersto the DL-reference UL/DL configuration for the
serving cell (as defined in Subclause 10.2).

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.

A BL/CE UE configured with CEModeB is not expected to support more than 2 downlink HARQ processes.

For TDD and a BL/CE configured with CEModeA, the maximum number of downlink HARQ processes for a serving
cell shall be determined asindicated in Table 7-3.

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

AR |WIN|FL|O
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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

Table 7-3: Maximum number of DL HARQ processes for TDD
(UE configured with CEModeA)

TDD UL/DL configuration | Maximum number of HARQ processes
6
9
12
11
14
16
8

O |WIN|FL|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-
SubframeConfigList-v1250 or by mbsfn-SubframeConfigList-v14xy or by laa-SCell SubframeConfig of serving cell ¢, a
UE shall

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

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

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

For BL/CE UEs, the higher layersindicate the set of BL/CE DL subframes according to fdd-
DownlinkOr TddSubframeBitmapBR [11].

A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A, 6-1B, 6-2 intended for the UE, decode the
corresponding PDSCH in one more BL/CE DL subframes as described in Subclause 7.1.11, with the restriction of the
number of transport blocks defined in the higher layers.

For the purpose of decoding PDSCH containing Systemlnfor mationBlockType2, a BL/CE UE shall assume that
subframes in which Systeml nformationBlockType2 is scheduled are non-MBSFN subframes.

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

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

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

A UE configured with the carrier indicator field for a given serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in Subclause 9.1. Otherwise,
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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.

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.

A UE operating in an MBM S-dedicated carrier may be configured with two SI-RNTI values, in which case the UE shall
apply the procedure described in this clause for each of the SI-RNTIs.

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).

For BL/CE UE, for PDSCH carrying Systeml nformationBlockTypel-BR and Sl-messages, the UE shall decode PDSCH
according to Table 7.1-1A. The scrambling initialization of PDSCH is by SI-RNTI.

Table 7.1-1A: PDSCH configured by SI-RNTI

Transmission scheme of PDSCH
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 PDCCHs is by P-RNTI.

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

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

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

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

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

Table 7.1-2A: MPDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-2 Typel- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

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

Table 7.1-3A: MPDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-1A or 6-1B Type2- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

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

Table 7.1-4: PDCCH and PDSCH configured by G-RNTI or SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 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 layers to decode PDCCH with CRC scrambled by the SC-N-RNTI, the UE shall decode
the PDCCH according to the combination defined in table 7.1-4A.

Table 7.1-4A: PDCCH configured by SC-N-RNTI

DCI format Search
Space
DCI format 1C Common

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the SC-RNTI, the UE shall decode
the MPDCCH according to the combination defined in table 7.1-4B.

Table 7.1-4B: MPDCCH and PDSCH configured by SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-2 TypelA- | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
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If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the G-RNTI, the UE shall decode
the MPDCCH according to the combination defined in table 7.1-4C.

Table 7.1-4C: MPDCCH and PDSCH configured by G-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
_ | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Type2A : > 15 DTS,
6-1A or 6-1B common | 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 aBL/CE UE, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions
signalled viaMPDCCH according to one of the transmission modes. mode 1, mode 2, mode 6, and mode 9.

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

For frame structure type 1,

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

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

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

The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collidesin frequency with atransmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframes and that capability isindicated by pdsch-CollisionHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP is equal 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 overlapsin frequency with a transmission of
PBCH in the same subframe;

anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11,
12, 13 or 14 in the two PRBsto which a pair of VRBs is mapped if either one of the two PRBs overlapsin
frequency with atransmission of primary or secondary synchronization signalsin 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 special subframe with configuration #1 or #6;

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

with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5in DWPTS when the UE is configured with special subframe configuration 9 or 10.

The UE may skip decoding the transport block(s) if it does not receive al assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collidesin frequency with atransmission of PBCH or primary synchronization signal or secondary
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synchronization signal in the same subframe and that capability isindicated by pdsch-CollisionHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

- If the UEis not configured for PUSCH/PUCCH transmission for at least one TDD serving cell, the UE is not
expected to receive PDSCH on serving cell ¢, if the PDSCH overlapsin time with SRS transmission

(including any interruption due to uplink or downlink RF retuning time [10]) on TDD serving cell ¢, not

configured for PUSCH/PUCCH transmission, and if the UE is not capable of simultaneous reception and
transmission on serving cell ¢, and serving cell c,.

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 layers to 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 aBL/CE UE is configured by higher layersto decode MPDCCH with CRC scrambled by the C-RNTI except for
random access procedure, the UE shall decode the MPDCCH and any corresponding PDSCH according to the
respective combinations defined in Table 7.1-5B. The scrambling initialization of PDSCH corresponding to these
MPDCCHSsishy C-RNTI.

If aUE is configured with CEModeA, the UE shall decode MPDCCH DCI Format 6-1A. If the UE is configured with
CEModeB, the UE shall decode MPDCCH DCI Formeat 6-1B.

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 a DCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

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

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

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v1250 or by mbsfn-SubframeConfigList-v14xy
or by laa-SCellSubframeConfig of serving cell ¢ except in subframes for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion 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.

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

layers for UE-specific reference signal generation as defined in Subclause 6.10.3.1 of [3] to decode PDSCH according
to 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 DCI format Search Space Transmission scheme of PDSCH
mode P corresponding to PDCCH
Mode 1 DCI format 1A Scén;?;c?ﬁ{:‘;ngy C-RNTI Single-antenna port, port 0 (see Subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see Subclause 7.1.1)
DCI format 1A Comm"'? _and Transmit diversity (see Subclause 7.1.2)
Mode 2 UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1A Sgn;?:gfingy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 3 DCI f t2A | UE ific by C-RNTI Large delay CDD (see Subclause 7.1.3) or Transmit
orma spectlic by &- diversity (see Subclause 7.1.2)
Common and - .
Mode 4 DCI format 1A UE specific by C-RNTI '(I':rlans:llt dlverS|t3/ (IseeItS.ulbcl.aus(e 7.1.82)b I
- osed-loop spatial multiplexing (see Subclause
DCI format 2 UE specific by C-RNTI 7.1.4)or Transmit diversity (see Subclause 7.1.2)
Mode 5 DCI format 1A Sgn;?:gfingy 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)
DCI format 1A Sgrs";:c?ﬁ?: ”gy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 6 Closed fial multiplexi Subclause 7.1.4
DCl format 1B | UE specific by C-RNTI 0sea-loop spatial multiplexing (see Subclause 7.1.4)
using a single transmission layer
Common and If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A UE specific by C-RNTI antenna port, port_O is usgd (see Subclause 7.1.1),
otherwise Transmit diversity (see Subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DCI format 1A UE specific by C- antenna port, port 0 is used (see Subclause 7.1.1),
pecific by C-RNTI ; o .
Mode 8 otherwise Transm_lt d_|verS|ty (see Subclause 7.1.2)
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)
e Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
Common and UE specific by used (see Subclause 7.1.1), otherwise Transmit
DCl format 1A C-RNTI diversity (see Subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) or
Mode 9 dual layer transmission port 7-8 (see Subclause
7.1.5A), if UE is configured with higher layer parameter
semiOpenLoop, up to 8 layer transmission, ports 7-14
DCI format 2C | UE specific by C-RNTI (see Subclause 7.1.5B) otherwise; or single-antenna
port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is
configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1)
otherwise
. 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 u_sed (_see Subclause 7.1.1), otherwise Transmit
C-RNTI diversity (see Subclause 7.1.2)
e  MBSFN subframe: Single-antenna port, port 7
(see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) or
Mode 10 dual layer transmission port 7-8 (see Subclause
7.1.5A), if UE is configured with higher layer parameter
semiOpenLoop, up to 8 layer transmission, ports 7-14
DCl format 2D | UE specific by C-RNTI (see Subclause 7.1.5B) otherwise; or single-antenna
port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is
configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1)
otherwise
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search . .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A tijCSpF?,fg_llc Single-antenna port, port O (see Subclause 7.1.1)
Mode 1 =
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
DCI format 1A UE specific Transmit diversity (see Subclause 7.1.2)
Mode 2 ByEC'RN.-][I
specific . .
DCI format 1 by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1A tijCSpF?,fg_llc Transmit diversity (see Subclause 7.1.2)
Mode 3 DCI 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 gfé'i:ﬁ'.lf_'f 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 tijCSpF?,fg_llc Transmit diversity (see Subclause 7.1.2)
Mode 5 =
UE specific .
DCI format 1D by C-RNTI Multi-user MIMO (see Subclause 7.1.5)
DCI format 1A tJECs'geﬁ.lf_'f Transmit diversity (see Subclause 7.1.2)
Mode 6 Y - - —— - -
UE specific Closed-loop spatial multiplexing (see Subclause 7.1.4) using a single
DCI format 1B e
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DClI format 1A b 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 used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause
by C-RNTI
Mode 8 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see Subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see Subclause 7.1.1)
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see Subclause 7.1.2)
e MBSFN subframe: Single-antenna port, port 7 (see Subclause 7.1.1)
Mode 9 Transmit diversity, port 7-8, (see Subclause 7.1.2) or dual layer transmission
port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer
DCI format 2C UE specific parameter semiOpenLoop, up to 8 layer transmission, ports 7-14 (see
by C-RNTI Subclause 7.1.5B) otherwise; or single-antenna port, port 7, 8, 11, or 13 (see
Subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see Subclause 7.1.2)
e MBSFN subframe: Single-antenna port, port 7 (see Subclause 7.1.1)
Mode 10 Transmit diversity, port 7-8, (see Subclause 7.1.2) or dual layer transmission
port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer
DCI format 2D UE specific parameter semiOpenLoop, up to 8 layer transmission, ports 7-14 (see
by C-RNTI Subclause 7.1.5B) otherwise; or single-antenna port, port 7, 8, 11, or 13 (see

Subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise
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Table 7.1-5B: MPDCCH and PDSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH corresponding to
mode P MPDCCH
6-1A Type0-Common
Mode 1 Single-antenna port, port 0 (see Subclause 7.1.1)
6-1A or 6-1B | UE specific by C-RNTI
6-1A TypeO-Common
Mode 2 Transmit diversity (see Subclause 7.1.2)
6-1A or 6-1B | UE specific by C-RNTI
6-1A TypeO-Common Transmit diversity (see Subclause 7.1.2)
Mode 6 Closed-I tial multiplexi Subcl 7.1.4) usi
6-1A UE specific by C-RNTI losed-loop spatial multiplexing (see Subclause 7.1.4) using a
single transmission layer
If the number of PBCH antenna ports is one, Single-antenna
6-1A Type0-Common port, port 0 is used (see Subclause 7.1.1), otherwise Transmit
diversity (see Subclause 7.1.2)
6-1A UE specific by C-RNTI Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
Mode 9
6-1B UE specific by C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)

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

If aUE is configured by higher layersto decode EPDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration appliesin the case that aPDSCH 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.

If a UE configured with CEModeA is configured by higher layers to decode MPDCCH with CRC scrambled by the SPS
C-RNTI, the UE shall decode the MPDCCH on the primary cell and any corresponding PDSCH on the primary cell
according to the respective combinations defined in Table 7.1-6B. The same PDSCH related configuration appliesin
the case that a PDSCH is transmitted without a corresponding MPDCCH. The scrambling initialization of PDSCH
corresponding to these MPDCCHs and PDSCH without a corresponding MPDCCH 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 PDCCHS/EPDCCHSs 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-v1250 or by mbsfn-SubframeConfigList-v14xy
of serving cell ¢ except in subframes for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion 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.
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A UE configured in transmission mode 10 can be configured with scrambling identities, n2?S', 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 DCI format Search Space Transmission scheme of PDSCH corresponding to
mode P PDCCH
Mode 1 DCI format 1A Sggr:;c?ﬁingy 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)
Common and - .
Mode 2 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1 UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 2A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 4 ° * Transmit diversit Subclause 7.1.2
DCI format 2 UE specific by C-RNTI ransmit diversity (see Subclause 7.1.2)
Mode 5 DCI format 1A Sggr;;c?ﬁingy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 6 DCI format 1A ngg]eocri]ﬁ?:ngy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 7 DCI format 1A S(I;n;[;eocrilﬁzci:ngy 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)
Mode 8 DCI format 1A ngg]eocri]ﬁ?:ngy 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)
DCI format 1A Sgrgrgggﬁingy C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
Mode 9 configured with higher layer parameter semiOpenLoop, or
. . single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if
DCI format 2C UE specific by C-RNTI UE is configured with higher layer parameter dmrs-tableAl,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
DCI format 1A S(I;n;[;eocrilﬁzci:ngy C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
Mode 10 configured with higher layer parameter semiOpenLoop, or
- : single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if
DCI format 2D UE specific by C-RNTI UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCIl format | Search Space EPDCCH
DCI format 1A (L;EER?\IpTe]uflc by Single-antenna port, port 0 (see Subclause 7.1.1)
Mode 1 —
DCI format 1 g[ER?\lpTeICIfIC by Single-antenna port, port O (see Subclause 7.1.1)
DCI format 1A g_ER?\lp.ﬁcmc by Transmit diversity (see Subclause 7.1.2)
Mode 2 UE specific b
DCI format 1 C-RNpTI Y Transmit diversity (see Subclause 7.1.2)
DCI format 1A (L;EER?\IpTe]uflc by Transmit diversity (see Subclause 7.1.2)
Mode 3 —
DCI format 2A (L;_ER?\IpTeICIflc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A g_ER?\lp.ﬁcmc by Transmit diversity (see Subclause 7.1.2)
Mode 4 UE specific b
DCI format 2 C-RNpTI Y Transmit diversity (see Subclause 7.1.2)
Mode 5 DCI format 1A (L;EER?\IpTe]uflc by Transmit diversity (see Subclause 7.1.2)
Mode 6 DCI format 1A (L;_ER?\IpTeICIflc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A gFR?\lp.ﬁc'f'c by Single-antenna port, port 5 (see Subclause 7.1.1)
Mode 7 —
DCI format 1 gFR?\lpﬁcmc by Single-antenna port, port 5 (see Subclause 7.1.1)
DCI format 1A (L;_ER?\IpTeICIflc by Single-antenna port, port 7(see Subclause 7.1.1)
Mode 8 —
DCI format 2B g[ER?\lpTeICIfIC by Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
DCI format 1A gEER?\Ip_ﬁuflc by Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is configured
Mode 9 UE specific b with higher layer parameter semiOpenLoop, or single-antenna port,
DCI format 2C C-RNpTI y port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is configured with
higher layer parameter dmrs-tableAlt, Single-antenna port, port 7 or 8,
(see Subclause 7.1.1) otherwise
DCI format 1A (L;_ER?\IpTeICIflc by Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is configured
Mode 10 UE specific b with higher layer parameter semiOpenLoop, or single-antenna port,
DCI format 2D C-RNpTI Y port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is configured with
higher layer parameter dmrs-tableAlt, Single-antenna port, port 7 or 8,
(see Subclause 7.1.1) otherwise

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

Trannirgésésion fo?r(rilat Search Space Transmission scheml\eﬂglfgzléiCH corresponding to
Mode 1 6-1A UE specific by C-RNTI | Single-antenna port, port O (see Subclause 7.1.1)
Mode 2 6-1A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 6 6-1A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 9 6-1A UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
NOTE: For BL/CE UEs configured with transmission mode 6, and for DCI 6-1A mapped onto the UE specific

search space and with CRC scrambled by the SPS C-RNTI, the bits corresponding to TPMI information
for precoding and PMI information for precoding are set to zero.

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
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corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHs is by Temporary C-RNTI.

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode MPDCCH with CRC scrambled by the C-RNTI during random access procedure, the UE shall
decode the MPDCCH and the corresponding PDSCH according to the combination defined in Table 7.1-8. The
scrambling initialization of PDSCH corresponding to these MPDCCHs is by Temporary C-RNTI.

If aUE isaso configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI during random
access procedure, the UE shall decode the MPDCCH and the corresponding PDSCH according to the combination
defined in Table 7.1-8. The scrambling initialization of PDSCH corresponding to these MPDCCHsis by 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 Common _and If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
1A UE specific Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
by Temporary C-RNTI Tl -
DCI format 1 UE specific If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
by Temporary C-RNTI | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

Table 7.1-8: MPDCCH and PDSCH configured by Temporary C-RNTI and/or C-RNTI during random
access procedure

DCI format Search Space Transmission scheme of PDSCH corresponding to MPDCCH

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)

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 6-1A | Type2-Common

DCI format 6-1B | Type2-Common

If the UE is configured with higher layer parameter must-Config-ri4, and if the PDCCH/EPDCCH DCI of the
corresponding PDSCH transmission indicates MUST interference is present [4],

- the UE may assume that the starting OFDM symbol of MUST interference is same as the starting OFDM symbol
of the corresponding PDSCH transmission,

- for transmission modes 8-10, the UE may assume Ngy g , n,(BSC'D) of MUST interference are same as that of the
corresponding PDSCH transmission.

A UE isnot required to receive PDSCH assigned by MPDCCH with DCI CRC scrambled by SC-RNTI or G-RNTI if

the set of subframes carrying the PDSCH includes any subframes in which the UE monitors Typel-MPDCCH common
search space or PDSCH assigned by MPDCCH sent in Typel-MPDCCH common search space.

A UE isnot required to receive PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI if the set of
subframes carrying the PDSCH includes any subframes in which the UE monitors TypelA-MPDCCH common search
space, or includes any subframes in which the UE receives PDSCH assigned by MPDCCH with DCI CRC scrambled
by SC-RNTI.

The transmission schemes of the PDSCH are described in the following sub-Subclauses.
7.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to Subclause 6.3.4.1 of [3].

If the UE is not configured with higher layer parameter dmrs-tableAlt and in case an antennaport pe{7,8 isused, or
if the higher layer parameter dmrs-tableAlt is set to 1 and in case an antennaport pe{7,8} corresponding to one

codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used, the UE cannot assume that the other antenna port in the set
{7,8 isnot associated with transmission of PDSCH to another UE.
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If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on
antennaport pe{7,81113 corresponding to one codeword values 4-11 in Table 5.3.3.1.5C-2 [4] is used, the UE

cannot assume that the other antenna portsinthe set {7,8,11,13 isnot associated with transmission of PDSCH to
another UE.

7.1.2  Transmit diversity scheme

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

7.1.3 Large delay CDD scheme

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

7.1.4  Closed-loop spatial multiplexing scheme

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

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to Subclause 6.3.4.2.1 of [3]. The 5power_0ffset dB value
signalled on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field isgivenin Table 7.1.5-1.

wer-offset value.

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

Downlink power offset field 5pmNer_0ffset [dB]

0 -10log10(2)
1 0

7.1.5A Dual layer scheme

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

7.1.5B Up to 8 layer transmission scheme

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

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

cannot assume that the other antenna portsinthe set {7,8,11,13 isnot associated with transmission of PDSCH to
another UE.

7.1.6 Resource allocation

The UE shall interpret the resource alocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource alocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

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

If the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag is set to O

-  MPDCCH with DCI format 6-1A utilizes atype O resource allocation.

else if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the
resource block assignment flag is set to 1, or the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-
config with value 5 MHz, or mpdcch-PDSCH-MaxBandwidth-SC-MTCH is set to 24 PRBS,

For system bandwidth larger than 1.4 MHz,
MPDCCH with DCI format 6-1A utilizes same type 2 resource allocation within each allocated narrowband.
otherwise,
MPDCCH with DCI format 6-1A utilizes atype 2 resource allocation.
otherwise
- MPDCCH with DCI format 6-1A utilizes atype 2 resource allocation.

Resource allocation for MPDCCH with DCI format 6-1B is given by the Resource block assignment field as described
in [4]. For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and
CEModeB, the allocated widebands (WBS) are based on the wideband combination index according to Table 7.1.6-2.

MPDCCH with DCI format 6-2 assigns a set of six contiguously allocated localized virtual resource blocks within a
narrowband. Localized virtual resource blocks are always used in case of MPDCCH with DCI format 6-1A, 6-1B, or 6-
2.

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 transmissionModeL.ist-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 pairs in the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
PRB pairs of the resource alocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding appliesto al PRB pairs within a set.

For aBL/CE UE, the resource alocation for PDSCH carrying Systeml nformationBlockTypel-BR and SI messagesisa
set of six contiguously allocated localized virtual resource blocks within a narrowband. The number of repetitions for
the PDSCH carrying Systeml nformationBlockTypel-BR is determined based on the parameter schedulinglnfoSB1-BR
configured by higher-layers and according to Table 7.1.6-1. If the value of the parameter schedulinglnfoSB1-BR
configured by higher-layersis set to 0, UE assumes that Systeml nfor mationBlockTypel-BR is not transmitted.
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Table 7.1.6-1: Number of repetitions for PDSCH carrying SysteminformationBlockTypel-BR for

BL/CE UE.
Value of Number of
schedulingInfoSIB1- PDSCH
BR repetitions
0 N/A
1 4
2 8
3 16
4 4
5 8
6 16
7 4
8 8
9 16
10 4
11 8
12 16
13 4
14 8
15 16
16 4
17 8
18 16
19-31 Reserved

Table 7.1.6-2: Wideband combination index for a UE configured with higher layer parameter ce-

pdsch-maxBandwidth-config with value 20MHz and CEModeB

Indices of allocated WBs
Wideband
combination index DL DL DL
N2E=50 | N2=75 | NS =100
0 0 0 0
1 1 1 1
2 0,1 2 2
3 Reserved 0,1 3
4 NA 1,2 0,1
5 NA 0,2 2,3
6 NA 0,1,2 0,1,2
7 NA Reserved 0,1,2,3

7.16.1

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

Resource allocation type O

For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag is set to O

- Resource block group size (P) is given by the value S described in sub clause 5.3.3.1.12 of [4].

DL
) N'%:&{N_gBJ and N'P5 isusedinplaceof Ng5 for therest of this sub-clause, unless explicitly

mentioned.

otherwise

- Resource block group size (P) isafunction of the system bandwidth as shown in Table 7.1.6.1-1.
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The total number of RBGS ( Nggg ) for downlink system bandwidth of NRs isgivenby Nggg = ’_N RE /P-‘ where
\_N% / PJ of the RBGs are of size Pandif N2 modP >0 then one of the RBGsisof sizeNZ5 — P-|N25 /P . The

bitmap is of size Nggg bits with one bitmap bit per RBG such that each RBG is addressable.

For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag is set to O

- The RBGsshall be indexed according to RBG indexing described in Subclause 8.1.5.1 by replacing NFL:,;‘G with
Nggg » 'uplink’ with 'downlink’, and N5 with Ngg (butnot N'og).
otherwise

- The RBGs shall beindexed in the order of increasing frequency and non-increasing RBG sizes starting at the
lowest frequency.

The order of RBG to bitmap bit mapping is such that RBG 0 to RBG Ng; —1 are mapped to MSB to LSB of the

bitmap. The RBG is alocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not alocated to the
UE otherwise.

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

System Bandwidth | RBG Size
NgE ®)
<10 1
11-26 2
27 -63 3
64— 110 4
7.1.6.2 Resource allocation type 1

In resource allocations of type 1, aresource block assignment information of size Nggg indicatesto ascheduled UE

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

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

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

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift istriggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each hit 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 VRBsin the increasing frequency order. The VRB is
allocated 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 VRBsin a selected RBG subset hassize Ny = and is defined as
NE= = (NG 1P| ~log, (P)] -1

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

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

allocation span is set to 0, the offset for RBG subset P isgivenby Ay, (P) = 0. Otherwise, the offset for RBG
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subset P isgivenby Ay (p) = NS (p) — N2YPE! where the LSB of the bitmap isjustified with the

highest VRB number within the selected RBG subset. ngewbﬂ (p) is the number of VRBsin RBG subset [ and
can be calculated by the following equation,
DL DL _
M P+P ,p< M mod P
P? P
DL DL
NEEG st () NRE,Z S| (NG —ymodP1 |, p=| TR madP
DL DL
NRBZ p . p> Nee =1\ oap
P P

Consequently, when RBG subset p isindicated, bit i for i=0,1---,Ngs ™ —1 in the bitmap field indicates VRB
number,

VRCRES oL

7.1.6.3 Resource allocation type 2

For BL/CE UEs with resource allocation type 2 resource assignment, Nz =6 and N =6 isused in the rest of
this Subclause.

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 O 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 dlocations for a UE vary from asingle VRB up to a maximum number of VRBSs spanning the system
bandwidth. For DCI format 1A the distributed VRB allocations for a UE vary fromasingle VRB upto NJ%, VRBs,

where NO-. isdefinedin[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI

format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB alocations for aUE vary fromasingle VRB upto NJ:, VRBsif N2

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

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 from asingle VRB upto NO-. VRBsif N2 is6-49 and vary fromasingle VRB up to 16 if
N5: is50-110. With PDCCH DCI format 1C, distributed VRB allocations for aUE vary from N3 VRB(s) up to
[NOL, /NSP | NP VRBswithanincrement step of N3, where N3% value s 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 ( NRD|I3‘) Nre
DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A,
atype 2 resource alocation field consists of aresource indication value (RIV) corresponding to a starting resource block
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( RBga ) @nd alength in terms of virtually contiguoudy allocated resource blocks Lgg,. The resource indication value
is defined by

if (LCRBs _1) < LNRDBI_ /ZJ then
RIV = NRDIIB_ (LCRBS _1) + RBstart
else

RIV = Ngg (N — Loggs +1) + (N 1~ RByyy)

where L g, > 1 and shall not exceed N — RBy.; -

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

corresponding to a starting resource block ( RBg, =0, N3, 2N3%,..., (LNSQB/Nggj_l)Nggp)and alengthinterms

of virtually contiguously allocated resource blocks ( Loggs = NSP, 2N32,..., LN\?I;B / N§§’J~ N3).
The resource indication value is defined by:

it (L —1) < [NC2 /2] then
RIV = Ngg (Léres = 1) + RBLar
else
RIV = Ngg (N{Rs — Lges +1) + (Ngs —1— RBG,,)
where Linge = Lomse/ N3P, RBL,, = RBy /NP and NU2% = | N2L /NS | Here,
L{ree> 1 and shall not exceed N{og — RBL....

7.1.6.4 PDSCH starting position
This Subclause describes PDSCH starting position for UEs that are not BL/CE UEs.
PDSCH starting position for BL/CE UEs is described in Subclause 7.1.6.4A.

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

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

- if the PDSCH isassigned 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

- paasat g given by the higher-layer parameter epdcch-SartSymbol-r11.

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

- baasat g given by the higher-layer parameter pdsch-Start-r 10 for the serving cell on which PDSCH is

received,

- Otherwise

- bassat js given by the CFI value in the subframe of the given serving cell when N5 >10, and |p g iS

given by the CFl value + 1 in the subframe of the given serving cell when N 2% <10.
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For a UE configured in transmission mode 10, for a given activated serving cell

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

- baasat g given by the span of the DCI given by the CFl value in the subframe of the given serving cell

according to Subclause 5.3.4 of [4].

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

- if the PDSCH isassigned by EPDCCH received in the same serving cell

- Dassat isgivenby | ppeenga TOF the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (| as defined in Subclause 9.1.4.1),

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

- baasat g given by the higher-layer parameter pdsch-Start-r 10 for the serving cell on which PDSCH is

received.

- otherwise

- loawsat jsgiven by the CFI value in the subframe of the given serving cell when N25 >10, and 'paasar

is given by the CFI value+1 in the subframe of the given serving cell when NR5 <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 in table 7.1.9-1
for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

- oassan 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 is received.
- 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
- loaasan g given by the CFI value in the subframe of the given serving cell when N3 >10, and

'baastat 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 is received on subframe 1 or 6 for the frame structure type 2,

- lDataStart = min(2, IDataS(art ) ,
- otherwise

- l DataStart l DataStart |

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

ETSI



3GPP TS 36.213 version 14.7.0 Release 14 75 ETSI TS 136 213 V14.7.0 (2018-10)

- 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},

lpaeses 1S QiVEN by parameter pdsch-Start-r11 determined from the DCI (according to Subclause 7.1.9)
for the serving cell on which PDSCH isreceived

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

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

- Otherwise

|5 e 1S TIVEN by the CFI value in the subframe of the given serving cell when Ngg >10, and

baastat s gjven 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,

- I patasiar = MIN(2, llll)atastart) ,

- otherwise

- l DataStart l DataStart |

7.1.6.4A PDSCH starting position for BL/CE UEs

The starting OFDM symbol for PDSCH is given by index |y g in thefirst sotin asubframe K and is determined
asfollows

- for reception of SIB1-BR

| patastart = 3if NRg > 10for the cell on which PDSCH is received
| patastart = 41f N5 <10 for the cell on which PDSCH is received
- dse

llSaIaStart is given by the higher layer parameter startSymbolBR

- if subframe K isaspecial subframe or configured as an MBSFN subframe, and if the BL/CE UE is
configured in CEModeA

| petastart = min(z’llsmaaart)
- €ese
| patasiart = llli)aIaStan .
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
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- if PMI/RI reporting is configured for al 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'BT modP’>0 then one of the PRGsis of size

NB'B‘ - P’i_N B'B‘ / P’J. The PRG sizeis non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applies on all scheduled PRBs within a PRG.

If the UE isaBL/CE UE P’ =3 otherwise 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)
(NRs) (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

- iftheUEisaBL/CE UE

if PDSCH isassigned by MPDCCH DCI format 6-1A

- read the 4-bit "modulation and coding scheme ( | i,,cs)" field in the DCI

- The UE is not expected to receive aDCI format 6-1A indicating |1,. >15
- €elseif PDSCH isassigned by MPDCCH DCI format 6-2

- read the 3-bit "modulation and coding scheme ( | i,,cs)" field in the DCI

- The UE isnot expected to receive aDCI format 6-2 indicating | e > 7
- eseif PDSCH isassigned by MPDCCH DCI format 6-1B

I 1

- read the 4-bit "modulation and coding scheme ( | ﬁ,,cs)" field in the DCI and set I%BS =lyics-

- elseif PDSCH carriers Systeml nformationBlockTypel-BR
- st |15 tothevalue of the parameter schedulinglnfoS B1-BR configured by higher-layers
- otherwise
- read the 5-bit "modulation and coding scheme" field (1,,.s) inthe DCI

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

- setthe Table 7.1.7.2.1-1 column indicator N, to N3Rg 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
- iftheUEisaBL/CE UE

if MPDCCH DCI CRC is scrambled by RA-RNTI for DCI format 6-1A
- setthe Table 7.1.7.2.1-1 column indicator N, t0 Nppg from Subclause 5.3.3.1.12in [4]

- €eseif PDSCH isassigned by MPDCCH DCI format 6-2

- useTable7.1.7.2.3-1 for determining its transport block size.
- €eseif PDSCH carriers Systeml nformationBlockTypel-BR

- use Subclause 7.1.7.2.7 for determining its transport block size.
- €seif PDSCH isassigned by MPDCCH DCI format 6-1B

- use Subclause 7.1.7.2.6 for determining its transport block size if the UE is not configured with higher
layer parameter ce-pdsch-maxBandwidth-config with value >5MHz and not configured with higher layer
parameter mpdcch-PDSCH-MaxBandwidth-SC-MTCH with value 24 PRBs.

- otherwise,

ETSI



3GPP TS 36.213 version 14.7.0 Release 14 78 ETSI TS 136 213 V14.7.0 (2018-10)

- st N,;RB to the total number of allocated PRBs based on the procedure defined in Subclause 7.1.6.

- if PDSCH isassigned by MPDCCH DCI format 6-1A, the repetition number field in the DCI indicates
PDSCH repetition level 1, and the transport block is transmitted in DwWPTS of the special subframein
frame structure type 2, then

- for specia subframe configuration 9 with normal cyclic prefix:

Ny = maxq| N.. x0.375(, 1
- setthe Table 7.1.7.2.1-1 column indicator PRE {L PRB J }

- for other specia subframe configurations:

- setthe Table7.1.7.2.1-1 columnindicator Npgz = max{LN;RB ><0.75J, 1} ,

. . ’
- elsesetthe Table 7.1.7.2.1-1 columnindicator Npgs = Npgg -

- otherwise

- set N,;RB to the total number of allocated PRBs based on the procedure defined in Subclause 7.1.6.

- if thetransport block istransmitted in DWPTS of the specia subframe in frame structure type 2, or is
transmitted in the subframes with the same duration as the DwPTS duration of a specia subframe
configuration in frame structure type 3, then

- for specia subframe configuration 9 and 10 with normal cyclic prefix or special subframe configuration 7
with extended cyclic prefix:

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

- for other specia subframe configurations:

- setthe Table7.1.7.2.1-1 columnindicator Npgz = max{LN;RB ><0.75J, 1} ,

. - ’
- else setthe Table 7.1.7.2.1-1 column indicator Npgg = Npgg -

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.932, 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 in frame structure type 2, or for subframes
with the same duration as the DWPT S duration of the special subframe configuration 0 and 5 in frame structure type 3,
with the special subframe configurations shown in Table 4.2-1 of [3], or for the special subframe configuration 10 with
the higher layer parameter crs-LessDWPTSr14 set astrue, a non-BL/CE UE shall assume there is no PDSCH
transmission in DWPTS of the specia subframe.

For frame structure type 2, a BL/CE UE shall assume PDSCH is dropped in a specia subframe considered as BL/CE
DL subframe according to Subclause 6.8B.1 of [3] in the following cases

- for PDSCH scheduled from UE-specific search space, TypeO-MPDCCH common search space, Typel-
MPDCCH common search space or Type2-MPDCCH common search space, if an MPDCCH belonging to the
corresponding search space is dropped in the specia subframe according to clause 9.1.5.

- if PDSCH carries SI messages.

7.1.7.1 Modulation order and redundancy version determination

For BL/CE UEs configured with CEModeA, | hl,lcsis used inplace of |, intherest of this Subclause.
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The UE shall use Q,,=2if the DCI CRC is scrambled by P-RNTI, RA-RNTI, SI-RNTI, or SC-RNTI, or if PDSCH is

assigned by MPDCCH DCI Format 6-1B, or if PDSCH carriers Systeml nformationBlockTypel-BR, or if PDSCH carries
BL/CE SI messages, or if the UE is configured with CEModeA and higher layer parameter ce-pdsch-
puschEnhancement-config with value 'On' and repetition number field in the corresponding DCI indicates a value
greater than 1, 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,

- if the assigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel ,.sand Table
7.1.7.1-1A to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical
downlink shared channel issetto Q_ =Q, ;

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

- dse

- if the assigned PDSCH is transmitted only in the second slot of a subframe, the UE shall usel,,.sand Table
7.1.7.1-1 to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical downlink
shared channel issetto Q_ =Q,,;

- otherwise, the UE shall usel ,,. 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 | Modulation Order | TBS Index
I vies Qnm Qn I 185
0 2 2 0
1 2 2 1
2 2 2 2
3 2 2 3
4 2 2 4
5 2 4 5
6 2 4 6
7 2 4 7
8 2 4 8
9 2 4 9
10 4 6 9
11 4 6 10
12 4 6 11
13 4 6 12
14 4 6 13
15 4 6 14
16 4 6 15
17 6 6 15
18 6 6 16
19 6 6 17
20 6 6 18
21 6 6 19
22 6 6 20
23 6 6 21
24 6 6 22
25 6 6 23
26 6 6 24
27 6 6 25
28 6 6 26/26A

29 2 2
30 4 4 reserved
31 6 6

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

MCS Index | Modulation Order | Modulation Order | TBS Index
IMCS Qm Qm ITBS
0 2 2 0
1 2 2 2
2 2 2 4
3 2 4 6
4 2 4 8
5 4 6 10
6 4 6 11
7 4 6 12
8 4 6 13
9 4 6 14
10 4 8 15
11 6 8 16
12 6 8 17
13 6 8 18
14 6 8 19
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MCS Index | Modulation Order | Modulation Order | TBS Index
| s o/ Qn I r5s
15 6 8 20
16 6 8 21
17 6 8 22
18 6 8 23
19 6 8 24
20 8 8 25
21 8 8 27
22 8 8 28
23 8 8 29
24 8 8 30
25 8 8 31
26 8 8 32
27 8 8 33/33A/33B
28 2 2
29 4 4
30 6 6 reserved
31 8 8

For BL/CE UEs, the same redundancy version is applied to PDSCH transmitted in agiven block of N_. consecutive
subframes, if the PDSCH is not carrying Systeml nfor mationBlockTypel-BR or SI message. The subframe number of the

first subframein each block of N, consecutive subframes, denoted as N, , , satisfies (nabs‘l - 5) modN,,. =0,

where 0 =0 for FDDand & =2 for TDD. Denote io as the subframe number of the first downlink subframe

intended for PDSCH, given by n+x as defined in Subclause 7.1.11. The PDSCH transmission spans NgszCH

consecutive subframes including non-BL/CE subframes where the PDSCH transmission is postponed. Note that BL/CE

subframe(s) refersto either BL/CE DL subframe(s) or BL/CE UL subframe(s). For the jth block of N, consecutive

subframes within the set of Nsb[;sc“ subframes, the redundancy version (rviay) is determined according to Table

7.1.7.1-2using V= (] +rvy )Jmod4, where j=01,...,J™" -1 and

JPOSCH _ N +((i, —d) modN
N

acc

) . The J™"" blocks of subframes are sequential in time, starting

with j =0 towhichsubframeig belongs. For aBL/CE UE configured in CEModeA, N, =1 and Voo is
determined by the 'Redundancy version’ field in DCI format 6-1A. For a BL/CE UE configured with CEModeB, or a
BL/CE UE receiving PDSCH associated with P-RNTI, N, =4 for FDD and N, =10 for TDD, and I'vpy =0.

Table 7.1.7.1-2: Redundancy version

Redundancy version Index ;
rv I'Vidx
0 0
1 2
2 3
3 1
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7.1.7.2 Transport block size determination
For BL/CE UEs configured with CEModeA, | bcs isused inplace of |, intherest of this Subclause

If the DCI CRC isscrambled by P-RNTI, RA-RNTI, or SI-RNTI then
- for DCI format 1A or DCI format 6-1A:

- theUE shall set the TBSindex (|5 ) equal to I,,.s and determineits TBS by the procedure in Subclause
7.1.7.21for 0<1,54<26.

- for DCI format 1C and DCI format 6-2:
- theUE shall setthe TBSindex (I,5) equal to I,,.s and determineits TBS from Table 7.1.7.2.3-1.
elseif the DCI CRC is scrambled by SC-RNTI then
- the UE shdll setthe TBSindex (|5 ) equa to |,,. and determineits TBS from Table 7.1.7.2.3-1.

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

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

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

the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. 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.

- for29<1,,. <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< I, < 33. If thereis no PDCCH/EPDCCH for the
same transport block using0 < I, < 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.

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

wes =0 andif rvix = 1 otherwise the

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

- for 0<1,, <27, the UE shall first determine the TBSindex (| 55 ) 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. When |, . =27,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbsIndexAlt, 1., is33A, or if
the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in tbsIndexAlt2, |.,5 is33B;

otherwise 1,5, is33. 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 TBSis determined by the procedure in Subclause 7.1.7.2.2. For atransport
block that is mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in Subclause
7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBS is determined by
the procedure in Subclause 7.1.7.2.5.

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

MCS —

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

wes =0 andif rviac = 1 otherwise the

elseif the UE supports ce-pdsch-pusch-maxBandwidth with value >5MHz
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else

the UE shall first determine the TBS index (155 ) using 1,5 and Table 7.1.7.1-1

if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 5SMHz or if the
UE is configured with higher layer parameter pdsch-MaxBandwidth-SC-MTCH with value 24 PRBs

- For CEModeA, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< |z <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< 15,4 <9
if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value > 5SMHz

- For CEModeA, TBSis determined by the procedure in Subclause 7.1.7.2.1 for 0< |z <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.1 for 0< 15,4 <9

otherwise,

- TBSisdetermined by the procedurein Subclause 7.1.7.2.1

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

is scheduled by DCI formats 2C/2D and is configured with a26 in tbsindexAlt, |.,5 iS26A; otherwise |, IS

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

for29 < 1,,.s <31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< 1,,.s < 28. If thereisno PDCCH/EPDCCH for the

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

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

InDCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if 1,,.c =0 and if rvisx = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH/MPDCCH, 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

Forl1< N <110, the TBSisgiven by the (1,55, Npgg ) €ntry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 39x110)

I t8s Nevs

1 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
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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
12 208 440 630 904 1128 1352 1608 1800 | 2024 | 2280
13 224 488 744 1000 1256 1544 | 1800 | 2024 | 2280 | 2536
14 256 552 840 1128 1416 1736 | 1992 2280 | 2600 | 2856
15 280 600 904 1224 | 1544 | 1800 | 2152 2472 | 2728 | 3112
16 328 632 968 1288 1608 1928 | 2280 | 2600 | 2984 | 3240
17 336 696 1064 1416 1800 | 2152 | 2536 | 2856 | 3240 | 3624
18 376 776 1160 1544 | 1992 | 2344 | 2792 3112 | 3624 | 4008
19 408 840 1288 1736 | 2152 | 2600 | 2984 | 3496 | 3880 | 4264
20 440 904 1384 1864 | 2344 | 2792 | 3240 | 3752 | 4136 | 4584
21 488 1000 | 1480 1992 | 2472 | 2984 | 3496 | 4008 | 4584 | 4968
22 520 1064 | 1608 | 2152 | 2664 | 3240 | 3752 | 4264 | 4776 | 5352
23 552 1128 | 1736 | 2280 | 2856 | 3496 | 4008 | 4584 | 5160 | 5736
24 584 1192 1800 | 2408 | 2984 | 3624 | 4264 | 4968 | 5544 | 5992
25 616 1256 | 1864 | 2536 | 3112 | 3752 | 4392 5160 | 5736 | 6200
26 712 1480 | 2216 | 2984 | 3752 | 4392 | 5160 | 5992 | 6712 | 7480

26A 632 1288 1928 2600 | 3240 | 3880 | 4584 | 5160 | 5992 | 6456

N PRB
I TBS
11 12 13 14 15 16 17 18 19 20
288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 968 1032 1096 1160
776 840 904 1000 1064 | 1128 | 1192 1288 1352 1416

968 1032 1128 1224 1320 1384 1480 1544 1672 1736
1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
1736 1864 2024 2216 2344 2536 2664 2856 2984 3112
10 1928 2088 2280 2472 2664 2792 2984 3112 3368 3496
11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008
12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584
13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160
14 3112 3496 3752 4008 4264 4584 4968 5160 5544 5736
15 3368 3624 4008 4264 4584 4968 5160 5544 5736 6200
16 3624 3880 4264 4584 4968 5160 5544 5992 6200 6456
17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504
20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 5992 6456 6968 7480 7992 8504 9144 9528 10296 10680
23 6200 6968 7480 7992 8504 9144 9912 10296 11064 11448
24 6712 7224 7992 8504 9144 9912 10296 11064 11448 12216
25 6968 7480 8248 8760 9528 10296 10680 11448 12216 12576
26 8248 8760 9528 10296 11064 11832 12576 13536 14112 14688
26A 7224 7736 8504 9144 9912 10296 11064 11832 12576 12960

OO (N[O |O|A™[WIN[(F|O

N g

I t8s
21 22 23 24 25 26 27 28 29 30
0 568 600 616 648 680 712 744 776 776 808
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 2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
7 2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
8 2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
9 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
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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
26A 13536 14112 15264 15840 16416 16992 17568 18336 19080 19848

|
il 32 33 34 35 36 37 38 39 40

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

OO |N|O|O|”[WIN|F|O

41 42 43 44 45 46 47 48 49 50
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 2984 2984 3112 3112 3240 3240 3368 3496 3496 3624
5 3624 3752 3752 3880 4008 4008 4136 4264 4392 4392
6
7
8
9

4264 4392 4584 4584 4776 4776 4968 4968 5160 5160
4968 5160 5352 5352 5544 5736 5736 5992 5992 6200
5736 5992 5992 6200 6200 6456 6456 6712 6968 6968
6456 6712 6712 6968 6968 7224 7480 7480 7736 7992
10 7224 7480 7480 7736 7992 7992 8248 8504 8504 8760
11 8248 8504 8760 8760 9144 9144 9528 9528 9912 9912
12 9528 9528 9912 9912 10296 10680 10680 11064 11064 11448
13 10680 10680 11064 11448 11448 11832 12216 12216 12576 12960
14 11832 12216 12216 12576 12960 12960 13536 13536 14112 14112
15 12576 12960 12960 13536 13536 14112 14688 14688 15264 15264
16 13536 13536 14112 14112 14688 14688 15264 15840 15840 16416
17 14688 15264 15264 15840 16416 16416 16992 17568 17568 18336
18 16416 16416 16992 17568 17568 18336 18336 19080 19080 19848
19 17568 18336 18336 19080 19080 19848 20616 20616 21384 21384
20 19080 19848 19848 20616 20616 21384 22152 22152 22920 22920
21 20616 21384 21384 22152 22920 22920 23688 24496 24496 25456
22 22152 22920 22920 23688 24496 24496 25456 25456 26416 27376
23 23688 24496 24496 25456 25456 26416 27376 27376 28336 28336
24 25456 25456 26416 26416 27376 28336 28336 29296 29296 30576
25 26416 26416 27376 28336 28336 29296 29296 30576 31704 31704
26 30576 30576 31704 32856 32856 34008 35160 35160 36696 36696

ETSI
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26A 26416 27376 27376 29296 29296 29296 30576 30576 31704 32856

N PRB
I TBS
51 52 53 54 55 56 57 58 59 60
0 1416 1416 | 1480 1480 1544 | 1544 | 1608 1608 1608 1672
1 1864 | 1864 | 1928 1992 1992 | 2024 | 2088 | 2088 | 2152 | 2152
2 2280 | 2344 | 2344 | 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2664
3 2984 | 2984 | 3112 3112 | 3240 | 3240 | 3368 | 3368 | 3496 | 3496
4 3624 | 3752 | 3752 3880 | 4008 | 4008 | 4136 | 4136 | 4264 | 4264
5 4584 | 4584 | 4776 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160 | 5352
6 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 5992 | 6200 6200
7 6200 6456 | 6456 | 6712 | 6712 6712 6968 | 6968 | 7224 | 7224
8 7224 | 7224 | 7480 | 7480 | 7736 7736 | 7992 7992 | 8248 | 8504
9 7992 | 8248 | 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528
10 0144 | 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 | 10080 | 19080 | 19848
17 | 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 | 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 | 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
26 | 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816
26A | 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232
N PRB
I TBS
61 62 63 64 65 66 67 68 69 70

1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6456 6456 6456 6712 6712 6968 6968 6968 7224 7224
7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9528 9912 9912 10296 10296 10296 10680 10680 11064 11064
10 10680 11064 11064 11448 11448 11448 11832 11832 12216 12216
11 12216 12576 12576 12960 12960 13536 13536 13536 14112 14112
12 14112 14112 14112 14688 14688 15264 15264 15264 15840 15840
13 15840 15840 16416 16416 16992 16992 16992 17568 17568 18336
14 17568 17568 18336 18336 18336 19080 19080 19848 19848 19848
15 18336 19080 19080 19848 19848 20616 20616 20616 21384 21384
16 19848 19848 20616 20616 21384 21384 22152 22152 22152 22920
17 22152 22152 22920 22920 23688 23688 24496 24496 24496 25456
18 24496 24496 24496 25456 25456 26416 26416 27376 27376 27376
19 26416 26416 27376 27376 28336 28336 29296 29296 29296 30576
20 28336 29296 29296 29296 30576 30576 31704 31704 31704 32856
21 30576 31704 31704 31704 32856 32856 34008 34008 35160 35160
22 32856 34008 34008 34008 35160 35160 36696 36696 36696 37888
23 35160 35160 36696 36696 37888 37888 37888 39232 39232 40576
24 36696 37888 37888 39232 39232 40576 40576 42368 42368 42368
25 39232 39232 40576 40576 40576 42368 42368 43816 43816 43816
26 45352 45352 46888 46888 48936 48936 48936 51024 51024 52752
26A 40576 40576 40576 40576 42368 42368 43816 43816 45352 45352

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

71 72 73 74 75 76 77 78 79 80
1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
6200 6200 6456 6456 6712 6712 6712 6968 6968 6968

AW |IN|F|O

ETSI
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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
20 32856 34008 34008 34008 35160 35160 35160 36696 36696 36696
21 35160 36696 36696 36696 37888 37888 39232 39232 39232 40576
22 37888 39232 39232 40576 40576 40576 42368 42368 42368 43816
23 40576 40576 42368 42368 43816 43816 43816 45352 45352 45352
24 43816 43816 45352 45352 45352 46888 46888 46888 48936 48936
25 45352 45352 46888 46888 46888 48936 48936 48936 51024 51024
26 52752 52752 55056 55056 55056 55056 57336 57336 57336 59256
26A 45352 46888 46888 48936 48936 48936 51024 51024 51024 52752

N prg
I res
81 82 83 84 85 86 87 88 89 90
0 2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
1 2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
2 3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
3 4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
4 5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
5 7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
6 8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
7 9912 9912 10296 10296 10296 10680 10680 10680 11064 11064
8 11448 11448 11448 11832 11832 12216 12216 12216 12576 12576
9 12960 12960 12960 13536 13536 13536 13536 14112 14112 14112
10 14112 14688 14688 14688 14688 15264 15264 15264 | 15840 15840
11 16416 16416 16992 16992 16992 17568 17568 17568 18336 18336
12 18336 19080 19080 19080 19080 19848 19848 19848 | 20616 20616
13 20616 21384 | 21384 | 21384 | 22152 22152 22152 22920 | 22920 22920
14 22920 23688 | 23688 | 24496 | 24496 24496 | 25456 25456 | 25456 25456
15 24496 25456 | 25456 | 25456 | 26416 26416 | 26416 27376 | 27376 27376
16 26416 26416 | 27376 | 27376 | 27376 28336 28336 28336 | 29296 29296
17 29296 29296 | 30576 | 30576 | 30576 30576 | 31704 | 31704 | 31704 32856
18 31704 | 32856 | 32856 | 32856 | 34008 34008 | 34008 | 35160 | 35160 35160
19 35160 35160 | 35160 | 36696 | 36696 36696 | 37888 | 37888 | 37888 39232
20 37888 37888 | 39232 39232 | 39232 | 40576 | 40576 40576 | 42368 | 42368
21 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 43816 | 45352 | 45352
22 43816 | 43816 | 45352 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 46888 | 46888 | 46888 | 48936 | 48936 | 48936 51024 | 51024 | 51024 51024
24 48936 51024 | 51024 | 51024 | 52752 52752 52752 52752 | 55056 55056
25 51024 | 52752 52752 52752 | 55056 55056 55056 55056 | 57336 57336
26 59256 59256 | 61664 | 61664 | 61664 | 63776 63776 63776 | 66592 66592
26A 52752 52752 55056 | 55056 | 55056 55056 57336 57336 | 57336 59256
N prg

I res

91 92 93 94 95 96 97 98 99 100

2536 2536 2600 2600 2664 2664 2728 2728 2728 2792
3368 3368 3368 3496 3496 3496 3496 3624 3624 3624
4136 4136 4136 4264 4264 4264 4392 4392 4392 4584
5352 5352 5352 5544 5544 5544 5736 5736 5736 5736
6456 6456 6712 6712 6712 6968 6968 6968 6968 7224
7992 7992 8248 8248 8248 8504 8504 8760 8760 8760
9528 9528 9528 9912 9912 9912 10296 10296 10296 10296
11064 11448 11448 11448 11448 11832 11832 11832 12216 12216
12576 12960 12960 12960 13536 13536 13536 13536 14112 14112
14112 14688 14688 14688 15264 15264 15264 15264 15840 15840
10 15840 16416 16416 16416 16992 16992 16992 16992 17568 17568
11 18336 18336 19080 19080 19080 19080 19848 19848 19848 19848
12 20616 21384 21384 21384 21384 22152 22152 22152 22920 22920
13 23688 23688 23688 24496 24496 24496 25456 25456 25456 25456
14 26416 26416 26416 27376 27376 27376 28336 28336 28336 28336
15 28336 28336 28336 29296 29296 29296 29296 30576 30576 30576

OO (N[O |WIN(F|O
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16 29296 30576 30576 30576 30576 31704 31704 31704 | 31704 32856
17 32856 32856 34008 34008 34008 35160 35160 35160 35160 36696
18 36696 36696 36696 37888 37888 37888 37888 39232 39232 39232
19 39232 39232 40576 40576 40576 40576 | 42368 42368 42368 43816
20 42368 42368 | 43816 43816 43816 45352 45352 45352 46888 46888
21 45352 46888 | 46888 46888 46888 48936 48936 48936 48936 51024
22 48936 48936 51024 51024 | 51024 51024 52752 52752 52752 55056
23 52752 52752 52752 55056 55056 55056 55056 57336 57336 57336
24 55056 57336 57336 57336 57336 59256 59256 59256 61664 61664
25 57336 59256 59256 59256 61664 61664 61664 61664 | 63776 63776
26 66592 68808 68808 68808 71112 71112 71112 73712 73712 75376
26A 59256 59256 59256 61664 | 61664 61664 63776 63776 63776 66592

I TBS

101 102 103 104 105 106 107 108 109 110
2792 2856 2856 2856 2984 2984 2984 2984 2984 3112
3752 3752 3752 3752 3880 3880 3880 4008 4008 4008
4584 4584 4584 4584 4776 4776 4776 4776 4968 4968
5992 5992 5992 5992 6200 6200 6200 6200 6456 6456
7224 7224 7480 7480 7480 7480 7736 7736 7736 7992
8760 9144 9144 9144 9144 9528 9528 9528 9528 9528
10680 10680 10680 10680 11064 11064 11064 11448 11448 11448
12216 12576 12576 12576 12960 12960 12960 12960 13536 13536
14112 14112 14688 14688 14688 14688 15264 15264 15264 15264
15840 16416 16416 16416 16416 16992 16992 16992 16992 17568
10 17568 18336 18336 18336 18336 18336 19080 19080 19080 19080
11 20616 20616 20616 21384 21384 21384 21384 22152 22152 22152
12 22920 23688 23688 23688 23688 24496 24496 24496 24496 25456
13 26416 26416 26416 26416 27376 27376 27376 27376 28336 28336
14 29296 29296 29296 29296 30576 30576 30576 30576 31704 31704
15 30576 31704 31704 31704 31704 32856 32856 32856 34008 34008
16 32856 32856 34008 34008 34008 34008 35160 35160 35160 35160
17 36696 36696 36696 37888 37888 37888 39232 39232 39232 39232
18 40576 40576 40576 40576 42368 42368 42368 42368 43816 43816
19 43816 43816 43816 45352 45352 45352 46888 46888 46888 46888
20 46888 46888 48936 48936 48936 48936 48936 51024 51024 51024
21 51024 51024 51024 52752 52752 52752 52752 55056 55056 55056
22 55056 55056 55056 57336 57336 57336 57336 59256 59256 59256
23 57336 59256 59256 59256 59256 61664 61664 61664 61664 63776
24 61664 61664 63776 63776 63776 63776 66592 66592 66592 66592
25 63776 63776 66592 66592 66592 66592 68808 68808 68808 71112
26 75376 75376 75376 75376 75376 75376 75376 75376 75376 75376
26A 66592 66592 66592 68808 68808 68808 71112 71112 71112 71112

OO (N[O |WIN(F|O

| N PRB

T8s 1 2 3 4 5 6 7 8 9 10
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
32A 904 1864 2792 3752 4584 5544 6456 7480 8248 9144
33 968 1992 2984 4008 4968 5992 6968 7992 8760 9912

33A 840 1736 2600 3496 4392 5160 5992 6968 7736 8760
33B 968 1992 2984 4008 4968 5992 6968 7992 8760 9912
34 1032 2088 3112 4264 5160 6200 7224 8504 9528 10296

I TBS

11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 10680 11448 11832 12576 12960
28 7736 8504 9144 9912 10680 11064 11832 12576 13536 14112
29 8248 8760 9528 10296 11064 11832 12576 13536 14112 14688
30 8504 9528 10296 11064 11832 12576 13536 14112 14688 15840
31 9144 9912 10680 11448 12216 12960 14112 14688 15840 16416
32 9528 10296 11064 11832 12960 13536 14688 15264 16416 16992
32A 10296 11064 12216 12960 14112 14688 15840 16416 17568 18336
33 10680 11832 12960 13536 14688 15840 16992 17568 19080 19848
33A 9528 10296 11448 12216 12960 14112 14688 15840 16416 17568
33B 10680 11832 12960 13536 14688 15840 16992 17568 19080 19848
34 11448 12576 13536 14688 15840 16992 17568 19080 19848 20616

ETSI
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I TBS

21 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
32A 19848 20616 21384 22152 22920 24496 25456 26416 27376 27376
33 20616 21384 22920 23688 24496 25456 26416 27376 28336 29296
33A 18336 19080 19848 20616 22152 22920 23688 24496 25456 26416
33B 20616 21384 22920 23688 24496 25456 26416 27376 28336 29296
34 22152 22920 24496 25456 26416 27376 28336 29296 30576 31704

I TBS

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
32A 28336 29296 30576 31704 32856 32856 34008 35160 36696 36696
33 30576 31704 32856 34008 35160 35160 36696 37888 39232 39232
33A 27376 27376 29296 29296 30576 30576 31704 32856 34008 35160
33B 30576 31704 32856 34008 35160 35160 36696 37888 39232 39232
34 32856 34008 35160 35160 36696 37888 39232 39232 40576 42368

I TBS

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
32A 37888 39232 40576 40576 42368 42368 43816 43816 45352 46888
33 40576 40576 | 42368 43816 43816 45352 46888 46888 48936 48936
33A 35160 36696 36696 37888 39232 40576 40576 40576 42368 43816
33B 40576 40576 42368 43816 43816 45352 46888 46888 48936 48936
34 42368 43816 | 45352 46888 46888 48936 48936 51024 51024 52752

|
™ By 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
32A 46888 48936 48936 51024 51024 52752 52752 52752 55056 55056
33 51024 51024 52752 52752 55056 55056 57336 57336 59256 59256
33A 43816 45352 45352 46888 48936 48936 48936 51024 51024 52752
33B 51024 51024 52752 52752 55056 55056 57336 57336 59256 59256
34 52752 55056 55056 57336 57336 59256 59256 61664 61664 63776

|
188 61 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
32A 57336 57336 59256 59256 59256 61664 61664 63776 63776 63776
33 59256 61664 61664 63776 63776 63776 66592 66592 68808 68808
33A 52752 55056 55056 55056 57336 57336 57336 59256 59256 61664
33B 59256 61664 61664 63776 63776 63776 66592 66592 68808 68808

ETSI
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34 63776 63776 66592 66592 68808 68808 71112 71112 71112 73712

NPRB

71 72 73 74 75 76 77 78 79 80

27 46888 46888 48936 48936 48936 51024 51024 51024 52752 52752
28 48936 51024 51024 52752 52752 52752 55056 55056 55056 57336
29 52752 52752 55056 55056 55056 57336 57336 57336 59256 59256
30 55056 57336 57336 57336 59256 59256 59256 61664 61664 63776
31 59256 59256 59256 61664 61664 63776 63776 63776 66592 66592
32 61664 61664 61664 63776 63776 63776 66592 66592 66592 68808
32A 66592 66592 68808 68808 68808 71112 71112 73712 73712 73712
33 71112 71112 71112 73712 75376 76208 76208 76208 78704 78704
33A 61664 61664 63776 63776 66592 66592 66592 68808 68808 68808
33B 71112 71112 71112 73712 75376 76208 76208 76208 78704 78704
34 75376 76208 76208 78704 78704 78704 81176 81176 81176 84760

I TBS

|

il T 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
32A 75376 76208 76208 78704 78704 78704 81176 81176 81176 84760
33 81176 81176 81176 81176 84760 84760 84760 87936 87936 87936
33A 71112 71112 71112 73712 75376 75376 76208 76208 78704 78704
33B 81176 81176 81176 81176 84760 84760 84760 87936 87936 87936
34 84760 84760 87936 87936 87936 90816 90816 93800 93800 93800

N prg
91 92 93 94 95 96 97 98 99 100

27 59256 61664 61664 61664 63776 63776 63776 63776 66592 66592
28 63776 63776 66592 66592 66592 66592 68808 68808 68808 71112
29 66592 68808 68808 68808 71112 71112 71112 73712 73712 73712
30 71112 71112 73712 73712 75376 75376 76208 76208 78704 78704
31 75376 76208 76208 78704 78704 78704 81176 81176 81176 81176
32 78704 78704 78704 81176 81176 81176 84760 84760 84760 84760
32A 84760 84760 87936 87936 87936 87936 90816 90816 90816 93800
33 90816 90816 90816 93800 93800 93800 93800 97896 97896 97896
33A 78704 81176 81176 81176 81176 84760 84760 84760 84760 87936
33B 90816 90816 90816 93800 93800 93800 93800 97896 97896 | 100752
34 93800 97896 97896 97896 97896 | 101840 | 101840 | 101840 | 105528 | 105528

I TBS

N prg
101 102 103 104 105 106 107 108 109 110

27 66592 66592 68808 68808 68808 71112 71112 71112 71112 73712
28 71112 71112 73712 73712 73712 75376 75376 76208 76208 76208
29 75376 76208 76208 76208 78704 78704 78704 81176 81176 81176
30 78704 81176 81176 81176 81176 84760 84760 84760 84760 87936
31 84760 84760 84760 84760 87936 87936 87936 87936 90816 90816
32 87936 87936 87936 87936 90816 90816 90816 93800 93800 93800
32A 93800 93800 93800 97896 97896 97896 97896 | 101840 | 101840 | 101840
33 97896 97896 97896 97896 97896 97896 97896 97896 97896 97896
33A 87936 87936 87936 90816 90816 90816 93800 93800 93800 97896
33B || 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752
34 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528

I TBS
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Transport blocks mapped to two-layer spatial multiplexing

Forl< Nz <55,the TBSisgiven by the (15,2 N ) entry of Table 7.1.7.2.1-1.

For56 < Nz <110, abaseline TBS L1 istaken fromthe (1,55, Nprg ) entry of Table 7.1.7.2.1-1, which isthen

trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS_L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS_L1 TBS L2 TBS L1 TBS L2 TBS_L1 TBS_L2 TBS_L1 TBS L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816
100752 201936 101840 203704 105528 211936

7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2

The TBSisgiven by thel ¢ entry of Table 7.1.7.2.3-1. For DCI Format 6-2, 0< |, <7-

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2

ls | O | 2 | 2 |3 | 4|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
ligs | 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< Npgg <36, the TBSisgiven by the (1,55 ,3- Nprg) entry of Table 7.1.7.2.1-1.

For 37< Npgg <110, abaseline TBS_L1 istaken fromthe (55, Npgg ) 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< Npgg <27, the TBSisgiven by the (1,55 ,4- Npgg) entry of Table 7.1.7.2.1-1.

For 28< Nprg <110, abaseline TBS_L 1 istaken fromthe (155, Npgg ) 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

7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB and PDSCH

BL/CE UEs configured with CEModeB and not configured with higher layer parameter ce-pdsch-maxBandwidth-config

bandwidth up to 1.4MHz

with value >5MHz and not configured with higher layer parameter mpdcch-PD SCH-MaxBandwidth-SC-MTCH with
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value 24 PRBs shall set |15 = 1755 and determineits TBS by the procedure in Subclause 7.1.7.2.1 for 0< 1., <9,

and Npgg =40r Ny =6.

7.1.7.2.7 Transport blocks mapped for BL/CE UEs SystemInformationBlockTypel-BR
The TBSisgiven by the | ;¢ entry of Table 7.1.7.2.7-1.

Table 7.1.7.2.7-1: Transport block size (TBS) table for PDSCH carrying
SystemInformationBlockTypel-BR

lgs| O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
TBS| N/A | 208 | 208 208 256 | 256 | 256 | 328 | 328 | 328 | 504 | 504 | 504 | 712 | 712 | 712
ligs | 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
TBS| 936 | 936 | 936 Reserved

7.1.7.2.8 Transport blocks mapped for UEs configured with ce-pdsch-maxBandwidth-
config value of 5 MHz or with pdsch-MaxBandwidth-SC-MTCH value of 24 PRBs

Forl< Npgg <14, and 0< | 55 <14the TBSisgiven by the (1,55, Ny ) entry of Table 7.1.7.2.1-1.

Forl5< Npgg <24, and 0< |55 < 14the TBSisgiven by the (I s, Nggg ) entry of Table 7.1.7.2.8-1.

Table 7.1.7.2.8-1: Transport block size (TBS) table for UEs configured with ce-pdsch-maxBandwidth-
config value of 5 MHz or with pdsch-MaxBandwidth-SC-MTCH value of 24 PRBs

N prg
15 16 17 18 19 20 21 22 23 24
392 424 456 488 504 536 568 600 616 648
520 568 600 632 680 712 744 776 808 872
648 696 744 776 840 872 936 968 | 1000 | 1064
872 904 968 | 1032 | 1096 | 1160 | 1224 | 1256 | 1320 | 1384
1064 | 1128 | 1192 | 1288 | 1352 | 1416 | 1480 | 1544 | 1608 | 1736
1320 | 1384 | 1480 | 1544 | 1672 | 1736 | 1864 | 1928 | 2024 | 2088
1544 | 1672 | 1736 | 1864 | 1992 | 2088 | 2216 | 2280 | 2408 | 2472
1800 | 1928 | 2088 | 2216 | 2344 | 2472 | 2536 | 2664 | 2792 | 2984
2088 | 2216 | 2344 | 2536 | 2664 | 2792 | 2984 | 3112 | 3240 | 3368
2344 | 2536 | 2664 | 2856 | 2984 | 3112 | 3368 | 3496 | 3624 | 3752
10 2664 | 2792 | 2984 | 3112 | 3368 | 3496 | 3752 | 3880 | 4008 | 4008
11 2984 | 3240 | 3496 | 3624 | 3880 | 4008 | 4008 | 4008
12 3368 | 3624 | 3880 | 4008 | 4008
13 3880 | 4008 | 4008
14 4008

I TBS

OO (N[O |TO|™[WIN|(F|O

7.1.7.3 Redundancy Version determination for Format 1C
If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

- the UE shall set the Redundancy Versionto 0
Elseif the DCI Format 1C CRC is scrambled by SI-RNTI, then

- the UE shall set the Redundancy Version as defined in [8].
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7.1.8  Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with
a SCG, then for each serving cell, for at least Ko - min(M oL rarg M Iimit) 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 1ers Wmod(k+nSB—1,Nch) , Where:

. N : ft
|’]83 =Mmin| N b .SJ !
[ ‘ {C' Nc[t)ahs : KMIMO -mi n(M DL_HARQ 1 M limit )

and M, aredefinedin Subclause5.1.4.1.2 of [4].

ka Cv 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.
N’ isthe maximum "Total number of soft channel bits' [12] among all the indicated UE categories [11] of this UE.

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. The range W Wi ,1,..., Wioging-1,n,,) MaY include subsets not containing
received soft channel bits.

7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-L ocation indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in Subclause 7.1.10) if the UE is configured with Type B quasi co-
location type (defined in Subclause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use
the parameter set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS
activation for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]) and PDSCH antenna port quasi co-
location (defined in Subclause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
‘00’ Parameter set 1 configured by higher layers
'01' Parameter set 2 configured by higher layers
'10’ Parameter set 3 configured by higher layers
11 Parameter set 4 configured by higher layers|

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set:

- crs-PortsCount-r11.

- crs-Fregshift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RSConfigZPId-r11.
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- pdsch-Sart-r11.
- qcl-C3-RS-ConfigNZPId-r11.

- zeroTxPowerCS-RX2-r12 if the UE is configured with higher layer parameter eMIMO-Type for TDD serving
cell.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in Subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
Subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in Subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in Subclause 7.1.10) if the UE is configured with Type B
guasi co-location type (defined in Subclause 7.1.10).

If the UE is configured in transmission mode 10 and configured with Type B quasi co-location and configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot' for a CSl process, the UE is not expected to receive a
'PDSCH RE Mapping and Quasi-Co-Location indicator' selecting a parameter set with CSI-RS resource configuration
for the CSl process identified by the higher layer parameter gcl-CS-RS-ConfigNZPId-r11 corresponding to a
deactivated CSI-RS resource (defined in Subclause 7.2.8) or an activated CSI-RS resource (defined in Subclause 7.2.8)
with no CSI-RS transmission since the activation of the CSI-RS resource.

If the UE is configured in transmission mode 10 and configured with Type B quasi co-location and configured with
higher layer parameter csi-RS-ConfigNZP-ApList and configured with higher layer parameter csi-RS NZP-mode set to
‘aperiodic’ for a CSl process, the UE is not expected to receive a'PDSCH RE Mapping and Quasi-Co-L ocation
indicator' selecting a parameter set with CSI-RS resource configuration for the CSI process identified by the higher
layer parameter gcl-CS-RS-ConfigNZPId-r11.

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.

A UE configured with higher layer parameter csi-RS-ConfigZP-Ap for a given serving cell is configured with 4
aperiodic zero-power CSI-RS resources by higher layer signaling to decode PDSCH according to a detected
PDCCH/EPDCCH with DCI format 1/1B/1D//2/2A/2B/2C/2D intended for the UE and the given serving cell. The UE
shall use the aperiodic zero-power CSI-RS resource according to the value of the ' Aperiodic zero-power CSI-RS
resource indicator for PDSCH RE Mapping' field (mapping defined in Table 7.1.9-2) in the detected PDCCH/EPDCCH
with DCI format 1/1B/1D/2/2A/2B/2C/2D for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]).

Table 7.1.9-2: Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping field in DCI
format 1/1B/1D/2/2A/2B/2C/2D

\Value of Aperiodic zero-power CSI-RS resource Description
indicator for PDSCH RE Mapping ' field
'00' IAperiodic zero-power CSI-RS resources 1 configured by higher layers|
'01' lAperiodic zero-power CSI-RS resources 2 configured by higher layers
'10' lAperiodic zero-power CSI-RS resources 3 configured by higher layers
11 IAperiodic zero-power CSI-RS resources 4 configured by higher layers|

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.
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A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 46 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 — 46 of aserving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 46 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.

For aLAA Scell, the UE is not expected to be configured with quasi co-location type B.

7.1.11 PDSCH subframe assignment for BL/CE UE

A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the
corresponding PDSCH in subframe(s) n+k; withi = 0, 1, ..., N-1 according to the MPDCCH, where

- subframe n isthe last subframe in which the MPDCCH is transmitted and is determined from the starting
subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;
and

- subframe(s) n+k withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s) where, x=ko<ki<...,kn.1 and the
valueof N e {nl, n2,...n,,. s isdetermined by the repetition number field in the corresponding DCI, where

nLn2,... N, aegivenin Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively and subframe n+x is
the second BL/CE DL subframe after subframe n.

For BL/CE UEs, and for a PDSCH transmission starting in subframe n+ko without a corresponding MPDCCH, the UE
shall decode the PDSCH transmission in subframe(s) n+k withi = 0, 1, ..., N-1, where

- subframe(s) n+k; withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s), where O<ko<ki<...,kn-1 and the
valueof N e {n], n2,...n., ; isdetermined by the repetition number field in the activation DCI, where

nLn2,...n,, aegivenin Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively.

If PDSCH carrying SystemlnformationBlockTypel-BR is transmitted in one narrowband in subframe n+k;, a BL/CE UE
shall assume any other PDSCH in the same narrowband in the subframe n+k; is dropped. If PDSCH carrying Sl
message is transmitted in one narrowband in subframe n+k;, a BL/CE UE shall assume any other PDSCH not carrying
Systeml nformationBlockTypel-BR in the same narrowband in the subframe n+k; is dropped.

For single antenna port (port 0), transmit diversity and closed-loop spatial multiplexing transmission schemes, if a
PDSCH istransmitted in BL/CE DL subframe n+k; and BL/CE DL subframe n+k; is configured as an MBSFN
subframe, a BL/CE UE shall assume that the PDSCH in subframe n+k; is dropped.

For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1A, the UE shall use the
higher layer parameter pdsch-maxNumRepetitionCEmodeA-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeA in
Table7.1.11-1.

For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1B, the UE shall use the
higher layer parameter pdsch-maxNumRepetitionCEmodeB-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeB in
Table7.1.11-2.

For aBL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and configured with higher
layer parameter ce-HARQ-AckBundling, and 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, the UE

shall assume N=nl=1.
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Table 7.1.11-1: PDSCH repetition levels (DCI Format 6-1A)

Higher layer parameter
'pdsch- {n1,n2,n3,n4}
maxNumRepetitionCEmodeA'
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32}

Table 7.1.11-2: PDSCH repetition levels (DCI Format 6-1B)

Higher layer parameter
'pdsch-mngum)é%ep%titionCEmodeB' {nl’ n2,.., n8}

Not configured {4,8,16,32,64,128,256,512}
192 {1,4,8,16,32,64,128,192}
256 {4,8,16,32,64,128,192,256}
384 {4,16,32,64,128,192,256,384}
512 {4,16,64,128,192,256,384,512}
768 {8,32,128,192,256,384,512,768}
1024 {4,8,16,64,128,256,512,1024}
1536 {4,16,64,256,512,768,1024,1536}
2048 {4,16,64,128,256,512,1024,2048}

Table 7.1.11-3: PDSCH repetition levels (DCI Format 6-2)

2-bit "DCI subframe repetition number"
field in DCI Format 6-2 L,n2,...,n8}
00 {1,2,4,8,16,32,64,128}
01 {4,8,16,32,64,128,192,256}
10 {32,64,128,192,256,384,512,768}
11 {192,256,384,512,768,1024,1536,2048}
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7.2 UE procedure for reporting Channel State Information (CSI)

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

- When the procedures are applied for the primary PUCCH group, the terms 'secondary cell’, 'secondary cells,
'serving cell', and 'serving cells in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms 'secondary cell’, 'secondary cells,
'serving cell' and 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated otherwise.
The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

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

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), CSI-RS resource indicator (CRI), and/or rank
indication (RI) are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a Rl
corresponding to the number of useful transmission layers. For transmit diversity as givenin [3], Rl isequal to one.

A non-BL/CE UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer
parameter pmi-RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
For a UE in transmission mode 10,

- If aUE isnot configured with higher layer parameter eMIMO-Type, each CSI processis associated with a CSl-
RS resource (defined in Subclause 7.2.5) and a CSl-interference measurement (CSI-1M) resource (defined in
Subclause 7.2.6). A UE can be configured with up to two CSI-IM resources for a CS| processif the UE is
configured with CSI subframe sets Ccg o and Ccg 1 by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type and not configured with higher layer
parameter eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A', 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 a CSl processif the UE is
configured with CSl subframe sets Ccg o and Ccg 1 by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type and not configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type is set to 'CLASS B', each CSl process is associated with one or
more CSI-RS resource (defined in Subclause 7.2.5) and one or more CSl-interference measurement (CSI-1M)
resource (defined in Subclause 7.2.6). Each CSI-RS resource is associated with a CSI-IM resource by higher
layers. For a CSl process with one CSI-RS resource, a UE can be configured with CSI-IM resource for each CSI
subframe sets if the UE is configured with CSl subframe sets Ccg o and Ccg ;1 by the higher layer parameter

csi-ubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to
'CLASS A', and eMIMO-Type2 is set to 'CLASS B', each CSI processis associated with a CSI-RS resource
(defined in Subclause 7.2.5) and a CSl-interference measurement (CSI-1M) resource (defined in Subclause 7.2.6)
for eMIMO-Type, and one CSI-RS resource (defined in Subclause 7.2.5) and one CSl-interference measurement
(CSI-IM) resource (defined in Subclause 7.2.6) for eMIMO-Type2. A UE can be configured with up to two CSI-
IM resources for each eMIMO-Type and eMIMO-Type2 of a CSl process if the UE is configured with CSI
subframe sets Ccg o and Ceg ; by the higher layer parameter csi-SubFramePatternConfig-ri2 for the CSI

process.

- If the UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to
'CLASS B', and eMIMO-Type2 is set to 'CLASS B', each CS| process is associated with more than one CSI-RS
resource (defined in Subclause 7.2.5) and more than one CSl-interference measurement (CSI-1M) resource
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(defined in Subclause 7.2.6) with association of each CSI-RS resource with a CSI-IM resource by higher layers
for eMIMO-Type, and one CSI-RS resource (defined in Subclause 7.2.5) and one CSl-interference measurement
(CSI-IM) resource (defined in Subclause 7.2.6) for eMIMO-Type2.

For aUE in transmission mode 10, a CSl reported by the UE corresponds to a CSI process configured by higher layers.
Each CSI process can be configured with or without PMI/RI reporting by higher layer signalling.

If aUE is configured with a serving cell with frame structure 3, the UE is not required to update measurements for more
than 5 CSI processes in a subframe, in case the total number of serving cellsis no more than 5. If a UE is configured
with more than 5 serving cells, and if the UE is configured with a serving cell with frame structure 3, the UE is not

required to update measurements for morethan N y CSl processes in asubframe, where the value of N y isgiven by
maxNumber UpdatedCS -Proc-r13.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term 'CSI process
in this Subclause refers to the CSI configured for the UE.

For a UE in transmission mode 9, and if the UE is configured with higher layer parameter eMIMO-Type, and,

- UEisnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Type is set to 'CLASS A', each
CSl processis associated with a CSI-RS resource (defined in Subclause 7.2.5).

- UE isnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B', each CSl
process is associated with one or more CSI-RS resource (defined in Subclause 7.2.5).

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Type is set to 'CLASS A" and eMIMO-
Type2 isset to 'CLASS B', each CS| processis associated with a CSI-RS resource (defined in Subclause 7.2.5)
for eMIMO-Type, and a CSI-RS resource (defined in Subclause 7.2.5) for eMIMO-Type2.

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B' and eMIMO-
Type2 is set to 'CLASS B', each CSl processis associated with more than one CSI-RS resource (defined in
Subclause 7.2.5) for eMIMO-Type, and a CSI-RS resource (defined in Subclause 7.2.5) for eMIMO-Type2.

For a CSl process, and if a UE is configured in transmission mode 9 or 10, and UE is not configured with higher layer
parameter pmi-RI-Report, and UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'CLASS B', and the number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource is
more than one, the UE is considered to be configured without PM1 reporting.

For a UE configured in transmission mode 9 or 10, UE is not expected to be configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeisset to ‘CLASS B’, and more than one CSI-RS resource configured, and the number
of CSI-RS resource configured with one antenna port is not equal to total number number of CSI-RS resources
associated with the CSI process.

A UE is configured with resource-restricted CSI measurements if 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-
ri2.

CSl reporting is periodic or aperiodic.

A BL/CE UE configured with CEModeB is not expected to be configured with either aperiodic CSl or periodic CSI
reporting.

If the UE is configured with more than one serving cell, it transmits CSl for activated serving cell(s) only.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSl reporting on
PUSCH of the serving cell with smallest ServCelllndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.
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Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSl report in that subframe. If the aperiodic CSI reporting occurs on an LAA SCell, the UE shall assume that
the UL channel access procedure, as described in clause 15.2, is successful to determine whether periodic and aperiodic
CSl reporting would occur in the same 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 CSI subframe set configured by
altCQI-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

For anon-BL/CE UE, 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 aRI 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 mode 3, a UE shall determine RI as defined in Subclause 5.2.2.6 of [4] in each reporting
interval and report the detected number in each RI report to support selection between transmit diversity and large delay
CDD.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type,
except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B, and the
number of configured CSI-RS resources is more than one for a CSl process, the UE shall determine a CRI from the
supported set of CRI values as defined in Subclause 5.2.2.6 of [4] and report the number in each CRI report, where CRI
value 0 corresponds to the configured csi-RS-ConfigNZPId, first entry of csi-IM-ConfigldList, first entry of p-C-
AndCBSR-PerResourceConfigList, and alter nativeCodebookEnabledFor4TXProc, and CRI value k (k>0) corresponds
to the configured k-th entry of csi-RS-ConfigNZPIdListExt, (k+1)-th entry of csi-IM-ConfigldList, (k+1)-th entry of p-C-
AndCBSR-PerResourceConfigList, and k-th entry of ace-For4Tx-PerResourceConfigList.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type
set to 'CLASS B' and high layer parameter csi-RS- NZP-mode set to 'multiShot', and the number of activated CSI-RS
resources is more than one for a CSl process, the UE shall determine a CRI from the supported set of CRI values as
defined in subclause 5.2.2.6 of [4] and report the number in each CRI report, where, if csi-RS-ConfigNZPId is activated,
CRI value 0 corresponds to the activated csi-RS-ConfigNZPId, first entry of csi-IM-ConfigldList, p-C-AndCBSR-
PerResourceConfigList, and alter nativeCodebookEnabledFor4TXProc, and CRI value k (k>0) correspondsto the
(k+1)-th activated CSI-RS resource, which is associated with I-th entry of csi-RS-ConfigNZPIdListExt, (I+1)-th entry of
csi-IM-ConfigldList, (I1+1)-th entry of p-C-AndCBSR-PerResourceConfigList, and I-th entry of ace-For4Tx-
PerResourceConfigList; If csi-RS-ConfigNZPId is not activated, CRI value k corresponds to the (k+1)-th activated CSI-
RS resource, which is associated with I-th entry of csi-RS-ConfigNZPIdListExt, (I+1)-th entry of csi-IM-ConfigldList,
(I+2)-th entry of p-C-AndCBSR-PerResourceConfigList, and I-th entry of ace-For4Tx-PerResourceConfigList.

For anon-BL/CE UE, when reporting PMI the UE reports either a single or amultiple PMI report. The number of RBs
represented by asingle UE PMI report canbe N5 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, RI and PTI
within a precoder codebook subset specified by one or more bitmap parameter(s) codebookSubsetRestriction,
codebookSubsetRestriction-1, codebookSubsetRestriction-2, codebookSubsetRestriction-3 configured by higher layer
signaling.
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For a UE configured in transmission mode 10 and the UE not configured with higher layer parameter eMIMO-Type for
aCSl process, or for a UE configured in transmission mode 9 or 10 and the UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured and except with higher layer
parameter alter nativeCodebookEnabledCLASSB _K1=TRUE configured for a CSl process, the bitmap parameter
codebookSubsetRestriction is configured for each CSI process and each subframe sets (if subframe sets Ccg o and

Ccs1 areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10 and for a CSl process and the UE configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured and except with
higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE configured for eMIMO-Type2 of the CSI
process, the bitmap parameter codebookSubsetRestriction is configured for eMIMO-Type2 of each CS| process and each
subframe sets (if subframe sets Ccg o and Cgg ; areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A’, the bitmap parameters codebookSubsetRestriction-1,
codebookSubsetRestriction-2 is configured for the CSI process and each subframe sets (if subframe sets Ccg o and

Ccs1 areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSl process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and higher layer
parameter alter nativeCodebookEnabledCLASSB K1=TRUE, the bitmap parameter codebookSubsetRestriction-3 is
configured for the CSI process and each subframe sets (if subframe sets Ccg g and Ccg 1 areconfigured by higher

layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and the UE configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured, and higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of the CSl process, the bitmap
parameter codebookSubsetRestriction-3 is configured for eMIMO-Type2 of the CS| process and each subframe sets (if
subframe sets Ccg ¢ and Ccg 1 areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CS| process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and more than one CSI-RS resource configured, the
bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CS| process and each
subframe sets (if subframe sets Ccg o and Cgg ; areconfigured by higher layers) by higher layer signaling.

For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder
codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant
transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission
modes 8, 9 and 10 with PMI/RI reporting, and transmission mode 9 and 10 without PMI reporting. The resulting
number of bits for each transmission mode are given in Table 7.2-1b, Table 7.2-1d, Table 7.2-1e, and Table 7.2-1f. The
bitmap parameter codebookSubsetRestriction, codebookSubsetRestriction-1 or codebookSubsetRestriction-3 forms the

bit sequence @, ;,...,83,&,,8,, 3, where @, isthelLSB and a, , isthe MSB and where abit value of zero

indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The bitmap
parameter codebookSubsetRestriction-2 forms the bit sequence bg _y,...,b3,b,, by, ywhere ky, istheLSB and bg _;is

the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to
precoder(s) associated with the bit. The association of bitsto precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a 2antennaports: bit &, ,, 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. 4antennaports bit &, ;, V= 2,3 4isassociated with the precodersin Table 6.3.4.2.3-2 of [3]

corresponding to 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].
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2. Transmission mode 4

a2 antennaports: see Table 7.2-1c

b.

4 antenna ports: bit aq(,_q),; IS 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

a2 antennaports: bit a is associated with the precoder for v =1 layer with codebook index iC in

b.

Table6.3.4.2.3-1 of [3].

4 antenna ports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table6.3.4.2.3-2 of [3].

4. Transmission mode 8

a 2 antennaports: see Table 7.2-1c

b.

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
Ayg(p-1)+i, |Sassociated with the precoder for v layers and with codebook index iC inTable

6.3.4.2.3-2 of [3], v=1,2.

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit @, y),; Is
associated with the precoder for v layers (ve{1,2) and codebook index i, and bit A i16(p-1)+i, 1S

associated with the precoder for v layers (ve{1,2) and codebook index i, . Codebook indices i, and
i, aregiveninTable7.2.4-0A or 7.2.4-0B, for v=1or 2 respectively.

5. Transmission modes 9 and 10

a2 antennaports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-

Typeisset to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process, or when a UE configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE for
eMIMO-Type2 of a CSl process. see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSl
process the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'‘CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE or for a CSl process the UE is configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE for
eMIMO-Type2 of aCSl process: bit a1, 1S associated with the precoder for v layersand

with codebook index i in Table 6.3.4.2.3-2 of [3].

4 antenna ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured except when a UE
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to '"CLASS B', and one
CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process, or when a UE configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B, and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for

eMIMO-Type2 of a CSl process: bit @,q,_y,; isassociated with the precoder for v layers (ve{1,2})
and codebook index i, and bit B3.16(v-1)4i, 1S @ssociated with the precoder for v layers (ve{1,234

) and codebook index i, . Codebook indices i, and i, aregiveninTable7.2.4-0A,7.2.4-0B, 7.2.4-
0C or 7.2.4-0D, for v=1,2,3 or 4 respectively.
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d. 8 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto 'CLASS A', or for when a UE configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process, or for when a UE configured
with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for

eMIMO-Type2 of aCSl process: bit a; Wo-1)+, is associated with the precoder for v layers(
ve{123456,7,8) and codebook index i, where f1(") ={0,16,32,36,40,44,4852 } and bit
853, g1(p-1)-+i, IS @ssociated with the precoder for v layers (ve{1,234}) and codebook index i,

where gl() ={0,16,32,48 }. Codebook indices i, and i, aregivenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3,
7.2.4-4,7.2.45,7.2.4-6, 7.2.4-7, or 7.2.4-8, for v=1,2,3,4,5,6,7, or 8 respectively.

e. 8,12, 16, 20, 24, 28, and 32 antenna ports and for a CSl process the UE is configured with higher
layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A" bit ay,0,1+m IS associated with
the precoder based on the quantity v, ., 1=01,..,N,0, -1, m=01,..,N,0, -1 and bit aN,0,N,0, +-1
is associated with the precoder for v layers (ve{1234,56,7.8). The quantity v, ., isdefinedin
Subclause 7.2.4. Bit by(,_1,i, isassociated with the precoder for v layers(ve{1234) and

codebook index i, where g() isgivenin Table7.2-1g. Codebook index i, isgivenin Table7.2.4-
10, 7.2.4-11, 7.2.4-12, 7.2.4-13, 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, for v=1,2,3,4,5,6,7, or 8
respectively.

f. 2,4, or 8 antenna ports and for a CSI process the UE is configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE, or the UE is configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for

eMIMO-Type?2 of the CSI process: bit &, (0-D)+i, is associated with the precoder for v layersand

codebook index i, where pe{12 and f()={0,4} for 2 antennaports, ve{1,234 and
f()={0816,20} for 4 antennaports, and ve{1,23456,7,8 and f()={016324856575859} for 8
antenna ports. Codebook index i. isgivenin Table7.2.4-18, 7.2.4-19, or 7.2.4-20, for 2,4, or 8
antenna ports respectively.

For aBL/CE UE, when reporting PMI the UE reports asingle PMI report. A UE isrestricted to report PMI within a
precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer
signalling. 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 6 and 9. The resulting
number of bits for each transmission mode is given in Table 7.2-1b. The bitmap forms the bit sequence

Ap 1y 85,8,,8,8, Where @, istheLSBand a, , isthe MSB and where abit value of zero indicates that the

PMI 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:
- Transmission mode 6
- 2 antennaports: bit a,.c is associated with the precoder for v =1 layer with codebook index | cinTable
6.3.4.2.3-1 of [3].

- 4 antenna ports: bit a,.c is associated with the precoder for v =1 layer with codebook index | cinTable
6.3.4.2.3-2 of [3].

- Transmission mode 9

- 2 antennaports: bit a isassociated with the precoder for v =1 layer with codebook index iC inTable
6.3.4.2.3-1 of [3].
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- 4 antennaports: bit a,.c is associated with the precoder for v =1 layer and with codebook index i.in Table
6.3.4.2.3-2 of [3].

Table 7.2-1b: Number of bits in codebook subset restriction codebookSubsetRestriction 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 alternativeCodeE}ookEnabIeder4TX- 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 -
1 a1 a4
2 az as
3 as -

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

Number of bits A,

Transmission modes 9
and 10 N,O;N,O, +8

Table 7.2-1e: Number of bits in codebook subset restriction codebookSubsetRestriction2 bitmap for
applicable transmission modes

Value of codebookConfig Number of bits A,
1 12
Transmission modes 9 2 56
and 10 3 56
4 56
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Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for

applicable transmission modes

Number of bits A,

2 sl 4 antenna ports 8 antenna ports
ports
Transmission modes 9
and 10 6 22 60

Table 7.2-1g: g(-) for a CSl process with eMIMO-Type set to 'CLASS A'

Value of codebookConfig a()
1 {04810}
2 {016,32,48}
3 {016,32,48}
4 {016,32,48}

For anon-BL/CE UE, the set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system
bandwidth. A subband is a set of k contiguous PRBs where k is a function of system bandwidth. Note the last subband

in set Smay have fewer than k contiguous PRBs depending on NR; . The number of subbands for system bandwidith

given by N% isdefined by N = (N ,% /k-‘ . The subbands shall be indexed in the order of increasing frequency and
non-increasing sizes starting at the lowest frequency.

For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, and
transmission modes 9 and 10 without PMI reporting and RI=1, a single 4-bit wideband CQI is reported.

For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, CQI is calculated assuming transmission of one codeword
for RI=1 and two codewords for Rl > 1.

For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PM| reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-hit wideband CQI for codeword O
- A 4-hit wideband CQI for codeword 1

For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PM| reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-bit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatia differential CQI value to the offset level is shownin Table 7.2-
2.
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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|F|O

7.2.1  Aperiodic CSI Reporting using PUSCH

Theterm "UL/DL configuration” in this Subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

A non-BL/CE UE shall perform aperiodic CSl reporting using the PUSCH in subframe n+k on serving cell ¢, upon
decoding in subframe n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,
for serving cell ¢ if the respective CSl request field is set to trigger areport and is not reserved.

For aserving cell cthatisaLAA SCell, aperiodic CSI reporting using the PUSCH in subframe n+k is conditioned on
if the UE is allowed to transmit in the subframe according to the channel access procedures described in clause 15.2.1.

A BL/CE UE shall perform aperiodic CSI reporting using the PUSCH upon decoding either:
- anuplink DCI format [4], or
- aRandom Access Response Grant,

for serving cell c if therespective CSl request field is set to trigger areport and is not reserved. The subframe(s) in
which the PUSCH carrying the corresponding aperiodic CS| reporting triggered by an UL DCI format is transmitted is
determined according to Subclause 8.0.

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9 and the UE is not configured with
csi-SubframePatternConfig-r12 for any serving cell, areport istriggered for serving cell c, if the CSI request field is
set to 1. If the UE is configured with higher layer parameter eMIMO-Type2 for the aperiodic CSI on the serving cell ¢
, the report is for a higher layer configured eMIMO type of the aperiodic CSl configured for the UE on the serving cell
c. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of activated CSI-RS
resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to '1' for the serving
cell ¢, thereport isfor the activated CSI-RS resource for the serving cell c.

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 CSl 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 is set to '1'. If the UE is configured with higher layer parameter eMIMO-
Type2 for a CSl process of the triggered set of CSl process(es), the report is for a higher layer configured eMIMO type
associated with the value of CSI request field of '01' for the CSI process. If the UE is configured with higher layer
parameter csi-RS-ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter
number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CS| process(es), the
report is for the activated CSI-RS resource for the CSI process.

If the CSI request field sizeis 2 bits and the UE is configured in transmission mode 1-9 for all serving cells and the UE
is not configured with csi-SubframePatternConfig-r 12 for any serving cell, areport is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter
eMIMO-Type2 for the aperiodic CSI on a serving cell of the triggered set of serving cells, the report is for a higher layer
configured eMIMO type associated with the value of CS| request field of the aperiodic CSI configured for the UE on
the serving cell. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
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activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for aserving cell of the triggered set of serving cells, the report is for the activated CSI-RS resource for the serving
cell.

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 UE is configured with higher layer parameter
eMIMO-Type2 a CSl process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO
type associated with the value of CSI request field for the CSI process. If the UE is configured with higher layer
parameter csi-RS-ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter
number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a serving cell of the triggered set of serving cells, the report
isfor the activated CSI-RS resource for the serving cell.

If the CSI request field is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-ri2
for at least one serving cell, areport istriggered for a set 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 { CSI process, CSI
subframe set} -pair(s) associated with the value of CSl request field of '01' in Table 7.2.1-1C, if the CSI request field is
set to '1'. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSI process of the triggered set of

CSl process(es) for serving cell ¢, the report isfor ahigher layer configured eMIMO type associated with the value of
CSl request field of '01' for the CSI process for serving cell c. If the UE is configured with higher layer parameter csi-
RS-ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CSI process(es), the
report is for the activated CSI-RS resource for the CSI process for the serving cell c.

If the CSl request field sizeis 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport is triggered according to the value in Table 7.2.1-1C
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSI process. If the UE is configured with higher layer parameter csi-RS-
ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CSI process(es), the
report is for the activated CSI-RS resource for the CSl process.

If the CSI request field sizeis 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, and UE is not configured with higher layer parameter csi-RS-
ConfigNZP-ApList or UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for each CSl process, areport istriggered according to the value in Table 7.2.1-1D corresponding to aperiodic CSI
reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSI process of the triggered set of
CSl process(es), the report isfor a higher layer configured eMIMO type associated with the value of CSI request field
for the CSl process. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for a CSl process of the triggered set of CSl process(es), the report isfor the activated CSI-RS resource for the CSI
process.

If the CSI request field size is 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, and UE is not configured with higher layer parameter csi-RS
ConfigNZP-ApList or UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for each CSI process, areport istriggered according to the value in Table 7.2.1-1E corresponding to aperiodic CSl
reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl process of the triggered set of
CSl process(es), the report is for a higher layer configured eMIMO type associated with the value of CSI request field
for the CSl process. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for a CSl process of the triggered set of CS| process(es), the report is for the activated CSI-RS resource for the CSI
process.

If the CSI request field size is 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, and UE is configured with higher layer parameter csi-RS-ConfigNZP-
ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resourcesis set to more than '1' for at least one CS| process, areport is triggered for
serving cell ¢ according to the value in Table 7.2.1-1F corresponding to aperiodic CSl reporting. If the UE is
configured with higher layer parameter eMIMO-Type2 for a CSl process of the triggered set of CSI process(es), the
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report isfor ahigher layer configured eMIMO type associated with the value of CSI request field for the CSI process
for serving cell c.

If the CSI request field sizeis 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-ri2 for at least one serving cell, and UE is configured with csi-RS-ConfigNZP-ApList and the
number of activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS
Resources is set to more than '1' for at least one CS| process, areport istriggered for serving cell ¢ according to the
valuein Table 7.2.1-1G corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter
eMIMO-Type2 for a CSI process of the triggered set of CSI process(es), the report isfor ahigher layer configured
eMIMO type associated with the value of CSI request field for the CSI process for serving cell c.

If the CSI request field sizeis 4 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered according to the valuein Table 7.2.1-1H
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSl process.

If the CSI request field size is 4 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport is triggered according to the value in Table 7.2.1-11
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSl| process.

If the CSI request field sizeis 5 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered according to the value in Table 7.2.1-1J
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSl process.

If the CSI request field sizeis 5 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 7.2.1-1K
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CS| process.

If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList for a CSI process of the triggered set of
CSl process(es), the UE shall assume the CSI-RS resource associated with the value of CSI request field for the CSI
processis present in subframe n.

For agiven serving cell, if the UE is configured in transmission modes 1-9, the "CSl process' in Table 7.2.1-1B, Table
7.2.1-1C, Table 7.2.1-1D, and Table 7.2.1-1E refersto the aperiodic CSl configured for the UE on the given serving
cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1% and 2™
set of CSl process(es) in Table 7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CS
processes and/or { CSI process, CSI subframe set} -pair(s) in each of the 1% and 2™ set of CSI process(es) and/or { CS
process, CSl subframe set} -pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more
than one instance of the same CSI processin each of the higher layer configured sets associated with the value of CSI
request field of '01', '10', and '11'in Table 7.2.1-1B and Table 7.2.1-1C respectively. A UE is not expected to be
configured by higher layers with more than 32 CSI processes in each of the 1% to 6™ set of CSI process(es) in Table
7.2.1-1D. A UE is not expected to be configured by higher layers with more than 32 CSI processes and/or { CS| process,
CSl subframe set} -pair(s) in each of the 1% to 61 set of CSI process(es) and/or { CSI process, CSl subframe set} -pair(s)
in Table 7.2.1-1E. A UE is not expected to be configured by higher layers with more than one instance of the same CSl
process in each of the higher layer configured sets associated with the value of CSl request field of '001', ‘010", '011',
'100', '101','110'and '111' in Table 7.2.1-1D, Table 7.2.1-1E, Table 7.2.1-1F, and Table 7.2.1-1G respectively. A UE is
not expected to be configured by higher layers with more than 32 of { CSI process, CSI-RS resource} in each of the 1%
to 71 set of { CSI process, CSI-RS resource} in Table 7.2.1-1F. A UE is not expected to be configured by higher layers
with more than 32 { CSl process, CSI-RS resource} and/or { CSl process, CSI subframe set, CSI-RS resource} in each
of the 1% to 7" set of { CSI process, CSI-RS resource} and/or { CSI process, CSl subframe set, CSI-RS resource} in
Table 7.2.1-1G. A UE is not expected to be configured by higher layers with more than 32 of { CSI process, CSI-RS
resource} in each of the 1% to 14™ set of { CSI process, CSI-RS resource} in Table 7.2.1-1H. A UE is not expected to be
configured by higher layers with more than 32 { CSl process, CSI-RS resource} and/or { CSI process, CSl subframe set,
CSI-RS resource} in each of the 1% to 14" set of { CSI process, CSI-RS resource} and/or { CSI process, CS| subframe
set, CSI-RSresource} in Table 7.2.1-11. A UE is not expected to be configured by higher layers with more than one
instance of the same CSl process in each of the higher layer configured sets associated with the value of CSI request
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field of '0001', '0010', '0011, '0100', '0101', '0110', '0111', '1000, '1001', '1010', '1011', '1100', '1101', '1110', '1111"in
Table 7.2.1-1H, and Table 7.2.1-1I respectively. A UE is not expected to be configured by higher layers with more than
32 of { CSl process, CSI-RS resource} in each of the 1% to 30" set of { CSI process, CSI-RS resource} in Table 7.2.1-1J.
A UE is not expected to be configured by higher layers with more than 32 { CSI process, CSI-RS resource} and/or { CSI
process, CSI subframe set, CSI-RS resource} in each of the 1% to 30" set of { CSI process, CSI-RS resource} and/or
{CSl process, CSl subframe set, CSI-RS resource} in Table 7.2.1-1K. 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 '00001', '00010', '00011', '00100', '00101', ‘00110, '00111', '01000', '01001', '01010',
‘01011, '01100, ‘01101, '01110, '01111', '10000', '10001', '10010', '10011', 10100, '10101', 10110, '10111', '11000',
'11001', '11010, '11011', '11100, '11101, '11110, '11111" in Table 7.2.1-1J, and Table 7.2.1-1K respectively.

A UE is not expected to receive more than one aperiodic CSl report request for a given subframe.

If a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2 for a CSl process, and eMIMO-Type
issetto 'CLASS A, and eMIMO-Type2 is set to "CLASS B’ with one CSI-RS resource configured, the UE on reception
of an aperiodic CSI report request triggering a CSl report for eMIMO-Type2 of the CSI process is not expected to
update CSI for eMIMO-Type2 (ncqi_ref -1) (defined in Subclause 7.2.3) subframes before or (Ncqi ref -1) Subframes after
the subframe comprising the non-zero power CSI-RS (defined in [3]) within the CSI-RS resource associated with
eMIMO-Type of the CSI process.

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 Nu unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSl process associated with a CSl request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding

CSl istransmitted, and NCS,_P is the maximum number of CSI processes supported by the UE for the serving cell,
and:

- forFDD servingcell N, = Ng_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 in the UE-EUTRA-Capability, the UE assumesavalue of Ng_p that

is consistent with its CSI process configuration. If more than one consistent value of Nq_p exists, the UE may
assume any one of the consistent values.

If aUE is configured with multiple cell groups, and if the UE receives multiple aperiodic 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 CSl processes from the CSI processes corresponding to all the triggered CSl reports.

If aUE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSl report, the UE is
not required to update CSI for more than 5 CSl processes from the CSI processes corresponding to all the triggered CSI
reports, in case the total number of serving cellsin the primary and secondary PUCCH group isno more than 5. If aUE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe

triggering morethan N y CSl reports, the UE is not required to update CSI for morethan N y CSl processes from the

CSl processes corresponding to all the triggered CSI reports, where the valueof N y is given by nMaxProc-r14 if csi-

RS-ConfigNZP-ApList is configured for at least one CSI process for which aperiodic CSI report is requested, otherwise,
by maxNumberUpdatedCS -Proc-r13.
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Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSl request field Description
'00' No aperiodic CSlI report is triggered
‘01" Aperiodic CSl report is triggered for serving cell ¢
'10' Aperiodic CSlI report is triggered for a 1% set of serving cells configured by higher layers
'11' Aperiodic CSI 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 offpSI request Description

ield

‘00’ No aperiodic CSl report is triggered

01" Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for

serving cell ¢

'10' Aperiodic CSlI 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/MPDCCH with uplink DCI format in UE specific
search space

Value of CSI L
request field DIEE A
'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 1% set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
11 Aperiodic CSI report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space

Value of CSI o

request field Description
'000' No aperiodic CSl report is triggered
001" Apgriodic CSl report is triggered for a set of CSI process(es) configured by higher layers for

serving cell C

'010' Aperiodic CSlI report is triggered for a 1% set of CSI process(es) configured by higher layers
'011' Aperiodic CSI report is triggered for a 2" set of CSI process(es) configured by higher layers
'100' Aperiodic CSI report is triggered for a 3" set of CSI process(es) configured by higher layers
'101 Aperiodic CSI report is triggered for a 4" set of CSI process(es) configured by higher layers
'110' Aperiodic CSI report is triggered for a 5" set of CSI process(es) configured by higher layers
111" Aperiodic CSI report is triggered for a 6" set of CSI process(es) configured by higher layers
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Table 7.2.1-1E: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
VEle @ Gl Description
request field P

‘000 No aperiodic CSlI report is triggered

001" Aperiodic CSlI report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell ¢

010" Aperiodic CSlI report is triggered for a 15t set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers

011" 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

" An Aperiodic CSI report is triggered for a 3 set of CSI process(es) and/or {CSI process, CSI

100 . ! ;
subframe set}-pair(s) configured by higher layers

A Aperiodic CSI report is triggered for a 4" set of CSI process(es) and/or {CSI process, CSI

101 : - h
subframe set}-pair(s) configured by higher layers

110 Aperiodic CSlI report is triggered for a 5" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

111" Aperiodic CSlI report is triggered for a 6" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

Table 7.2.1-1F: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of
reccl:usést Description
field
'000' No aperiodic CSl report is triggered
001" Aperio_dic CSl report is triggered for a 1 set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
010 Aperio_dic CSl report is triggered for a 2" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
011" Aperiogiic CSl report is triggered for a 3" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell C
100 Aperiogiic CSl report is triggered for a 4" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell C
101" Aperiodic CSl report is triggered for a 5" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell C
110 Aperiodic CSl report is triggered for a 6 set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell c
111" Aperiodic CSI report is triggered for a 7" set of {CSI process, CSI-RS resource} configured by higher layers

for serving cell ¢
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Table 7.2.1-1G: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
vele ai el Description
request field
'000' No aperiodic CSlI report is triggered
001" Aperiodic CSlI report is triggered for a 15t set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
010" Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
011" Aperiodic CSlI report is triggered for a 3™ set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
100 Aperiodic CSI report is triggered for a 4" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
101" Aperiodic CSI report is triggered for a 5" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
110 Aperiodic CSlI report is triggered for a 6" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
111" Aperiodic CSlI report is triggered for a 7" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢

Table 7.2.1-1H: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of
Csl o
request Description
field

‘0000 No aperiodic CSlI report is triggered

. . | Aperiodic CSI report is triggered for a set of {CSI process, CSI-RS resource} configured by higher layers for
0001 serving cell ¢

'0010' [ Aperiodic CSl report is triggered for a 15 set of {CSI process, CSI-RS resource} configured by higher layers

'0011' | Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} configured by higher layers

'0100' | Aperiodic CSI report is triggered for a 3™ set of {CSI process, CSI-RS resource} configured by higher layers

'0101' | Aperiodic CSI report is triggered for a 4™ set of {CSI process, CSI-RS resource} configured by higher layers

'0110' Aperiodic CSI report is triggered for a 5" set of {CSI process, CSI-RS resource} configured by higher layers

‘0111 Aperiodic CSI report is triggered for a 6" set of {CSI process, CSI-RS resource} configured by higher layers

'1000' | Aperiodic CSI report is triggered for a 7t set of {CSI process, CSI-RS resource} configured by higher layers

'1001' | Aperiodic CSlI report is triggered for a 8" set of {CSI process, CSI-RS resource} configured by higher layers

'1010' | Aperiodic CSI report is triggered for a 9™ set of {CSI process, CSI-RS resource} configured by higher layers

'1011' Aperiodic CSI report is triggered for a 10" set of {CSI process, CSI-RS resource} configured by higher layers

'1100' | Aperiodic CSI report is triggered for a 11% set of {CSI process, CSI-RS resource} configured by higher layers

'1101' | Aperiodic CSI report is triggered for a 12% set of {CSI process, CSI-RS resource} configured by higher layers

'1110' Aperiodic CSI report is triggered for a 13" set of {CSI process, CSI-RS resource} configured by higher layers

'1111 Aperiodic CSI report is triggered for a 14" set of {CSI process, CSI-RS resource} configured by higher layers
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Table 7.2.1-11: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
VEE Gif E5] Description
request field

‘0000 No aperiodic CSlI report is triggered

001" Aperiodic CSI report is triggered for a set of {CSI process, CSI-RS resogrce} and/or {CSI process,
CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢

0010’ Aperiodic CSlI report is triggered for a 15 set of {C_SI process,_CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

'0011" Aperiodic CSlI report is triggered for a 2" set of {QSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

'0100" Aperiodic CSlI report is triggered for a 3™ set of {C_SI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0101" Aperiodic CSI report is triggered for a 4" set of {C_SI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0110' Aperiodic CSlI report is triggered for a 5™ set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0111" Aperiodic CSlI report is triggered for a 6" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1000’ Aperiodic CSI report is triggered for a 7" set of {C_SI process,_CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1001" Aperiodic CSI report is triggered for a 8" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1010’ Aperiodic CSI report is triggered for a 9" set of {C_SI process,_CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

011" Aperiodic CSlI report is triggered for a 10" set of {@SI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1100" Aperiodic CSlI report is triggered for a 11" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1101 Aperiodic CSlI report is triggered for a 12" set of {_CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1110" Aperiodic CSlI report is triggered for a 13" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1111" Aperiodic CSlI report is triggered for a 14" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers
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Table 7.2.1-13: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of
Csl L
request Description
field

'‘00000' | No aperiodic CSlI report is triggered

. . | Aperiodic CSl report is triggered for a set of {CSI process, CSI-RS resource} configured by higher layers for

00001 :
serving cell C

'00010' | Aperiodic CSlI report is triggered for a 15 set of {CSI process, CSI-RS resource} configured by higher layers

'00011' | Aperiodic CSI report is triggered for a 2™ set of {CSI process, CSI-RS resource} configured by higher layers

'00100" | Aperiodic CSl report is triggered for a 3" set of {CSI process, CSI-RS resource} configured by higher layers

'00101' | Aperiodic CSI report is triggered for a 4™ set of {CSI process, CSI-RS resource} configured by higher layers

'00110' | Aperiodic CSI report is triggered for a 5 set of {CSI process, CSI-RS resource} configured by higher layers

'00111' | Aperiodic CSI report is triggered for a 6™ set of {CSI process, CSI-RS resource} configured by higher layers

'01000" | Aperiodic CSI report is triggered for a 7" set of {CSI process, CSI-RS resource} configured by higher layers

'01001' | Aperiodic CSI report is triggered for a 8" set of {CSI process, CSI-RS resource} configured by higher layers

'01010' | Aperiodic CSI report is triggered for a 9" set of {CSI process, CSI-RS resource} configured by higher layers

01011" Aperiodic CSI report is triggered for a 10" set of {CSI process, CSI-RS resource} configured by higher
layers

01100" Aperiodic CSI report is triggered for a 11" set of {CSI process, CSI-RS resource} configured by higher
layers

'01101" Aperiodic CSI report is triggered for a 121 set of {CSI process, CSI-RS resource} configured by higher
layers

01110" Aperiodic CSI report is triggered for a 13" set of {CSI process, CSI-RS resource} configured by higher
layers

01111" Aperiodic CSI report is triggered for a 14" set of {CSI process, CSI-RS resource} configured by higher
layers

10000" Aperiodic CSl report is triggered for a 15" set of {CSI process, CSI-RS resource} configured by higher
layers

10001" Aperiodic CSI report is triggered for a 16™ set of {CSI process, CSI-RS resource} configured by higher
layers

10010' Aperiodic CSI report is triggered for a 17" set of {CSI process, CSI-RS resource} configured by higher
layers

10011" Aperiodic CSl report is triggered for a 18" set of {CSI process, CSI-RS resource} configured by higher
layers

10100" Aperiodic CSI report is triggered for a 19" set of {CSI process, CSI-RS resource} configured by higher
layers

10101" Aperiodic CSI report is triggered for a 20" set of {CSI process, CSI-RS resource} configured by higher
layers

'10110" | Aperiodic CSlI report is triggered for a 215t set of {CSI process, CSI-RS resource} configured by higher layers

10111" Aperiodic CSl report is triggered for a 22" set of {CSI process, CSI-RS resource} configured by higher
layers

11000" Aperiodic CSI report is triggered for a 23 set of {CSI process, CSI-RS resource} configured by higher
layers

11001" Aperiodic CSI report is triggered for a 24" set of {CSI process, CSI-RS resource} configured by higher
layers

11010' Aperiodic CSI report is triggered for a 25" set of {CSI process, CSI-RS resource} configured by higher
layers

11011" Aperiodic CSI report is triggered for a 26™ set of {CSI process, CSI-RS resource} configured by higher
layers

11100' Aperiodic CSl report is triggered for a 27" set of {CSI process, CSI-RS resource} configured by higher
layers

11101" Aperiodic CSI report is triggered for a 28" set of {CSI process, CSI-RS resource} configured by higher
layers

11110' Aperiodic CSl report is triggered for a 29" set of {CSI process, CSI-RS resource} configured by higher
layers

11111° Aperiodic CSI report is triggered for a 30" set of {CSI process, CSI-RS resource} configured by higher
layers
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Table 7.2.1-1K: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search
space
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Value of
Csl .
request Description
field
'‘00000' | No aperiodic CSlI report is triggered
00001 Aperiodic CSl report is triggered for a set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
. . | Aperiodic CSl report is triggered for a 1% set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
00010 ; \
subframe set, CSI-RS resource} configured by higher layers
'00011" Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
'00100" Aperiodic CSI report is triggered for a 3™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 4" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
00101 ; A
subframe set, CSI-RS resource} configured by higher layers
00110" Aperiodic CSI report is triggered for a 51 set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
'00111" Aperiodic CSI report is triggered for a 6" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 7t set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01000 ; )
subframe set, CSI-RS resource} configured by higher layers
'01001" Aperiodic CSI report is triggered for a 8" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 9™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01010 : )
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 10" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01011 ) ;
subframe set, CSI-RS resource} configured by higher layers
'01100" Aperiodic CSI report is triggered for a 11™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 12™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01101 ) ;
subframe set, CSI-RS resource} configured by higher layers
01110" Aperiodic CSI report is triggered for a 13™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 14™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01111 ) )
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 15" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10000 ; .
subframe set, CSI-RS resource} configured by higher layers
10001" Aperiodic CSI report is triggered for a 16™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 17t set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10010 ; .
subframe set, CSI-RS resource} configured by higher layers
10011" Aperiodic CSl report is triggered for a 18" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
10100" Aperiodic CSI report is triggered for a 19™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 20™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10101 ) ;
subframe set, CSI-RS resource} configured by higher layers
10110" Aperiodic CSlI report is triggered for a 215! set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 22" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10111 ) .
subframe set, CSI-RS resource} configured by higher layers
11000" Aperiodic CSI report is triggered for a 23 set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 24™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11001 ) )
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 25™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11010 ) ;
subframe set, CSI-RS resource} configured by higher layers
11011" Aperiodic CSI report is triggered for a 26™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 27t set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11100 ) .
subframe set, CSI-RS resource} configured by higher layers
11101" Aperiodic CSI report is triggered for a 28™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 29" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11110 ) .
subframe set, CSI-RS resource} configured by higher layers
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Aperiodic CSI report is triggered for a 30" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI

11111 subframe set, CSI-RS resource} configured by higher layers

NOTE: PDCCH/EPDCCH/MPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI
format 0, DCI format 4 and DCI format 6-0A are herein referred to as uplink DCI format when common
behaviour is addressed.

For aserving cell cthatisnot aLAA SCell, and a non-BL/CE UE, when the CSI request field from an uplink DCI
format is set to trigger areport, for FDD k=4, and for TDD UL/DL configuration 1-6, k is given in 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 isset to 0 and LSB of the UL index issetto 1, kisequal to 7; or if both MSB and LSB
of theUL index issetto 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).

For aserving cell cthatisaLAA SCell, when the CSI request field from an uplink DCI format is set to trigger a report,

-k corresponds to the scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI format is
0A/4A,

-k corresponds to the N-th scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI format
isOB/4Band N<2,

-k correspondsto the (N-1)-th scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI
formatisOB/4Band N > 2,

- vaueof Nisdetermined by the number of scheduled subframes field in the corresponding DCI format 0B/4B

For anon-BL/CE UE, when the CSI request field from a Random Access Response Grant is set to trigger areport and is
not reserved, kisequal to k; if the UL delay field in Subclause 6.2 is set to zero, where k; isgivenin Subclause
6.1.1. The UE shall postpone aperiodic CSI reporting to the next available UL subframe if the UL delay field isset to 1.

For aBL/CE UE, when the CSl request field from a Random Access Response Grant is set to trigger areport and is not
reserved, the subframe(s) in which the corresponding aperiodic CSl reporting is transmitted is determined according to
Subclause 6.1.1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and Rl and CRI is 1 subframe. The subband
size for CQI shall be the same for transmitter-receiver configurations with and without precoding.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CS| 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-gtatically configured by higher layersto feed back CQI and PMI and corresponding Rl and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below. For a BL/CE
UE the UE shall not transmit the RI for any CSI reporting mode in Table 7.2.1-1.

If a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, one of the following CSI reporting
modes given in Table 7.2.1-1 is configured only for eMIMO-Type2 and for any CSI reporting modein Table 7.2.1-1,

- the UE shall not transmit CQI and second precoding matrix indicator i, for eMIMO-Type;

- the UE shall not transmit RI for eMIMO-Type except if the maximum number of supported layers for spatial
multiplexing in DL by the UE is more than 2, then UE feeds back a 1-bit RI according to Table 7.2.1-1L;

- the UE shall transmit wideband first PMI for eMIMO-Type.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
B’ with more than one CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource
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configured, one of the following CSI reporting modes given in Table 7.2.1-1 is configured only for eMIMO-Type2 and
the UE shall not transmit CQI, PMI, RI for eMIMO-Type and the UE shall transmit CRI for eMIMO-Type for any CSI
reporting mode in Table 7.2.1-1.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

PUSCH CQl UE Selected
Feedback Type (subband CQI)

Wideband

(wideband COQI) Mode 1-0 | Mode 1-1 Mode 1-2

Mode 2-0 Mode 2-2

Higher Layer-configured

(subband CQI) Mode 3-0 | Mode 3-1 | Mode 3-2

Table 7.2.1-1L: Mapping of Rl field to RI

Value of Rl field | RI
0 1
1 3

For non-BL/CE UE and for each of the transmission modes defined in Subclause 7.1, the following reporting modes are

supported on PUSCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 2-0, 3-0, 1-0

: Modes 2-0, 3-0, 1-0

: Modes 2-0, 3-0, 1-0

:Modes 1-2, 2-2, 3-1, 3-2, 1-1

:Mode 3-1, 1-1

: Modes 1-2, 2-2, 3-1, 3-2, 1-1

: Modes 2-0, 3-0, 1-0

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

:Modes 1-2, 2-2, 3-1, 3-2, 1-1if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled; 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 and the UE is configured with higher layer
parameter advancedCodebookEnabled; modes 2-0, 3-0, 1-0 if the UE is configured without
PMI/RI reporting or without PMI reporting or number of CSI-RS ports=1 or the number of
CSI-RS portsin each of one or more CSI-RS resourcesin a CSl process is one when
eMIMO-Type or eMIMO-Type2 is set to 'CLASS B'; modes 1-1, 3-1 if the UE is configured
with higher layer parameter semiOpenLoop.

Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting and number

of CSI-RS ports > 1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled; 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 and the UE is configured with higher layer
parameter advancedCodebookEnabled; modes 2-0, 3-0, 1-0 if the UE is configured without
PMI/RI reporting or without PMI reporting or number of CSI-RS ports=1 or the number of
CSI-RS portsin each of one or more CSI-RS resourcesin a CSl processis one when
eMIMO-Type or eMIMO-Type2 isset to 'CLASS B'; modes 1-1, 3-1 if the UE configured
with higher layer parameter semi OpenLoop.

For a BL/CE UE configured with CEModeA, the following reporting modes are supported on PUSCH:

Transmission mode 1
Transmission mode 2
Transmission mode 6
Transmission mode 9

: Mode 2-0
: Mode 2-0
: Mode 2-0
: Mode 2-0
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For Transmission mode 6 and a BL/CE UE configured with a C-RNTI, the BL/CE UE reports CQI for the closed-loop
with spatial multiplexing PDSCH transmission scheme.

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

For anon-BL/CE UE, a serving cell with Ngé <7, PUSCH reporting modes are not supported for that serving cell.
For anon-BL/CE UE, RI isonly reported for transmission modes 3 and 4, as well astransmission modes 8, 9 and 10 with

PMI/RI reporting, and transmission modes 9 and 10 without PMI reporting.
For aBL/CE UE, RI is not reported.

If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl process, the higher layer parameter
eMIMO-Type in the rest of this Subclause refers to higher layer configured eMIMO type associated with the value of
CSl request field triggering aperiodic CSI reporting for the CSI process.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSl
process can be configured with a'RI-reference CSl process for the CSl process. If the UE is configured with a'RI-
reference CSl process for the CSl process, the reported RI for the CSI process shall be the same as the reported RI for
the configured 'RI-reference CSl process. The RI for the 'RI-reference CSl process is hot based on any other
configured CSI process other than the 'RI-reference CSI process. The UE is not expected to receive an aperiodic CSl
report request for a given subframe triggering a CSl report including CSI associated with the CSI process and not
including CSl associated with the configured 'RI-reference CSI process. If the UE is configured with a'RI-reference
CSl process for a CSI 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 CSI 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 CSl reporting mode, and/or
- number of CSI-RS antenna ports, and/or

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Cgg; arenot
configured by higher layers for both CSI processes, and/or

- set of restricted Rls 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 subframesets Ccg o and Ccg 1 are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

- number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS
B', and the number of configured CSI-RS resources is more than one for at least one of the two CSl processes
and if subframe sets Ccg o and Ccg 1 arenot configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CS| processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B', and the number of configured CSI-RS resources is more than one for at least
one of the two CSI processes and if subframe sets Ccg o and Ccg ; areconfigured by higher layersfor both

CSl processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CS
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B', and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
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and if subframe sets Ccg o and Ccg 1 areconfigured by higher layers for only one of the CSI processes, and
the set of restricted RIs for the two subframe sets are the same.

For anon-BL/CE UE, aRI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report or
CQI report without PMI reporting for that serving cell on that aperiodic reporting mode.

For a UE configured in transmission mode 9 or 10, and for a CS| process, if a UE is configured with parameter eMIMO-
Type configured by higher layers, except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Type
isset to 'CLASS B' and the number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher layer parameter eMIMO-Type set to
'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multi Shot’, and the number of activated CSI-RS
resources is more than one, and the total number of antenna ports across al configured CSI-RS resources is more than
15, the UE on reception of an aperiodic CSl report request triggering a CSl report in uplink subframe n is not expected
to update CRI corresponding to the CSI process if CRI for the CSl process has been reported and updated on or after
subframe n-5.

e Wideband feedback
o Mode 1-2 description:

o For aUE configured in transmission mode 9 or 10, and for a CSl process, if a UE is configured
with higher layer parameter eMIMO-Type, except with higher layer parameter csi-RS-NZP-mode.
configured, and eMIMO-Typeis set to 'CLASS B', and the number of configured CSI-RS
resources is more than one, and for a UE configured in transmission mode 9 or 10, and for aCSl
process, if a UE is configured with higher layer parameter eMIMO-Type set to 'CLASS B' and
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated CSI-RS
resources is more than one, the UE shall report one wideband CRI which is calculated assuming
transmission on set S subbands.

o For each subband a preferred precoding matrix is selected from the codebook subset assuming
transmission only in the subband

o A UE shal 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, if the UE is not configured with higher layer parameter eMIMO-Type or
advancedCodebookEnabled, or UE is configured in transmission mode 9 or 10 and
advancedCodebookEnabled=TRUE, and reported RI > 2, or UE reports CRI, or UE is
configured in transmission mode 9 or 10, and with higher layer parameter eMIMO-
Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured.

= UEisconfigured in transmission mode 9 or 10, and with higher layer parameter
eMIMO-Type, and eMIMO-Typeisset to 'CLASS A', in which case afirst precoding
matrix indicator i; isreported for the set S subbands and a second precoding matrix

indicator i, isreported for each set Ssubband, if the UE is not configured with higher

layer parameter advancedCodebookEnabled, or UE is configured with higher layer
parameter advancedCodebookEnabled=TRUE, and reported Rl > 2.

=  UEisconfigured in transmission mode 9 or 10, and with higher layer parameter
advancedCodebookEnabled=TRUE, and reported Rl <2, in which case afirst
precoding matrix indicator i, isreported for the set S subbands, arelative power

indicator |, isreported for the set S subbands and a second precoding matrix indicator
i isreported for each set S subband.
o Subband sizeisgiven by Table 7.2.1-3.
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For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value (if
reported) are calculated conditioned on the reported RI. For other transmission modes they are
reported conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

o Mode 1-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
S subbands.

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type, or UE reports CRI,
or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-
RS resource configured, and except with higher layer parameter
alter nativeCodebookEnabledCLASSB_K1=TRUE configured or when higher
layer parameter semiOpenLoop is configured and RI<3, in which case afirst
precoding matrix indicator is reported corresponding to the selected single
precoding matrix.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix, except when higher layer parameter
semiOpenLoop is configured and RI<3, in which case afirst precoding matrix
indicator is reported corresponding to the selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

o Mode 1-0 description:

O

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeis set to 'CLASS B', and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

If the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.
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otherwise,

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

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

The wideband CQI represents channel quality for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI valueis calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

o Higher Layer-configured subband feedback

o Mode 3-0 description:

@)

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeis set to 'CLASS B', and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.

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

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in al subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI
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For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter ¢csi-RSNZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

A UE shall report awideband CQI value which is calculated assuming transmission on
set Ssubbands

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 cal culated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

o Mode 3-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

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 all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type or
advancedCodebookEnabled, or UE is configured in transmission mode 9 or 10
and advancedCodebookEnabled=TRUE, and reported Rl > 2, or UE reports
CRI, or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or when higher
layer parameter semiOpenLoop is configured and RI<3, in which case afirst
precoding matrix indicator is reported corresponding to the selected single
precoding matrix.
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e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A’, in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix if the UE is not configured with higher layer
parameter advancedCodebookEnabled, or UE is configured with higher layer
parameter advancedCodebookEnabled=TRUE, and reported Rl > 2, except
when higher layer parameter semiOpenLoop is configured and RI<3, in which
case afirst precoding matrix indicator is reported corresponding to the selected
single precoding matrix.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter advancedCodebookEnabled=TRUE, and reported RI <2, inwhich
case afirst and second precoding matrix indicator and relative power indicator
are reported corresponding to the selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value
(if reported) are calculated conditioned on the reported RI. For other transmission
modes they are reported conditioned on rank 1. If CRI is reported, the reported PMI,
CQI, and RI values are calculated conditioned on the reported CRI.

o Mode 3-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
Ssubbands.

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

A UE shall report the selected single precoding matrix indicator for each set S subband
except with,

e 8 CSI-RS ports configured for transmission mode 9 and 10, or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set S subbands and also report a second precoding matrix
indicator for each set S subband, if the UE is not configured with higher layer
parameter eMIMO-Type or advancedCodebookEnabled, or UE is configured in
transmission mode 9 or 10 and advancedCodebookEnabled=TRUE, and
reported RI > 2, or UE reports CRI, or UE is configured in transmission mode
9 or 10, and with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to 'CLASS B', and one CSI-RS resource configured, and except with higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A’, in which case
afirst precoding matrix indicator i; isreported for the set Ssubbands and a
second precoding matrix indicator i, isreported for each set S subband if the
UE is not configured with higher layer parameter advancedCodebookEnabled,

or UE is configured with higher layer parameter
advancedCodebookEnabled=TRUE, and reported Rl > 2.
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e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter advancedCodebookEnabled=TRUE, and reported Rl <2, inwhich
case afirst precoding matrix indicator i; isreported for the set S subbands, a

relative power indicator |, isreported for the set Ssubbands, and a second
precoding matrix indicator i, isreported for each set S subband.

A UE shall report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value
(if reported) are calculated conditioned on the reported RI. For transmission mode 6
they are reported conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and
RI values are calculated conditioned on the reported CRI.

o 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 CQI value | Offset level
0 0
1 1
2 >2
3 <-1

o 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

oomb#%%

e UE-selected subband feedback

o Mode 2-0 description:

O

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process,, and eMIMO-Typeis set to 'CLASS B, and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

If the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
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codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

o otherwise,

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RSNZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
Ssubbands.

The UE shall select a set of M preferred subbands of size k (where k and M are given in
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.

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. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

o Mode 2-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RSNZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
Ssubbands.

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

= A UE shal report awideband 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 shal report the selected single precoding matrix indicator preferred for the M
selected subbands and the selected single precoding matrix indicator for al set S
subbands except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set S subbands, a second precoding matrix indicator for all set
S subbands and another second precoding matrix indicator for the M selected
subbands, if the UE is not configured with higher layer parameter eMIMO-
Type or advancedCodebookEnabled, or UE is configured in transmission mode
9 or 10 and advancedCodebookEnabled=TRUE, and reported Rl > 2, or UE
reports CRI, or UE is configured in transmission mode 9 or 10, and with higher
layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one
CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A’, in which case
the UE shall report afirst precoding matrix indicator i; for al set Ssubbands,

asecond precoding matrix indicator i, for all set Ssubbands and another
second precoding matrix indicator i, for or the M selected subbandsif the UE

is not configured with higher layer parameter advancedCodebookEnabled, or
UE is configured with higher layer parameter
advancedCodebookEnabled=TRUE, and reported Rl > 2.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter advancedCodebookEnabled=TRUE, and reported RI <2, inwhich
case the UE shall report afirst precoding matrix indicator i; for all set S

subbands, arelative power indicator |, isreported for all set Ssubbands, a

second precoding matrix indicator i, for all set Ssubbands and another
second precoding matrix indicator i, for or the M selected subbands.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value
(if reported) are calculated conditioned on the reported RI. For other transmission
modes they are reported conditioned on rank 1. If CRI is reported, the reported PMI,
CQI, and RI values are calculated conditioned on the reported CRI.

o For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

M-1 N_s
n r=
S
= wheretheset {5}".",(1<§ <N, §<s,) containsthe M sorted subband indices and

X
X
< >= (yj X2y is the extended binomia coefficient, resulting in unique label
4 0 x<y
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o The CQI vaue for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by
= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

o 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 a function of system bandwidth.

N
o Thenumber of bitsto denote the position of the M selected subbandsis L = {Iogz[M ﬂ .

For aBL/CE UE, the reported CQI values are calculated conditioned on rank 1.
- UE-selected subband feedback
- Mode 2-0 description:

- The UE shall report one wideband CQI value which is calculated assuming transmission on all
narrowband(s) in the CSI reference resource.

- If frequency hopping is configured for MPDCCH,

- the UE shall select M=1 preferred narrowband defined in Subclause 6.2.7 of [3] within the set of
narrowband(s) in which MPDCCH is monitored.

- the UE shall also report one CQI value reflecting transmission only over the selected narrowband
determined in the previous step.

- The CQI vaue for the M=1 selected narrowband is encoded differentially using 2-bitsrelative to its
respective wideband CQI as defined by

- Differential CQI offset level = selected narrowband CQI index — wideband CQI index
- Themapping from the 2-bit differential CQI value to the offset level is shown in Table 7.2.1-4.
- the UE shall report the positions of the M=1 selected narrowband according to Table 7.2.1-6.
- otherwise,

- the UE shall report a Differential CQI value = 0 and a position of the M=1 selected narrowband
according to Table 7.2.1-6.
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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

Table 7.2.1-6: Reporting UE selected narrowband position for BL/CE UEs

nar';l(;jvr\?bbaenrd?s.ffor UE reported bit(s) for
narrowband position MPDCCH Narrowband Reported
MPDCCH
- (MSB, LSB)
monitoring
1 0 The narrowband used for MPDCCH monitoring
5 0 Narrowband with lowest narrowband index
1 Narrowband with highest narrowband index
00 Narrowband with lowest narrowband index
4 01 Narrowband with second lowest narrowband index
10 Narrowband with third lowest narrowband index
11 Narrowband with highest narrowband index
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7.2.2 Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI,
CRI, and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in
transmission mode 10 can be configured by higher layers for multiple periodic CSl reports corresponding to one or
more CS| processes per serving cell on PUCCH.

A BL/CE UE configured with CEModeB is not expected to be configured with periodic CSI report.

If a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured,

- one of the following CSI reporting modes given in Table 7.2.2-1 is configured only for eMIMO-Type2

- the UE shall not transmit CQI, PTI, and second precoding matrix indicator i, for eMIMO-Type for any CSl
reporting mode in Table 7.2.2-1

- the UE shall not transmit RI for eMIMO-Type and for any CSl reporting mode in Table 7.2.2-1 except if the
maximum number of supported layers for spatial multiplexing in DL supported by the UE is more than 2, then
UE feeds back a 1-bit RI according to Table 7.2.1-1L

- the UE shall report atype 2areport consisting of wideband first PMI if RI is not transmitted, otherwise type 5
report consisting of jointly coded RI and a wideband first PMI for eMIMO-Type for any CSl reporting modein
Table 7.2.2-1, as described below.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS
B' with more than one CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource
configured, one of the following CSl reporting modes given in Table 7.2.2-1 is configured only for eMIMO-Type2 and
the UE shall not transmit CQI, PMI, PTI, RI for eMIMO-Type for any CSI reporting mode in Table 7.2.2-1 and the UE
shall report atypelO report consisting of CRI as described below.

If aUE is configured with higher layer configured parameter semiOpenLoop, except with 2 CSI-RS ports or with 4 CSI-
RS ports and alternativeCodeBookEnabledFor4TX-r 12=FALSE, the UE shall report atype 2areport consisting of
wideband first PMI for CSI reporting modes 1-1 and 2-1 in Table 7.2.2-1, as described below.

Table 7.2.2-1: CQI 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 cq) | Mode 2-0 | Mode 2-1

For anon-BL/CE UE and for each of the transmission modes defined in Subclause 7.1, the following periodic CSI
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
Transmisson mode4 : Modes 1-1, 2-1
Transmisson mode5 : Modes1-1, 2-1
Transmisson 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 and the UE is not configured with higher layer parameter
advancedCodebookEnabled, or the UE is configured with higher layer parameter

semiOpenLoop; mode 1-1 if the UE is configured with PMI/RI reporting and number of

Transmission mode 9
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CSI-RS ports>1 and the UE is configured with higher layer parameter
advancedCodebookEnabled; modes 1-0, 2-0 if the UE is configured without PMI/RI
reporting or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS
portsin each of one or more CSI-RS resourcesin a CS| processis one when eMIMO-Type
or eMIMO-Type2 is set to be 'CLASSB'.

Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled, or the UE is configured with higher layer parameter
semiOpenLoop; mode 1-1 if the UE is configured with PMI/RI reporting and number of
CSI-RS ports>1 and the UE is configured with higher layer parameter
advancedCodebookEnabled; modes 1-0, 2-0 if the UE is configured without PMI/RI
reporting or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS
portsin each of one or more CSI-RS resourcesin a CSl processis one when eMIMO-Type
or eMIMO-Type2 is set to be'CLASSB'.

For aBL/CE UE configured with CEModeA, the following periodic CSl reporting modes are supported on PUCCH:

Transmisson mode 1 : Mode 1-0
Transmisson mode 2 : Mode 1-0
Transmisson mode 6 : Mode 1-1
Transmisson mode 9 : Modes 1-1, 1-0.

For a UE configured in transmission mode 1-9, one periodic CSl reporting mode for each serving cell is configured by
higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSl reporting modes for each serving cell are
configured by higher-layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term 'CSl process
in this Subclause refers to the CSI configured for the UE.

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, if the UE is not configured with
parameter eMIMO-Type by higher layers, or the UE is configured with parameter eMIMO-Type by higher layers, and
eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or the UE is configured with parameter eMIMO-Type2 by
higher layers, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured, and except with higher
layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE configured,or the UE is configured with parameter
eMIMO-Type by higher layers, and eMIMO-Typeis set to 'CLASS B', and more than one CSI-RS resource configured,
and at least one CSI-RS resource with 8 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via
higher-layer signaling using the parameter PUCCH_format1-1 CSl_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alter nativeCodeBookEnabledFor4TX-r12=TRUE
configured, if the UE is not configured with higher layer parameter eMIMO-Type, or the UE is configured with
parameter eMIMO-Type by higher layers, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured,
and except with higher layer parameter alternativeCodebookEnabledCLASSB _K1=TRUE configured, or the UE is
configured with parameter eMIMO-Type2 by higher layers, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and except with higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE
configured, or the UE is configured with parameter eMIMO-Type by higher layers, and eMIMO-Typeis set to 'CLASS
B', and more than one CSI-RS resource configured, and at least one CSI-RS resource with 4 CSI-RS ports, mode 1-1 is
configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-

1 C9_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 N &g WhereLN F'?é / kJ subbands

areof szek It N2 7k | —|N2% 7k >0 then one of the subbandsis of size N2 — k- [ N2 /K.
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- A bandwidth part j is frequency-consecutive and consists of Nj subbands where J bandwidth parts span Sor
Nps asgiveninTable7.2.2-2.1f J=1 then N, is(NF?BL /k/J-‘ 1fJ3>1then N, iseither (NF?BL /k/ﬂ
or ’_N% /k/J-‘ —1, depending on N 35 , 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, where L = {Iog2 {N% k! JH .

The CQI and PMI payload sizes of each PUCCH CSlI 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 PMI feedback

- Type2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2areport supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports Rl and wideband PM| feedback

- Type 6 report supports Rl and PTI feedback

- Type 7 report support CRI and RI feedback

- Type 8 report supports CRI, RI and wideband PMI feedback

- Type 9 report supports CRI, RI and PTI feedback

- Type 10 report supports CRI feedback

- Type 11 report supports Rl and RPI 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 CSlI process in each serving cell, the periodicity N g (in subframes) and offset Nogrger o (iN

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex (I cq 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 Norrger 5 for RI reporting are
determined based on the parameter ri-Configindex (15 ) givenin Table 7.2.2-1B. For a UE configured in transmission

mode 9 and for each serving cell, or for a UE configured in transmission mode 10 and for each CSI processin each
serving cell, if the UE is configured with parameter eMIMO-Type by higher layers, except with higher layer parameter
csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the number of configured CSI-RS resourcesis
more than one, or the UE is configured with higher layer parameter eMIMO-Type set to 'CLASS B' and higher layer
parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated CSI-RS resources is more than one, when

RI reporting is configured, the periodicity M, for CRI reporting is determined based on the parameter cri-
Configindex (1 ., ) givenin Table 7.2.2-1J. When the number of antenna ports in each configured CSI-RS resource is
one, the periodicity M, and relative offset NOFFSET,CRI for CRI reporting are determined based on the parameter
cri-Configindex (1 ., ) givenin Table 7.2.2-1K. If aUE is configured with parameter eMIMO-Type and eMIMO-Type2,

the parameters cqi-pmi-Configlndex, ri-Configlndex are for eMIMO-Type2. If a UE is configured with higher layer
parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B' with more than one CSI-RS resource
configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, the parameter cri-

ETSI



3GPP TS 36.213 version 14.7.0 Release 14 134 ETSI TS 136 213 V14.7.0 (2018-10)

Configindex is for eMIMO-Type. If a UE is configured with parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Typeissetto 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, the periodicity
Mpy r andrelative offset Noepger pyir fOr wideband first PMI/RI reporting for eMIMO-Type are determined

based on the parameter periodicityOffsetindex (1 py ;r ) givenin Table 7.2.2-1L. The parameters cqi-pmi-Configlndex,

ri-Configindex , periodicityOffsetindex, and cri-Configlndex are configured by higher layer signalling. The relative
reporting offset for Rl Noppger g takesvaluesfromthe set {0,-1,...,—(N ,q — 1)} . If aUE is configured to report for

more than one CS| subframe set then parameter cqi-pmi-Configlndex, ri-Configlndex, periodicityOffsetlndex, and cri-
Configlndex respectively correspond to the CQI/PMI, RI, PMI/RI, and CRI periodicity and relative reporting offset for
subframe set 1 and cqi-pmi-Configlndex2, ri-Configindex2, periodicityOffsetl ndex2, and cri-Configlndex2 respectively
correspond to the CQI/PMI, RI, PMI/RI, and CRI periodicity and relative reporting offset for subframe set 2. For aUE
configured with transmission mode 10, the parameters cqi-pmi-Configlndex , ri-Configindex, periodicityOffsetindex,
cri-Configindex, cqi-pmi-Configindex2, ri-Configlndex2, periodicityOffsetindex2, and cri-Configlndex2 can be
configured for each CSI process. A BL/CE UE is not expected to be configured with the parameter ri-Configlndex.

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

- Thereporting instances for wideband CQI/PMI are subframes satisfying
(Loxn¢ +[ng/2 |- Noprser oo Jmod(N pg )= 0.

- For aUE configured in transmission mode 9 or 10, and UE configured with the parameter eMIMO-Type by
higher layers, and eMIMO-Type set to 'CLASS A', and UE not configured with the parameter eMIMO-Type2, the
reporting interval of wideband first PMI reporting is an integer multiple H” of period N pd (insubframes).

- Thereporting instances for wideband first PMI are subframes satisfying
(10>< N +|ng/2 |- Norreer cal )mod(H .\ ): 0.

- For aUE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS
resource configured, and RI reporting for eMIMO-Type2 is not configured, the reporting interval of wideband

first PMI and RI reporting for eMIMO-Type is an integer multiple Mpy, ;g Of period N (in subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(1 0 X /7,— + LHS/ZJ - /VHFFSET, oar - /VDFFSET, PHI /RI )mOd (M PHIRI ”pd ) = 0 )

- For aUE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B' with more than one CSI-RS resource configured, and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, and RI reporting for eMIMO-Type2 is
not configured, the reporting interval of CRI reporting for eMIMO-Type is an integer multiple M., of period

Npg (in subframes)

CRI

- Thereporting instances for CRI are subframes satisfying
(10>< ng + LnSIZJ— NOFFSET,CQI - NOFFSET,CRI )mOd(di : MCRI ): 0-

- IncaseRI reporting is configured, the reporting interval of the RI reporting, or Rl and RPI reporting if UE is
configured in transmission mode 9 or 10, and with higher layer parameter advancedCodebookEnabled=TRUE, is
aninteger multiple Mg, of period Ny (in subframes).

- Thereporting instances for Rl or Rl and RPI are subframes satisfying
(10xn¢ +[ng/2]- Norrser e — Norrser ,r JMod(N g - Mg )=0.

- For aUE configured in transmission mode 9 or 10, and UE configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-
RS resource configured, the reporting interval of wideband first PMI and RI reporting for eMIMO-Typeisan

integer multiple My, ;5 Of period Ny -Mpg (in subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10><nf +|_ns/2J_ Norrser .ot — Norrser .m = Norrser pvi /ri )mod(N od Mg -Mpy /i ): 0.
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- Incase CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resourceis one,

- thereporting interval of the CRI reporting is an integer multiple M, of period Ny (in subframes)

CRI

- Thereporting instances for CRI are subframes satisfying
(10>< ng + LnSIZJ— NOFFSET,CQI - NOFFSET,CRI )mOd(di : MCRI ): 0-

otherwise

- thereporting interval of the CRI reporting is an integer multiple m, of period N,y -Mg (in
subframes).

- Thereporting instances for CRI are subframes satisfying
(10><nf +Lns/2J_ Noreser ca — Norrser m )mOd(N od Mr -Mcg )2 0.

In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:

- Thereporting instances for wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission
modes 9 and 10) are subframes satisfying (10xn¢ +|ng/2]~ Nopreer coi Jmod N pg =0.

For a UE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSl-
RS resource configured, and RI reporting for eMIMO-Type2 is not configured, the reporting interval of
wideband first PMI and RI reporting for eMIMO-Type is an integer multiple Mgy, ;5 Of period Ny (in

subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10 X nf + |_ns /ZJ - /VHFFSET oqr /VOFFSET JPHT //?I)mOd (MPM/ /R /Vpd ) = 0 )

For a UE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B' with more than one CSI-RS resource configured, and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, and RI reporting for eMIMO-Type2
is not configured, the reporting interval of CRI reporting for eMIMO-Typeis an integer multiple M., of

CRI
period N g (insubframes)

- Thereporting instances for CRI are subframes satisfying
(10>< ng + LnSIZJ— NOFFSET,CQI - NOFFSET,CRI )mOd(di : MCRI ): 0-

When PTI is not transmitted (due to not being configured) or the most recently transmitted PTI isequal to 1
for aUE configured in transmission modes 8 and 9, or for a UE configured in transmission mode 10 without
a'Rl-reference CSl process for a CSl process, or the transmitted PTI is equal 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 CSI process, or the transmitted PTI is equal to 1 for a'Rl-reference CSI
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 CSI process for the CS| 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 hasperiod H - N 4 , and is reported on the subframes satisfying
(Loxn¢ +[ng/2]~ Nopreer cor Jmod(H - N g )= 0. Theinteger H isdefinedas H =J-K+1,
where J isthe number of bandwidth parts.

- Between every two consecutive wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI
for transmission modes 8, 9 and 10) reports, theremaining 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
containslessthan J-K reporting instances due to a system frame number transition to O, in which case
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the UE shall not transmit the remainder of the subband CQI (or subband CQI/second PM1 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 in increasing 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 aUE
configured in transmission mode 10 without a 'RI-reference CSI process for a CSl process, or the transmitted
PTI is O reported in the most recent RI reporting instance for a CSI process when a UE is configured in
transmission mode 10 with a'RI-reference CSI process for the CSl process, or the transmitted PT1 isO for a
'RI-reference CSl process reported in the most recent RI reporting instance for a CSI process when aUE 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 CSl process is dropped:

- Thewideband first precoding matrix indicator report has period H’- N pd » and isreported on the
subframes satisfying (L0xn¢ +|ng/2]~ Nopreer cor Jmod(H”- N oy )= 0, where H’issignalled by
higher layers.

- Between every two consecutive wideband first precoding matrix indicator reports, the remaining

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

- IncaseRI reporting is configured, the reporting interval of Rl is Mg, timesthe wideband CQI/PMI period
H - N , 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 Rl are subframes satisfying
(Loxn¢ +[ns /2]~ Norrser .cor — Norrser mi Jmod(H N pg Mg )=0.

For a UE configured in