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Foreword

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

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

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

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

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

The present document specifies and establishes the characteristics of the physicals layer proceduresin 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
aGSM 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 —
Genera Description™.

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

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

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

[13] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'.

[14] 3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
proceduresin idle mode".

[15] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification"

[16] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"
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3 Symbols and abbreviations
3.1 Symbols

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

n; System frame number as defined in [3]

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

NC%hS Number of configured cells

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

N5 Uplink bandwidth configuration, expressed in unitsof NZ® as defined in [3]

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

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

T, Basic time unit as defined in [3]

3.2 Abbreviations

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

ACK Acknowledgement

AUL Autonomous Uplink

AUL-DF AUL downlink feedback information

BCH Broadcast Channel

CCE Control Channel Element

CDD Cyclic Delay Diversity

CG Cell Group

CIF Carrier Indicator Field

CaQl Channel Quality Indicator

CRC Cyclic Redundancy Check

CRI CSI-RS Resource I ndicator

csl Channel State Information

CSl-IM CSl-interference measurement

DAI Downlink Assignment | ndex

DC Dual Connectivity

DCl Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission

EDT Early Data Transmission

EN-DC E-UTRA NR Dual Connectivity with MCG using E-UTRA and SCG using NR
EPDCCH Enhanced Physical Downlink Control Channel
EPRE Energy Per Resource Element

MCG Master Cell Group

MCS Modulation and Coding Scheme

NACK Negative Acknowledgement

NE-DC NR E-UTRA Dua Connectivity with MCG using NR and SCG using E-UTRA
NPBCH Narrowband Physical Broadcast CHannel
NPDCCH Narrowband Physical Downlink Control CHannel
NPDSCH Narrowband Physical Downlink Shared CHannel
NPRACH Narrowband Physical Random Access CHannel
NPUSCH Narrowband Physical Uplink Shared CHannel
NPSS Narrowband Primary Synchronization Signal
NSSS Narrowband Secondary Synchronization Signal
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NRS Narrowband Reference Signal
PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel
PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRS Positioning Reference Signal
PRB Physical Resource Block
PSBCH Physical Sidelink Broadcast Channel
PSCCH Physical Sidelink Control Channel
PSCell Primary Secondary cell
PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
RE Resource Element
RI Rank Indication
RS Reference Signal
RSS Resynchronization 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 isthe procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell 1D 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.

For aBL/CE UE, if the UE is configured with higher layer parameter RSS-Config, the UE can use the resynchronization
signal (as defined in [3]) to re-acquire time and frequency synchronization with the cell.

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 release.

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 isthe same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has aframe structure type 1 and a secondary
cell in the same TAG has a frame structure type 2 or frame structure 3, UE may assume that Nta > 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.
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Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if all 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
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 in the TAG has a different frame structure type compared to the frame structure type of
another serving cell in the same TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the
secondary cellsin the TAG by using 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 Nta 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 is given by Nya = 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 valuesof 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+5 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space, n+6 otherwise.

- dot n, the corresponding adjustment of the uplink transmission timing shall apply from the first subframe
boundary no earlier than slot [n+8].

- subdglot n, the corresponding adjustment of the uplink transmission timing shall apply from the first subframe
boundary no earlier than

- subslot [n+16] if higher layer parameter proc-TimeAdv-r 15='nplusdsetl'.
- subslot [n+18] if higher layer parameter proc-TimeAdv-r 15= 'npluséset1'or 'npluséset?’.
- subdlot [n+20Q] if higher layer parameter proc-TimeAdv-r15= "nplus8set2'.

For serving cellsin the same TAG, when the UE's uplink PUCCH/PUSCH/SRS transmissionsin 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 complete 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.
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4.3 Timing for Secondary Cell Activation / Deactivation

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

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

- theactionsrelated to the sCellDeactivationTimer 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 an RRC configuration which configures secondary cell as activated [11] 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+ 20, except for the following:

- theactions related to CSI reporting on a serving cell which is active in subframe n+20

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+ 20.

- theactionsrelated to CSl reporting on a serving cell which is not active in subframe n+20
which shall be applied in the earliest subframe after n+20 in which the serving cell is active.

If a UE has been configured with cqi-ShortPeriodicSCell for a secondary cell, parameters cqi-pmi-Configlndex and ri-
Configlndex in clause 7.2 are given by cqi-ShortPeriodicSCell from subframe n+8 until subframe n+34.

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 al so 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

If the UE is configured with shortTTIl, PUCCH in this clause refers to SPUCCH defined in [3] if the HARQ-ACK is
sent in response to PDSCH scheduled by DCI format 7-1A/1B/1C/1D/1E/1F/1G or if the scheduling request is sent on
resources configured by higher layer parameter sr-SotSPUCCH-IndexFH or sr-SotSPUCCH-IndexNoFH or sr-
subS otSPUCCH-Resour ce for slot/subsl ot-based transmissions, unless otherwise noted.

If the UE is not configured with shortTTI or the UE is configured with shortTTI, and UCI isto be transmitted in a
subframe, the term 'subframe/d ot/subslot’ or ‘subframe/sot’ refers to a subframe in this clause.

If the UE is configured with shortTTl, and UCI isto be transmitted in a slot, the term 'subframe/slot/subslot’ or
'slot/subslot’ or 'subframe/slot’ refersto adlot in this clause.

If the UE is configured with shortTTI, and UCI isto be transmitted in a subslot, the term 'subframe/slot/subslot’ or
'slot/subslot’ refersto a subslot in this clause.

Throughout this subclause,

- if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with
CRC scrambled by C-RNTI isin the UE-specific search space, k, =3, otherwise k,=4.

- if the UE is configured with higher layer parameter shortTTI and the corresponding PDCCH/SPDCCH with DCI
format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is detected in a subdot, if the UE is configured for subslot uplink

transmissions, X, isgiven by higher layer parameter proc-TimeAdv from {4,6,8}, otherwise X o =4.
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 a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in
the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by
applying an offset value given by harg-Offset-r 15 to the subframes denoted as uplink in the UL/DL configuration
subframeAssignment-r 15.

For PUSCH, the transmit power ISPUSCHC(i) defined in Subclause 5.1.1, isfirst scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i), defined in Subclause 5.1.1.1, or ISSRS,c(i) is split equally across
the configured antenna ports for PUCCH or SRS. ﬁSRS,c(i) isthe linear value of Psgs (i) defined in Subclause 5.1.3.

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

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

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

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.

For PUSCH (re)transmissions corresponding to ul-Configlnfo-r14, the UE shall apply the procedures corresponding to
PUSCH (re)transmission corresponding to the random access response grant.

5111 UE behaviour

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

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch,c(i) for PUSCH transmission in subframe/slot/subslot i for the serving cell cis given by

Pemax ¢ (i),
1010910(M pysch,c(i)) + Po puscH,c (1) + (i) - Ple + Ate e (i) + fe(i)

} [dBm]

Prusch,c(i) = min{

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

. : 10|0910(|5CMAX c(i) - FA)PUCCH(i))’
R (i)=min A . . . ¢ [dBm]
PUSCH.C {10|0910(M puscHc (1)) + Po puschc(l) + ac(j) - Ple + Avpc(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 Ppygcp (i) for the PUSCH transmissioniin

subframei for the serving cell ¢ iscomputed by
Peuscc (1) = min{PCMAX,c (1), Po puscrec O +ac (D) - PL + f.(i) } (dBm]

where,

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

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

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

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

where MPR, A-MPR, P-MPR and ATc are defined in [6].

- Poyccen (i) isthelinear value of Poyccp (i) defined in Subclause 5.1.2.1
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If the UE isa BL/CE UE configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the
PUSCH resource assignment valid for subframei and serving cell cisusing uplink resource alocation type 5,
M pysch ¢ (1) is the bandwidth of the PUSCH resource assignment expressed in fraction of aresource block and

isgivenby Mo (i) =(ME” +Q, —2)/NE® where MZ,NE® aredefined in[3] and Q,,is defined
in Subclause 8.6.1 for subframei, M pysch ¢ (i) is the bandwidth of the PUSCH resource assignment expressed

in number of resource blocks valid for subframe/slot/subslot i and serving cell ¢ otherwise.

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

- whenj=0, R pyscric(0) = Fo_ue_puscre2(0) + Fo nominaL_puscric2(0) » where =0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. Py e pyscric2(0) and Py yominar puscrc2(0)
are the parameters p0-UE-PUSCH-Per si stent- SubframeSet2-r 12 and pO-Nominal PUSCH-Persistent -

SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.
- whenj=1, By pyscic(D) = Fo_ue_puscre (D + Fo_vomivac_puscric2 (1) - wherej=1is used for PUSCH
(re)transmissions corresponding to adynamic scheduled grant. PO_UE_PUSCH’QZ(l) and

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

- whenj=2, By pyseic(2) = Py ue puscre(2) + Po nominar_puscric(2) where By e pyscio(2) =0 and
PO_NOMINAL_PUSCH,C (2) = PO_PRE + APREAMBLE_Msgg , Where the parameter
preamblelnitial ReceivedTar getPower [8] (P pre) and Appeavpie msgs @€ Signalled from higher layers

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

Otherwise

- Po_pusch,c(]) isaparameter composed of the sum of acomponent Po nominaL_ puscH,c(J) Pprovided
from higher layersfor j=0 and 1 and acomponent Py ye pysch (i) Pprovided by higher layersfor j=0 and

1for serving cell ¢ . For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Po yg pyscH ¢(2) =0 and

Po NomINAL_PuscH,c(2) = Po pre + ApreaMBLE _Msy3» Where the parameter
preambl el nitial ReceivedTar getPower [8] ( PO_PRE )and Apgeaveie sz @€ 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 asindicated by the higher layer parameter
tpc-SubframeSet-ri2,

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

- Forj=2, o (])=1.
Elseif the UE is configured with higher layer parameter UplinkPower Control Dedicated-v15x0 for serving cell c,

- Forj=0or1, a.(j)=0.ue<{0,04,05060.708 091 . o istheparameter alpha-UE-r15
provided by higher layers for each serving cell c.
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- Forj=2, o (jJ)=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 serving cell ¢ 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 referenceSignalPower and higher layer filtered RSRP; for
the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathlossReferencelinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ 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.

- Ae (i) :10|oglo((2BPRE'Ks —1). OF;E,SEH) for Kg=1.25and0for Kg=0where Kg isgiven by the
parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and Alas" | for

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

- BPRE =Ocq / Ngg for control data sent via subframe-PUSCH without UL-SCH data or slot/sublot-PUSCH
without UL-SCH dataif the UE is configured with a higher layer parameter uplinkPower-CS Payload,
BPRE=0Og,, / Nge and Oug = max{O.q, g} with Ocoi  defined as the number of CQI/PMI bits
including CRC for agiven RI value for dot/subslot-PUSCH without UL-SCH dataif the UE is not

c-1

configured with a higher layer parameter uplinkPower-CS Payload, and BPRE= Z K, /Ngg for other
r=0

Cases.

- where C isthe number of code blocks, K, isthesizefor codeblock r, Ocq isthe number of
CQI/PMI bitsincluding CRC bitsand Ny isthe number of resource elements determined as
N = M SIScH-intal  FScH-nital where C, K, , M PUsCR-NtA - ang N;%?H'i”ma' are defined in
[4]-

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

- OpyscHc isacorrection value, also referred to asa TPC command and isincluded in PDCCH/EPDCCH with

DCI format 0O/0A/0B/0C/4/4A/4B or in PDCCH/SPDCCH with DCI format 7-0A/7-0B or in MPDCCH with
DCI format 6-0A for serving cell c or jointly coded with other TPC commands in 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 belongs to 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 cisgivenby f_, (i), andthe UE shall use f_,(i)
instead of f(i) to determine Ppyscp (i) - Otherwise, the current PUSCH power control adjustment state for
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serving cell cisgivenby f. (i) . If the UE is configured with multiple UL SPS configurations, 5PUSCH'C,X isa

correction value, aso referred to asa TPC command and is jointly coded with other TPC commandsin PDCCH
with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI, where x is SPS:

Configindex-r14, and f_,(i) and f.(i) arereplacedby f_, (i) and f_, (i), respectively.

fc(l) = fc(l —1) + 5PUSCH,C(i — KPUSCH) and fc2(|) = fC,Z(i —1) + §PUSCH,C(i - KPUSCH) if accumulation

is enabled based on the parameter Accumulation-enabled or accumulationEnabledsTTI provided by higher
layers or if the TPC command dpyscH ¢ isincluded ina PDCCH/EPDCCH with DCI format 0 or ina

MPDCCH with DCI format 6-0A for serving cell ¢ where the CRC is scrambled by the Temporary C-RNTI

fc,x(i) = fc,x(i - 1) + 5PUSCH,c,x (i - KPUSCH) and fc,2,x(i) = fc,z,x (i _1) + 5puscu,c,x (i - Kpuscu) if

accumulation is enabled based on the parameter Accumulation-enabled or accumulationEnabledsTTI
provided by higher layers and if the TPC command 5PUSCH,C,X isincluded in aPDCCH with DCI format

3/3A whose CRC parity bits are scrambled by TPC-PUSCH-RNTI and if the UE is configured with multiple
UL SPS configurations.

where Opysch ¢ (i — Kpyscn ) was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA or PDCCH/MPDCCH with DCI format 3/3A on subframe/slot/subslot i — Kpygy » @nd where £ (0)

isthe first value after reset of accumulation. For a BL/CE UE configured with CEModeA, subframe
i —Kpysey  iSthelast subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI

format 3/3A is transmitted.

Thevaueof Kpygy IS
For FDD or FDD-TDD and serving cell frame structure type 1

- if the UE is configured with higher layer parameter shortTTI and the TPC command 5PUSCH’C is

included in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B and for PUSCH transmissionsin a

subdlot, Kpygy = X,

the UE is configured with higher layer parameters dI-STTI-Length="subslot' and ul-STTI-
Length="dlot' and the TPC command 5PUSK:H,C isincluded in aPDCCH/ SPDCCH with DCI

format 7-0A/7-0B and for PUSCH transmissionsin aslot, | — Ky o, corresponds to:

- asubdot among subslot 4 or 5 of subframe N-3 or subslot 0 of subframe N-2 in which the UE
has received the TPC command if the slot PUSCH is to be transmitted in slot O of subframe N. A
UE is not expected to receive TPC command in more than one subslot among subslot 4 or 5 of
subframe N-3 or subdlot 0 of subframe N-2 corresponding to slot-PUSCH transmission in slot O of
subframe N.

- asubdot among subslot 1 or 2 or 3 of subframe N-2 in which the UE has received the TPC
command if the slot-PUSCH isto be transmitted in slot 1 of subframe N. A UE is not expected to
receive TPC command in more than one subslot among subslot 1 or 2 or 3 of subframe N-2
corresponding to slot-PUSCH transmission in slot 1of subframe N.

if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space, Kpjooy =3

otherwise, Kp,ygy =4 (inunit of sots for slot-PUSCH and the TPC command 5PUSCH’C is

included in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B, and in units of subframe for
subframe-PUSCH and for slot/subslot-PUSCH with a TPC command dpysc ¢ provided in the

PDCCH with DCI format 3/3A).
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- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in Subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-
UpPts-ri4 for the serving cell ¢, Keuscn isgiven

- inTable5.1.1.1-1A if the UE is configured with higher layer parameter shortProcessingTime and
the corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for
subframe-PUSCH transmissions,

- inTable5.1.1.1-1B for specia subframe configuration 1, 2, 3, 4, 6, 7, 8 and Table 5.1.1.1-1C for
special subframe configuration O, 5, 9 if the UE is configured with higher layer parameter shortTTI

and the TPC command 5PUSK:H,C isincluded in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B,
and for uplink transmissionsin aslot,

- by Kpygey =9 if thedlot-PUSCH transmission in slot 15 or 16 is scheduled with a

PDCCH/SPDCCH with DCI format 7-0A/7-0B in which the LSB of the UL index isset to 1 for
TDD UL/DL configuration 6 and special subframe configuration 0, 5, 9,

- inTable5.1.1.1-1 otherwise.

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

- If the subframe-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 is set to 1,

Kpusch =7

- For slot-PUSCH transmissions, K5y isgiven by Table 5.1.1.1-1B for specia subframe
configuration 1, 2, 3,4, 6, 7, 8and Table 5.1.1.1-1C for special subframe configuration 0, 5, 9 if
the TPC command 5PUSCH,C isincluded in a PDCCH/ SPDCCH with DCI format 7-0A/7-0B. If

the TPC command SpyscH i provided in the PDCCH with DCI format 3/3A, Kpygey is
giveninTable5.1.1.1-1.

- For all other subframe-PUSCH transmissions, K, s isgivenin Table5.1.1.1-1A if the UE is

configured with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-
RNTI isin the UE-specific search space, otherwise Table 5.1.1.1-1.

- For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell c, Keuser is givenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Table5.1.1.1-4B for slot-PUSCH transmissions if the TPC command Opygqyc iSincludedina
PDCCH/ SPDCCH with DCI format 7-0A/7-0B,
- Table5.1.1.1-4 otherwise.

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

- If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH
of DCI format 0/4 if the UE is not configured with higher layer parameter shortProcessingTime
or if the UE is configured with higher layer parameter shortProcessingTime and the
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corresponding PDCCH with CRC scrambled by C-RNTI isin the common search space in which
the LSB of the UL index issetto 1, Kpygy =6

- For all other PUSCH transmissions, K sy isgivenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Table5.1.1.1-4B for slot-PUSCH transmissions if the TPC command §PUSCH’C isincludedin a
PDCCH/ SPDCCH with DCI format 7-0A/7-0B,
- Table5.1.1.1-4 otherwise.

- For aserving cell with frame structure type 3,

For an uplink DCI format 0A/4A carrying AUL-DFI according to subclause 8.3A, Koy =4

- For an uplink DCI format 0A/OB/OC/4A/4B with CRC scrambled by C-RNTI with PUSCH trigger
A setto 0, Kpygy isequal to k+l, wherek and | are defined in in Subclause 8.0.

- For an uplink DCI format 0A/OB/OC/4A/4B with CRC scrambled by C-RNTI with PUSCH trigger
A set to 1 and upon the detection of PDCCH with 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, kand | 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/0C/4A/4B with CRC scrambled by
C-RNTI 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/0C/4/4A/4B or aPDCCH/SPDCCH of DCI format 7-0A/7-0B with the UE's C-RNTI or a
PDCCH/EPDCCH of DCI format O for SPS C-RNTI or a PDCCH/SPDCCH of DCI format 7-0A/7-0B
for SPS C-RNTI or aPDCCH/EPDCCH of 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 c isdeactivated.

- Forserving cell ¢ and aBL/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 and for subframe PUSCH transmissions, if DCI format 0/0A/0B/0C/4/4A/4B for
serving cell ¢ and DCI format 3/3A are both detected in the same subframe, then the UE shall use the
OpyscH,c Provided in DCI format 0/0A/OB/0C/4/4AI4B.

- For dot/subslot-PUSCH transmissions corresponding to a PDCCH/SPDCCH with DCI format 7-0A/7-0B
with the UE's C-RNTI for serving cell ¢, the UE shall usethe dpsc, ¢ provided in DCI format 7-0A/7-

0B

- For serving cell ¢ and dot/subslot-PUSCH transmissions without a corresponding PDCCH/SPDCCH in
dot/subglot i of subframe |, the UE shall use the TPC command provided in the PDCCH with DCI format

3/3A received in a subframe not later than subframe | — K, o, when configured by higher layer

parameter tpc-PDCCH-ConfigPUSCH-SPSfor the serving cell ¢ and for the corresponding SPS
Configlndex-r14 if the UE is configured with multiple UL SPS configurations.

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

OA.
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- OpuscH,c = 0dB for asubframe/slot/subsiot where no TPC command is decoded for serving cell ¢ or

where DRX occursor i is not an uplink subframe/slot/subslot in TDD or FDD-TDD and serving cell ¢
frame structure type 2.

- OpyuscH,c = 0dB for subframe-PUSCH transmissionsiif the subframe i is not the first subframe scheduled
by a PDCCH/EPDCCH of DCI format 0B/4B.

- The Jdpysch . dB accumulated values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA aregivenin Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or PDCCH/SPDCCH with
DCI format 7-0A/7-0B or MPDCCH with DCI format 6-0A or PDCCH/SPDCCH with DCI format 7-
OA/7-0B isvalidated as a SPS activation or release PDCCH/EPDCCH/MPDCCH/SPDCCH, then
5PUSCH,C is 0dB.

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

SET1 givenin Table5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

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

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

- For serving cell €, when the UE is configured with higher layer parameter shortTTl or when thereisa
change in configuration corresponding to the higher layer parameter shortTTI, f_(0) for thefirst

following PUSCH transmission in aslot or subslot in a given subframe is set to the value of  f. (%)
associated with PUSCH of the previous uplink subframe.

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

- Forservingcell ¢, when P yg pusch,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 corresponding to f.(*) for serving cell c
- when Pg yg puscH,c vaueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

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

- when Ry (g pyscrco Valueischanged by higher layers

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v15x0 for serving cell
C, the UE shall reset accumulation corresponding to f.(*) for serving cell c

- when o e vaueischanged 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 asindicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)
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if subframe i does not belong to uplink power control subframe set 2 asindicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

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

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

where dpysch ¢ (i — Kpysch ) Was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA for serving cell ¢ onsubframe i —Kpygyy . For aBL/CE UE configured with CEModeA, subframe
i —Kpysey  iSthelast subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI
format 3/3A is transmitted.

Thevaueof Kp,gy IS

For FDD or FDD-TDD and serving cell frame structure type 1

if the UE is configured with higher layer parameter shortTTI and for PUSCH transmissionsin a
subdot, Koy = X,

the UE is configured with higher layer parameters dI-STTI-Length="subslot' and ul-STTI-
Length="dot' and for PUSCH transmissionsin adot, | —Kp gy, correspondsto:

- asubslot among subslot 4 or 5 of subframe N-3 or subslot 0 of subframe N-2 in which the UE
has received the TPC command if the slot- PUSCH isto be transmitted in slot O of subframe
N. A UE is not expected to receive TPC command in more than one subslot among subsiot 4
or 5 of subframe N-3 or subslot 0 of subframe N-2 corresponding to slot-PUSCH transmission
in dot 0 of subframe N.

- asubslot among subslot 1 or 2 or 3 of subframe N-2 in which the UE has received the TPC
command if the dot-PUSCH is to be transmitted in slot 1 of subframe N. A UE is not expected
to receive TPC command in more than one subslot among subslot 1 or 2 or 3 of subframe N-2
corresponding to slot-PUSCH transmission in slot 1of subframe N.

if configured with higher layer parameter shortProcessingTime and the corresponding PDCCH
with CRC scrambled by C-RNTI isin the UE-specific search space, Kpjgey =3

otherwise, Kpygey =4

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

For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Kpygey isgiven

in Table5.1.1.1-1A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for subframe-PUSCH
transmissions,

in Table5.1.1.1-1B for specia subframe configuration 1, 2, 3, 4, 6, 7, 8 and Table 5.1.1.1-1C for
specia subframe configuration 0, 5, 9 if the UE is configured with higher layer parameter sTTI,
and for uplink transmissionsin aslot,

by Kpysey =9 if the slot-PUSCH transmission in slot 15 or 16 is scheduled with a

PDCCH/SPDCCH with DCI format 7-0A/7-0B in which the LSB of the UL index is set to 1 for
TDD UL/DL configuration 6 and special subframe configuration 0, 5, 9,
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in Table 5.1.1.1-1 otherwise.

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

If the subframe-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, Kpyscn =7

For slot-PUSCH transmissions, K,y isgiven by Table 5.1.1.1-1B for specia subframe
configuration 1, 2, 3,4, 6, 7, 8 and Table 5.1.1.1-1C for specia subframe configuration 0, 5, 9.

For all other PUSCH transmissions, Ko isgivenin Table5.1.1.1-1A if the UE is configured

with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin
the UE-specific search space, Table5.1.1.1-1 otherwise.

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

Table 5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

Table5.1.1.1-4B for dot-PUSCH transmissions,

Table5.1.1.1-4 otherwise.

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

If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 if the UE is not configured with higher layer parameter shortProcessingTime or if
the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the common search space in which the LSB of the
UL indexissettol, Kpygy =6.

If the subframe-PUSCH transmission in subframe sis scheduled with a PDCCH of DCI format
0/4, if the UE is configured with higher layer parameter shortProcessingTime and the
corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search spacein
which the LSB of the UL index isset to 1,

- Kygny=6fors=1lor?2

- Kygy=4fors=3

If the slot-PUSCH transmission in slot 4, 15 or 16 is scheduled with a PDCCH/SPDCCH with
DCI format 7-0A/7-0B in which the LSB of the UL index issetto 1, Kpyscy =5.

For all other PUSCH transmissions, K s, isgivenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Tableb5.1.1.1-4B for dot- PUSCH transmissions,

- Table5.1.1.1-4 otherwise.

- For aserving cell with frame structure type 3,

For an uplink DCI format OA/4A carrying AUL-DFI according to subclause 8.3A, Ky oy =4-
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For an uplink DCI format OA/4A with CRC scrambled by C-RNTI with PUSCH trigger A set to 0,
Kpusen isequal to k+l, where k and | are defined in in Subclause 8.0.

- For an uplink DCI format 0B/4B with CRC scrambled by C-RNTI with PUSCH trigger A setto O,
K pusen is€qual to k+t4i" with i’ = Mod(Nyarg 15 = Marg 10+ Nisarg ) » Where Mkasg 1o is
HARQ process number in subframei, and k, |, nnarg 10 and Nuaro are defined in Subclause 8.0.

- For an uplink DCI format 0A/4A with CRC scrambled by C-RNTI with PUSCH trigger A setto 1

and upon the detection of PDCCH with 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, where p, k and | are defined

in Subclause 8.0.

- For an uplink DCI format 0B/4B with CRC scrambled by C-RNTI with PUSCH trigger A setto 1
and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with 'PUSCH trigger B'
field set to '1' described in Subclause 8.0, Kpygy iSequal to p+k++i' with

i’ = mod(n:4 ARG 1D — Mharg 10+ NHarg ) where N'warg_ip iIsHARQ process number in subframe
i,and p, K, I, Narg 10 @and Nuarg are defined in Subclause 8.0.

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

command in the PDCCH/EPDCCH with DCI format 0A/0B/0C/4A/4B with CRC scrambled by
C-RNTI which schedules PUSCH transmission in subframei.

The JpyscHc dB absolute values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or a MPDCCH with DCI format
6-0A aregivenin Table5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or PDCCH/SPDCCH with
DCI format 7-0A/7-0B or a MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH/SPDCCH, then dpyscp ¢ is0dB.

for anon-BL/CE UE, f.(i)=f.(i-1) and f_,(i)= f_,(i—1) forasubframewhereno

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

for aBL/CE UE configured with CEModeA, f.(i) = fc(i-1) and f_,(i)= f ,(1—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 asindicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

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

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

If Po ue puscH,c vaueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po uE pusch ¢ Valueisreceived by higher layersand serving cell ¢ isa Secondary cell,

- f.(0)=0

For serving cell ¢, when the UE is configured with higher layer parameter shortTTI or when thereisa
change in configuration corresponding to the higher layer parameter shortTTI, f (0) for thefirst

following PUSCH transmission in aslot or subslot in a given subframe is set to the value of ()
associated with PUSCH of the previous uplink subframe.
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- Else

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

where

f(0)=AP, . +&

ampupc msg2,c !

.5

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

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

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

AP and AP

tampuprequested ¢ 1S Provided by higher layers and

rampuprequested, ¢

corresponds to the total power ramp-up requested by higher layers from the first to the last
preambleinthe serving cell ¢, M pgqy o(0) isthe bandwidth of the PUSCH resource
assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission in the serving cell ¢, and A7r¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c. If a UE is performing non-contention based random access
procedure and is configured with higher layer parameter pusch-EnhancementsConfig, 8,55, =
0. For aPUSCH transmission corresponding to ul-Configlnfo-r14, the UE shall assume

APrampuprequested,c msg2,c — 0

- 1B ue puschc2 VAlueisreceived by higher layersfor aserving cell c.

fc,z(o) =0

Table 5.1.1.1-1: K, g, for TDD configuration 0-6

TDD UL/DL subframe number i

Configuration [0 |1 |2 |3|4|5|6|7|8]|9
0 -1 6|74 -1 6|74
1 - -16[4]|-]-]1-161|4
2 -l -4l - -]-1-141-]-
3 - -14(414]-]-1-1-]1-
4 Sl-Talal-1-1-1-1-1-
5 - 1al-1-1-1-1-1-1-
6 - -J717]s5[-1- 7] -

Table 5.1.1.1-1A: K o for TDD configuration 0-6, special subframe configuration 0, 1, 2, 3, 4, 5, 6,
7, 8, 9 and UE configured with shortProcessingTime

TDD UL/DL subframe number i

Configuration |0 |1 (2|3 |4 |5|6|7|8]|9
0 -1613]3 -16]13]3
1 - -13|3|-]-]1-13]3
2 - -3 -]-1-1-13]-]-
3 - - 1313|383 -]-|-1-/1-
4 - - 0313 --1-1-1-1-
5 - -3 - - -] -
6 -|-|6|4|4|-]-|6]|3]-
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Table 5.1.1.1-1B: K o for TDD configurations 0-6, special subframe configuration 1, 2, 3,4, 6, 7, 8
and UE configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration |0 | 1|2 |3|4|5|6|7|8|9|10(11|12|13(14|15| 16|17 | 18| 19
0 414|14|5|5|6 4 4 4 5 5 6
1 4141|1414 4 4 4 4
2 4|4 4 4
3 6|6|6|6|6|6
4 4 (4|14 4
5 4 | 4
6 6|6|6|6|6|6 4 | 4 | 4| 4

Table 5.1.1.1-1C: K, for TDD configurations 0-6, special subframe configuration 0, 5, 9 and UE
configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration [0 |1 |2 |34 |5|6|7|8|9|10(11|12|13|14|15|16| 17| 18| 19
0 4|15|5|6|6|7 4 15|65 6 | 6 | 7
1 5(5|5]|5 5 5 5 5
2 4 | 4 4 4
3 777|777
4 5|5|5]|5
5 4 | 4
6 4|15|5(6|6|7 4 4 4 5

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/0A/0B/0C/3/4/4A/4B/6-0A/3B/7-0A/7-
OB to absolute and accumulated Jpygcy values

TPC Command Field in
DCI format O/0A/OB/OC/3/4/4A/AB/6- (?:J:le“a[tgg] Absolute Spyscrc [dB] only DCI format
OA/3B/7-0A/7-0B c 0/0A/OB/OC/4/4A/4B/6-0AI7-0A/7-0B
0 K} Z
1 0 K}
2 1 1
3 3 2

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A/3B to accumulated JdpyscH Values

TPC Command Field in
DCI format 3A/3B

0 -1

1 1

Accumulated dpyscH ¢ [dB]

Table 5.1.1.1-4: K oy, for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14

TDD UL/DL subframe number i

Configuration [0 | 1|2 |3 |4 |5|6|7|8]|9
0 517|714 517|714
1 -|6|6|4]|-]-]16|6]4
2 -\ 514 |-|-]-15]4]|-]|-
3 -1414(414)-1-1-1-1-
4 -1414|4 S T T I
5 Slalal-T-1-1-1-1-1-
6 -|6|7|7|5]|-]6 7| -
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Table 5.1.1.1-4A: K, g for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14
and UE configured with shortProcessingTime

TDD UL/DL subframe number i

Configuration [0 | 1|2 |3|4|5|6|7|8]|9
0 66|33 66|33
1 -1513|3]|-]-15[3]3
2 - 1313 -]-1-13[3]-]-
3 - 1313133 |-|-|-1]-]1-
4 -1313]3 - - -] - -
5 - 1313 -]-1-1-1-1-1-
6 -|1513|3|4|-|5|6]|3]-

Table 5.1.1.1-4B: Ko, for TDD configurations 0-6 and UE configured with symPUSCH-UpPts-r14,
and UE configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration |0 1|2 | 3 |4|5|6|7|8|9|10|11|12|13|14|15|16| 17 |18 | 19
0 11|14 |5|5|6|6|7 11 | 4 5 5 6 6 7
1 5|5|5|5]|5 5 5 5 5 5
2 4 | 4|4 4 4 4
3 7 |\7|7|\7|7|7]|7
4 5|5|5|5|5
5 4 | 4|4
6 4 |4]|5|5|6|6|7 11| 4 4 4 5

For agiven serving cell, if the UE is configured with higher layer parameter shortProcessingTime , the UE shall use the
TPC command received with DCI format 0/4 mapped onto the UE-specific search space for subframei.

For a UE capable of simultaneous transmission of different uplink signal durations to different serving cells asindicated
by UE capability simultaneousTx-differentTx-duration, if PUSCH/PUCCH transmissions of different duration occur in

different serving cells and in the same subframe and if the total transmit power of the UE would exceed Peyax (1) , the
UE shall follow the dropping rules described in Subclause 5.1.5 until the total transmit power of the UE would not

exceed Py (1) or until there are only PUSCH/PUCCH transmissions of the same duration remaining in which case
the following rules apply.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed
Peyax (1) , the UE scales PPUSCH c(i) for the serving cell ¢ in subframe/slot/subslot i such that the condition

Z w(i)- ISPUSCH,c(i) < (lSCMAx (- ISPUCCH ('))

is satisfied where Poyccp (i) isthelinear value of Poyccn (i), ISPUSCH,C(i) isthe linear value of Poysch c(i) .
ISCMAX (i) isthelinear value of the UE total configured maximum output power Py, defined in [6] in
subframe/dot/subslot i and W(i) is a scaling factor of If’pUSCH,C(i)for serving cell ¢ where 0<w(i) <1. Incasethere

isno PUCCH transmission in subframe/slot/subslot i Payccp (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 PC,\,I ax (i), the UE scales PPUSCH c(i) for the serving cells without UCI in subframe/slot/subslot i such
that the condition

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

c#j
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is satisfied where ISPUSCH,j (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

If’pUSCH,C(i)for serving cell ¢ without UCI. In this case, no power scaling is applied to ﬁPUSCH’j(i) unless

Zw(i) -Peuscrc(i) =0 and the total transmit power of the UE still would exceed FA’CMAX ().

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 wW(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 ISCM ax (1) , the UE obtains ﬁpUSCH’C(i) according to

Brosors (1) = Min(Boyecs | (), (Poypa () = Precrs ()

and

ZW(i) ’ IsPUSCH,c (') < (IE)CMAX (') - IsPUCCH (') - ISPUSCH,,' ('))

C#j

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

- If the UE isconfigured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on
subframe/dot/subslot 1 for agiven serving cell in a TAG overlaps some portion of the first symbol of the

PUSCH transmission on subframe/slot/subslot 1+ 1 for a different serving cell in another TAG the UE shall
adjust itstotal transmission power to not exceed PCM ax ONn any overlapped portion.

- If the UE isconfigured with multiple TAGs, and if the PUSCH transmission of the UE on subframe/slot/subsl ot
I for agiven serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on

subframe/slot/subslot 1 +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission
power to not exceed P, 0N any overlapped portion.

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

the UE shall drop SRSif itstotal transmission power exceeds Py, 0N 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/slot/subslot | for agiven serving cell overlaps with the SRS transmission on
subframe/slot/subslot | for a different serving cell(s) and with PUSCH/PUCCH transmission on
subframe/slot/subslot | or subframe/slot/subslot i +1 for another serving cell(s) the UE shall drop the SRS

transmissions if the total transmission power exceeds P,y 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 paralel with SRS transmission in a symbol on a subframe of a different serving

cell belonging to adifferent TAG, drop SRS if the total transmission power exceeds PCM ax ONn any overlapped
portion in the symbol.
- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH

in asecondary serving cell in parallel with PUSCH/PUCCH in adifferent serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that itstotal transmission power does not exceed

P-yiax on the overlapped portion.
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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 subframei 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 4.2.1 of [13].

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 subframeiy, 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 iy is determined by

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

5.1.1.2 Power headroom

There are three types of UE power headroom reports defined. A UE power headroom PH isvalid for
subframe/dot/subslot i 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.

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if aNR Multiple Entry PHR [15, TS
38.321] istriggered and if the NR slot on active UL BWP that carries the Multiple Entry PHR is not aligned with E-
UTRA subframe due to asynchronous EN-DC/NE-DC [16, TS 38.133] or different duration between the NR slot and E-
UTRA subframe, UE provides PH of the first E-UTRA subframe that overlaps with the NR dlot.

If the UE is configured with a SCG,

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

- For computing power headroom for cells belonging to SCG, the term 'serving cell' in this subclause 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 refersto 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.

In this subclause,

- theterm 'scheduled to transmit PUSCH' refers to PUSCH scheduled via an uplink scheduling grant or semi-
persistent scheduling assignment.

- theterms'PUCCH is prepared to be transmitted' or ‘prepared to transmit PUCCH' refer to PUCCH for which the
UE has started generating the UCI.

If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives PDCCH/EPDCCH with DCI
format OA/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 accessthe LAA SCell for the PUSCH transmission in
subframe i according to the channel access procedures described in Subclause 4.2.1 of [13].

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 0A/0B/4A/4B with 'PUSCH trigger A’ setto O
or in a PUSCH transmission scheduled using DCI format 0/4,
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- 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 SCdlls other than serving cell ¢ on which UE does not receive a DCI format 0A/0B/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 hot 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+ kp , if in subframe n or earlier, the UE receives a DCI format 0/4 or DCI
format 0A/OB/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating PUSCH
transmission in subframe n+ K, .

- 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+ kp , if in subframe n or earlier, the UE does not receive 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+K, .

If serving cell ¢ is configured with higher layer parameter ul-STTI-Length="subdot', and if the UE reports power
headroom on subslot i of serving cell ¢, for serving cells other than serving cell ¢, the UE computes power headroom for

- subdot i, if the serving cells are configured with higher layer parameter ul-STTI-Length="subslot'
- thedot containing subdlot i, if the serving cells are configured with higher layer parameter ul-STTI-Length="dlot'
- the subframe containing subslot i, otherwise.

If serving cell ¢ is configured with higher layer parameter ul-STTI-Length="dot', and if the UE reports power headroom
ondoti of serving cell c using dot-PUSCH, for serving cells other than serving cell ¢, the UE computes power
headroom for

- doti, if the serving cells are configured with higher layer parameter ul-STTI-Length="d ot'
- the subframe containing dot i, otherwise.

If the UE reports power headroom on subframei of serving cell ¢ using subframe-PUSCH, for serving cells other than
serving cell ¢, the UE computes power headroom for subframei.

Type 1:

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for
serving cell ¢, then power headroom for a Type 1 report is computed using

PH typet,c(1) = Pomax ¢ (i) {10|0910(M puscH,c(i)) + Po_pusch,c () + ac(j) - Ple + Atp (i) + fc(i) } [dB]

where, PCMAX,c(i)’ MpyuscH,c(1) s Po pusch,c(i)s @c(), Ple, A (i) and fc(i) aredefinedin Subclause
51.1.1

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/slot/subslot i for serving
cell ¢, then power headroom for a Type 1 report is computed using

PH ypet o (i) = Pomax ¢ () {1010930(M puscr, o ()) + Po_pusch, e (1) + @c (i) Ple +Atec (i) + f(i) } [dB]
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where, Mpyschc(1): Po pusch,c(i), @c(i), Ple, A (i) and fc(i) aredefinedin Subclause5.1.1.1.
ISCM AX,c(i) is computed based on the requirementsin [6] assuming a PUSCH only transmissionin

subframe/dot/subslot i . For this case, the physical layer delivers ISCM AX ’C(i) instead of Popyiax ’C(i) to higher layers.

If the UE is not scheduled to transmit PUSCH in subframe/slot/subslot i for serving cell ¢, 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 setto 1 on
aserving cell c 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

Pthpel,c(i) = 5CMAX,c(i)_ { IDO_PUSCH,(:(:I-) + ac(l)' PLC + fc(i) } [dB]

where, F~’CM Axc(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR , A-
MPR, P-MPR and AT¢ are defined in [6]. Po_puscH,c@ o:.(1), PL;,and f.(i)aredefinedin Subclause5.1.1.1.

Type 2:

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/slot/subsdlot i for the
primary cell, then power headroom for a Type 2 report is computed using

(1010g30 (M puscrc () +Po,_puscrc ()+ e (1)-PLe+Aec (i) + fo(i))/10

PH type2 (i) = Pemax ¢ (1) — 1010959 [dB]

+ 10(P07PUCCH +PL¢ +h(nCQI \NHARQ rnSR)*'AFJUCCH (F)+Amp (F)+gli ))/10
where, Pomax.c: Mpusch,c(): Po pusch,c(i): @c(j), A (i) and f.(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and Py pyccr» Ple: N(Ncqr s NHARG  NR) + A puccH (F) . Aro (F') and g(i) are
defined in Subclause 5.1.2.1

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for the
primary cell, then power headroom for a Type 2 report is computed using

(10|0910(M puscH,c (10)+Po_puscr,c (1) +ac (1)-Ple+Atec(i)+ ¢ (i))/lO

PH typea (i) = Pomax ¢ (1) —1010g30 dB]

4 lO(PO_PUCCH +PLg+g(i ))/ 10
where, Pemax,c()» Mpuschc() . Po pusch,c (i) (i), A (i) and fc(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and Py pyccy» PLe and g(i) aredefined in Subclause 5.1.2.1.

If the UE is prepared to transmit PUCCH without PUSCH in subframe/slot/subslot i for the primary cell, power
headroom for a Type 2 report is computed using

0Po_pusoH e W+ (0)-PLe + £ (0))/10

PH typeo (i) = Pemax ¢ (i) —1010g19 [dB]

+ 10(P07PUCCH +PL¢ +h(nCQI ‘NHARQ rnSR)*'AFJUCCH (F)+Amp (F)+gli ))/10

where, Py pysch,c(D), oc(D and f¢(i) aretheprimary cell parameters as defined in Subclause 5.1.1.1, Peyax c(i)

v Po puccr» Pley N(Ncgr s NHARG  NR) + A pucch (F) . Ao (F') and g(i) are also defined in Subclause 5.1.2.1.

If the UE is not scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for
the primary cell, then power headroom for a Type 2 report is computed using
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(PO_PUSCH,C D+ac()-PL +f¢ (i))/lO

PH =R i)—10l [dB]
type2 (1) = Pomax ¢ (i) —10log1g . 10(P07PUCCH +PLo+gli))10

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

A-MPR, P-MPR and ATc are defined in[6], P pyscH,c(D), ac(l) and fc(i) arethe primary 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 selection is 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, Pemax,c()» Mpuschc(), Po pusch,c (i) (i), A (i) 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.

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 asindicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f,(i) instead of fc(i)tocompute PH (i) and PH (i) for

subframei and serving cell ¢, where f_,(i) isdefinedin Subclause5.1.1.1.

51.2 Physical uplink control channel

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

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

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

- When the procedures are applied for the secondary PUCCH group, the term 'serving cell’ in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term 'primary cell’ in this subclause refers to the
PUCCH-SCell of the secondary PUCCH group.
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51.2.1 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 Poccn
for the physical uplink control channel (PUCCH) transmission in subframe/slot/subslot i for serving cell ¢ isdefined
by

Pemax,c (i), } (0B

P (i)=min . _
pucen {PO_PUCCH +PLc+ h(nCQI NHARQ, nSR)+ Af puccH (F)+ Anp (F) +g(i)

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

P (i ) . 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 Pgyccy for PUCCH in subframe/slot/subslot i is computed by

Poucen ()= min{PCMAX,c (1), Py pucch + PLc + g(i )} [dBm]
where

- Pomax c (i) isthe configured UE transmit power defined in [6] in subframe/slot/subslot i for serving cell c. If
the UE transmits PUSCH without PUCCH in subframe i for the serving cell ¢, for the accumulation of TPC
command for PUCCH, the UE shall assume Py ax (i) asgiven by Subclause 5.1.1.1. If the UE does not
transmit PUCCH and PUSCH in subframe/slot/subslot i for the serving cell ¢, for the accumulation of TPC
command for PUCCH, 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].

- Theparameter A pycc (F) isprovided by higher layers. Each Ag pyccn (F) Vvalue corresponds to a PUCCH

format (F) relative to subframe-PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of
[3] for subframe-PUCCH, in Table 5.4A-1 of [3] for slot-PUCCH, and in Table 5.4A-2 of [3] for subslot-
PUCCH.

- If the UE is 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] for subframe-PUCCH,
in Table 5.4A-1 of [3] for dot-PUCCH, and in Table 5.4A-2 of [3] for subslot-PUCCH; otherwise,

ATXD(FI) =0.

- h(ncgl s ARG Nsr) isaPUCCH format dependent value, where ne, corresponds to the number of

information bits for the channel quality information defined in Subclause 5.2.3.3in[4]. ng =1if

subframe/dlot/subdlot i is configured for SR for the UE not having any associated transport block for UL-SCH,
otherwise ngg =0. If the UE is configured with more than one serving cell, or the UE is configured with one

serving cell and transmitting using PUCCH format 3, the value of nyaro is defined in Subclause 10.1;
otherwise, nyarg isthe number of HARQ-ACK bits sent in subframe/slot/subsiot i.

- For subframe-PUCCH format 1,1aand 1b h(ncgy , Nparg Nk )= 0
- For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,

(nHARQ -1)

, otherwise, hlneq , N ,Nep /=0
2 (CQI HARQ SR)

h(ncor s NHARQ: NR) =

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

cql | .
if n >4
2 ] cQl

0 otherwise

10lo
hlncar . Mhara, Nsr)= 910(

- For PUCCH format 2 and extended cyclic prefix

NcqQl *NHARQ | .
10lo — = | ifn +n >4
h(”cq MHARQ, nSR): 910( 2 J cql + NHARQ

0 otherwise

- For PUCCH format 3 or for all slot/subslot PUCCH formats except dlot/subslot PUCCH format 4 and when
UE transmits HARQ-ACK/SR without periodic CSl,

- If the UE is configured by higher layersto 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

NyarQ TN —1
h(Ncqr » NHARQ: NR) = — 5
- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSl,

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

nHARQ + N + nCQI -1
3

h(nCQI 1 Nharo: nSR) =

- Otherwise

+ N+ Ny =1

2

HARQ cql

n
h(nCQI 1 Miyargs Ng) =

- For PUCCH format 4, M pcqyy . (i ) is the bandwidth of the PUCCH format 4 expressed in number of
resource blocks valid for subframe/slot/subslot i and serving cell ¢ . For PUCCH format 5,

M PUCCH,c(i ) =1
ATF,c (') :10|0910(21'258PRE“) _1) where BPRE(i):Ouu (i)/ NRE(i)’ and
- for subframe-PUCCH

- Oyyli) isthe number of HARQ-ACK/SR/RI/CQI/PMI bitsincluding CRC bits transmitted on
PUCCH format 4/5 in subframei;

" Neeli)=Mpyego(i)- N2 - N2 for PUCCH format 4and N__(i)=Nf®- NZUCSH /2 for PUCCH format 5;

- N - ZA(N:ﬂLnb _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5isused in
subframei and NZUCoH = 2. (N;jLnb _1) otherwise.

- for dot/subdlot-PUCCH

O, (i) isthetotal number of HARQ-ACK/SR bitsincluding CRC bits transmitted on PUCCH format
4indot/subdlot i;
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= Neeli) is the number of REs used for dot/subslot-PUCCH format 4 transmission in slot/subd ot i

Po puccr isaparameter composed of the sum of aparameter P, yowinal_puccr Provided by higher layers

and aparameter P, e pyccy Provided by higher layers.

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

format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in aMPDCCH 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 included in a
PDCCH/SPDCCH with DCI format 7-1A/1B/1C/1D/1E/1F/1G if the UE is configured with higher layer
parameter shortTTI 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

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 on every subframe except
when in DRX.

aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI in case of dlot/subslot-PUCCH
transmissions associated with PDSCH/PUSCH transmissions without a corresponding PDCCH/SPDCCH,
when configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS

aPDCCH/SPDCCH of DCI format 7-1A/1B/1C/1D/1E/1F/1G if the UE is configured with higher layer
parameter shortTTI in case of dot/subslot-PUCCH transmissions associated with PDSCH/PUSCH
transmissions with corresponding PDCCH/SPDCCH

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

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

one or 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, and

aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI in case of dlot/subslot-PUCCH
transmissions associated with PDSCH/PUSCH transmissions without a corresponding PDCCH/SPDCCH,
when configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS

aPDCCH/SPDCCH of DCI format 7-1A/1B/1C/1D/1E/1F/1G with the UE's C-RNTI as described in
Subclause 9.6.1if the UE is configured with higher layer parameter shortTTI in case of slot/subslot-
PUCCH transmissions associated with PDSCH/PUSCH transmissions with corresponding
PDCCH/SPDCCH.

- 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 when in DRX.

- If the UE decodes

aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D/7-1A/1B/1C/1D/1E/1F/1G or
an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or

an MPDCCH with DCI format 6-1A or

a SPDCCH with DCI format 7-1A/1B/1C/1D/1E/1FH1G

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

Else
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if the UE decodes a PDCCH/MPDCCH with DCI format 3/3A, the UE shall usethe Jp ey providedin
that PDCCH/MPDCCH

elsethe UE shall set Spyeey = 00B.

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

m=0

where g(0)isthefirst value after reset.

For FDD or FDD-TDD and primary cell frame structure type 1,

- M =1and k=K, for subframe-PUCCH,

- M =1 and Kk, = 4for slot-PUCCH if the TPC command is received in adot and the TPC

command Jpyccy isincluded inaPDCCH/ SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-
1E/7-1F/7-1G,

- M =1 and ky =X when the TPC command is received in a subslot and the TPC

command Jpyccy isincluded ina PDCCH/ SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-
1E/7-1F/7-1G,

- M =3for dot-PUCCH if the TPC command is received in a subslot and the TPC command Spyccn
isincluded in aPDCCH/ SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and
I —Kk_ correspondsto the index of the three last subslots sent at the latest X p subslots earlier than

m

the start of the slot-PUCCH.

- For aslot/subslot-PUCCH transmission in slot/subslot i of subframe | corresponding to a slot/subslot-
PDSCH transmission without a corresponding PDCCH/SPDCCH, the UE shall usethe Jpyccn

provided in the PDCCH with DCI format 3/3A received in a subframe not later than subframe | - 4
when configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS

For TDD, valuesof M and km aregivenin Table 10.1.3.1-1C if the UE is configured with higher

layer parameter shortTTI and the TPC command Jpyccy isincluded in aPDCCH/ SPDCCH with DCI
format 7-1A/1B/1C/1D/1E/1F/1G, in Table 10.1.3.1-1B if the UE is configured with higher layer
parameter shortProcessingTime and the TPC command JSpyccy isincluded ina PDCCH sent in the UE-
specific search space, and in Table 10.1.3.1-1 otherwise, where the "UL/DL configuration™ in Table
10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-r 12 for the primary cell when the UE is
configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell, or to harg-
ReferenceConfig-r14 for the primary cell when the UE is configured with the parameter harg-
ReferenceConfig-r14. For adot-PUCCH transmission in slot i of subframe | corresponding to a dlot-
PDSCH transmission without a corresponding PDCCH/SPDCCH, the UE shall usethe Jpyccy provided
in the PDCCH with DCI format 3/3A received in subframes not later than subframe | - kn when
configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS, where M and km aregivenin

Table10.1.3.1-1.

The Opycey OB 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 or
PDCCH/SPDCCH with DCI format 7-1A/1B/1C/1D/1E/1F/1G 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 or PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G isvalidated as an SPS activation PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with
DCI format 1A or MPDCCH with DCI format 6-1A or PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-
1C/7-1D/7-1E/7-1F/7-1G is validated as an SPS rel ease PDCCH/EPDCCH/MPDCCH/SPDCCH, then
Spyccy 1s0dB.
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- The Opyccy dB vauessignalled on PDCCH/MPDCCH with DCI format 3/3A are givenin Table
5.1.2.1-1orin Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Vaueischanged by higher layers,

- g(0)=0

- If the UE is configured with higher layer parameter shortTTI or if thereis a change in configuration
corresponding to the higher layer parameter shortTTI, g(O) for the first following slot/subslot-PUCCH
transmission in a given subframeissetto g(*) associated with PUCCH of the previous uplink
subframe.

- Else

- 9(0)= Al:)rampup + 5mng » Where

- 5msg

access preamble transmitted in the primary cell, see Subclause 6.2 and

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

- if UEistransmitting PUCCH in subframei,

F%)_PUCCH
AP =min/ smax| 0, Py —| + PLC+h(nCQ|,nHARQynSR) ,

rampup
+ AF_PUCCH (F) +ATXD(FI)

AP

rampuprequested

Otherwise,

AR, = min[{max(O, PCMAX,C - (PO_PUCCH +PL, ))}1AP ]and

rampup rampupr equested

'

APmpuprequmd is provided by higher layers and corresponds to the total power ramp-up

requested by higher layers from the first to the last preamble in the primary cell. A UE
configured with ul-Configlnfo-r 14, the UE shall assume APyqmpuprequested = Omsgz = 0

- If UE hasreached Pgoyax (i) for the primary cell, positive TPC commands for the primary cell shall
not be accumul ated.

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

- when Py yg pucch  Vaueischanged by higher layers

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

- g@i)=g(@-1) if I isnotan uplink subframe/slot in 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
whereig< i1< ...<in-1, the PUCCH transmit power in subframeiy , k=0, 1, ..., N-1lis determined by

PPUCCH,c(ik) = PPUCCH ,c(iO)
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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/7-
1A/1B/1C/1D/1E/1F/1G to 5PUCCH values

TPC Command Field in 5 [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3/6-1A/7-1A/1B/1C/1D/1E/1F/1G PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A t0 Opyccy Values

TPC Command Field in

DCI format 3A 5PUCCH [dB]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)
5131 UE behaviour
The setting of the UE Transmit power Pgrgfor the SRS transmitted on subframei for serving cell ¢ is defined by:

for serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission

PSRS,C(i ) = mln{ PCMAX,C(i )' 1O|OglO(MSRS,C) + PO_SRS,C(m) + aS?S,C ’ PLC + fS?S,C(i ) } [dBm]

otherwise
Pors,ci)= min{ Pemax. ¢ (), Psrs oFrseT (M) +1010910(Mgrs ¢) + Po_pusch, ¢ (1) + @ (i) - PLe + (i) } [dBm]
where

- Pomaxc(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.

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

- f.(i) isthecurrent PUSCH power control adjustment state for serving cell ¢, see Subclause 5.1.1.1.

- Po pusch,c()) and ac(j) areparameters as defined in Subclause 5.1.1.1 for subframe |, where j=1
- Ogs. isthehigher layer parameter alpha-SRS configured by higher layers for serving cell c.

- Py srsc (M) isaparameter composed of the sum of acomponent Py, \ovinaL srse (M) which is p0-Nominal-

PeriodicSRS or pO-Nominal-AperiodicSRS provided from higher layers for m=0 or 1 and a component
Po U srse (M) which is p0-UE-PeriodicSRS or p0-UE-AperiodicSRSwhich is p0-UE-PeriodicSRS or p0-UE-
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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 fgg (i) and is defined by:

frsc(l) = faqrg (i =1) + Ogzs (1 — Kgg) if accumulation is enabled, and

fsc(1) = Ogrsc (i — Kgs) if accumulation is not enabled based on higher layer parameter
Accumulation-enabled, where

Ogrsc (I = Kgrs) isacorrection value, also referred to as a SRS TPC command signalled on PDCCH with

DCI format 3B in the most recent subframe | — Kgg, where Kgg > 4.

The UE is not expected to receive different SRS TPC command values for serving cell ¢ inthe same
subframe.

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/specia subframein TDD or FDD-TDD and serving cell ¢ frame structure
type 2.

If higher layer parameter fieldTypeFormat3B indicates 2-bit TPC command, the 55R5 dB values signalled
on PDCCH with DCI format 3B are givenin Table 5.1.1.1-2 by replacing dpysch ¢ With 5SRS’ or if higher
layer parameter fieldTypeFormat3B indicates 1-bit TPC command, the 55Rs dB values signalled on PDCCH
with DCI format 3B are givenin Table 5.1.1.1-3 by replacing dpyscy ¢ With 5SRS.

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

- Forservingcell ¢, when R, ¢z . Valueischanged by higher layers
- For serving cell ¢, when the UE receives random access response message for serving cell c.

For both typesof f4q  (*) (accumulation or current absolute) the first valueis set as follows:

- If By ye sree VAlUeisreceived by higher layers

B fSRS,c(O) =0

- dse

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

fSRS,c (O) = AF)rarrpup,c + 5rrsgz,c ’ Where
5mg2’0 isthe TPC command indicated in the random access response corresponding to the

random access preamble transmitted in the serving cell ¢, see Subclause 6.2, and

0,
max ,
Aprampup,c =min { ( PCMAX,C - (10|0910(M SRS,C(O)) + PO_SRS,c(m) + s PL, )]}
AP

rampuprequested ,c
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and AP

tampuprequested ¢ 1S Provided by higher layers and corresponds to the total power ramp-up

requested by higher layers from the first to the last preamble in the serving cell ¢, M SRS,C(O) 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 a PUCCH-SCell, and if the total transmit power of the UE for the Sounding
Reference Symbol in an SC-FDMA symbol would exceed Py (i) , the UE scales Psrsc (i) for the serving cell ¢
and the SC-FDMA symbol in subframei such that the condition

D W(i) - P o) < Peyax (i)

is satisfied where ISSRSC(i) isthe linear value of Pyrs (i), Poyax () isthelinear value of Py definedin[6] in
subframei andwW(i) isascaling factor of If’SRSC(i) for serving cell ¢ where 0<w(i) <1. Note that W(i) values are
the same across serving cells.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with multiple TAGs and the
SRS transmission of the UE in an SC-FDMA symbol for a serving cell in subframe | in a TAG overlaps with the SRS
transmission in another SC-FDMA symbol in subframe 1 for a serving cell in another TAG, and if the total transmit
power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed FA{:,\,IAX (i) , the UE scales

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

D W(i) - P o) < Peyax (i)

is satisfied where ISSRSC(i) isthe linear value of Psrs (i), Poyax () isthelinear value of Py definedin[6] in

subframei andw(i) isascaling factor of If’SRSC(i) for serving cell ¢ where 0<w(i) <1. Note that 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
access the LAA SCell for the SRS transmission in subframe i according to the channel access procedures described in
Subclause 4.2.1 of [13].

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 asindicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f_,(i) instead of f¢ (i) to determine Pyg (i) for subframei and serving cell ¢
,where f_,(i) isdefined in Subclause 5.1.1.1.

5.1.3.2 Power headroom for Type3 report
The UE is not expected to compute a Type 3 report on a slot/subslot.
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 c, or if the UE does not transmit SRS in subframe i
due to a collision with a higher priority physical channel or signal (as defined in Subclause 8.2) in subframe i +
1, and the UE would have transmitted the SRS in subframe i had the higher priority physical channel or signal
in subframe i + 1 not occurred, power headroom for a Type 3 report is computed using

PH e (1) = Poax o ()= £2010056(M g e) + Py s (M) + s - PLe + Fes i) | [BI
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wherePL,, isdefined in Subclause 5.1.1.1. Pryay (i), Msrsc: Po srse(M) s fers,o (i) are defined
in Subclause 5.1.3.1.

- otherwise, power headroom for a Type 3 report is computed using
PH type3,c(i) = PCMAX c(l )_ { PO_SRS,(: (1) + O(SRS,C : PLc + fSRS,c (I) } [dB]

wherePL; isdefined in Subclause 5.1.1.1., Py e (1), egs s fers, (i) are defined in Subclause 5.1.3.1.

I5¢M Ax ¢ (i) is computed based on the requirements in [6] assuming a SRS transmission in subframe i, and

assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB. MPR, A-MPR, P-MPR and AT¢ are defined in
[6]. For this case, the physical layer delivers Poyax (i) instead of Peoyax (i) to higher layers.

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

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

- if the maximum uplink timing difference between transmitted signals to different serving cellsincluding
serving cells belonging to different CGsis equal to or less than the minimum requirement 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 i1 and
subframe 12 overlap in time with more than one symbol, and if the total power of both the PRACH

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

Pouax (iLi2), where Py, (i1,i2)isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i 1i 2) as described 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 i1of MCG overlapsin time another PRACH transmission
in subframe 12 of SCG, and if the time difference between the start of the two PRACH transmissions s 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 preamble 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 Py, (i1,12), where Py, 5, (11,i2) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i Li 2) as described in [6]. If the UE drops the PRACH transmissions, it

sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH
transmission, it may send power ramping suspension indicator to the higher layers.
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5.14.1 Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe i1 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe 12 of CG2 or if at least the last symbol the UE PUSCH/PUCCH
transmission(s) in subframe i1 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 il 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’PUCCH _cc1(11) such that the condition

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

P'rvcon oot (1) = 10D - Prycer_ce1(i1) 1 Pryogy e (i1) would not exceed SI(i1),

P rucen _cor (11) = Prcen cea(i1) - If the UE has aPUSCH transmission with UCH including HARQ-ACK in
subframe ilof serving cell ¢, € CGL, and if APUSCH ¢ (11) would exceed S1(i1), the UE scales

Poysen o, (1) such thet the condition 0/A(i) - Paygeyy (1) = max{0, SL(i1)} is satisfied where

0< A1) <1 and P'oygyy o (i0) = A1) - Poygyy o (i) - 1f Prygyy o, (i1) would not exceed SI(i1),

IS'PUSCH C (iD= ISPUSCH C (iD).
SI(i1) isdetermined as follows
0,

~ A ~ maxsy -~ a e - . 1
SUID) = P (1212) ~ B - By(i2) - ming | Praax(112)- 222 B 12) [}
P (i2)
where

- Isul(il) = ISPRACH _CGl(il) ;

- if CGlisMCG and CG2is SCG,

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

P (12)=Prcen o202+ T (P, 12+ s, (2)):

¢,eCG2
- ifCG1lisSCG and CG2isMCG

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

i I:A)ql(i 2)= lE)PRACH 212+ lsIPUCCH ce2(12);

Pu@2= 3 (P 2+ Pra, 02|

¢,eCG2

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

Isql(i 2) = ISPRACH 7cez(i 2) + FA)' PUSCH , |, (i 2) ;

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 44 ETSI TS 136 213 V15.13.0 (2021-05)

S P Y P (94 Y P, (D)

c,eCG2,co#], c,eCG2

- otherwise,

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

ls'ql (i2)= lsPUCCH (i) + Z (lsPUSCH 12+ :-SRS,CZ (i 2))

¢,eCG2

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

If’PUCCH _ce1(iD) would exceed S2(i1), the UE scales FA’F,UCCH _ce1(i1) such that the condition

o 2(i1) - Pryeen coa(iD) = max{0, S2(i1) }is setisfied where 0< @r2(i1) <1 and

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

I':“'PUCCH o1 (D) = Poycen_cer(id) - I the UE hasa PUSCH transmission with UCI not including HARQ-
ACK in subframe ilof serving cell ¢, € CGL, and if PPUS;CH « (11) would exceed S2(i1), the UE scales
Pougen o, (1) such that the condition 6r2(i1) - Paygey o, (i1) = max{0, S2(i1)} is sctisfied where
0<a2(i) <1 and Poygy g (iD) = @2(1) - Poygy o (1) . 1f Poygey o, (11) would not exceed S2(i1),

IS'PUSCH C (iD= ISPUSCH C (iD).
S2(i1) is determined as follows

0,
. ~ . A A .| Mmax Yeg2 ;
S2(i1) = Py ax (i1,12) — P, (i1) — P,,(i2) — min Poax (iLi2)- 100 q2(I2)
P, (i2)
where

- PL(D) =Poracn _cor(iD+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 il of CG1, otherwise,
P (iD= Poract _CGl(il) :

- ifCGlisMCG and CG2is SCG

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

q2 (I 2) PRACH CGZ(I 2) + P'PUCCH _CG2 (I 2)

p,i2)= 3 [f’puxH,cz(iZ)+ 'A“SRS,CZ(iz)j;

c,eCG2

- eseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving
cell j,e CG2,

I:A:‘qz (i 2) = ISPRACH _cez(i 2) + |3' PUSCH, |, (i 2)

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 45 ETSI TS 136 213 V15.13.0 (2021-05)

) ISIq2 (i2) = Z lE)PU&?H © (i2)+ Z 58?8,02 (i2);

C,eCG2,Co# ], c,eCG2

- otherwise,

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

FA)qu (i2)= lsPUCCH ce2(12) + Z (ﬁPUSCH L2+ ~SRs,c2 (i 2))

¢,eCG2
- ifCGLlisSCGand CG2isMCG

- if the UE has a PUCCH transmission in subframe |2 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12 of serving cell |, € CG2

P2(12) = P c62(12)+ Poven_co2 12+ P oy, (i2)

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 i 2 of

P  (i2) = .
CG2; PUSCH'JZ( ) Oif the UE does not have a PUSCH transmission with UCI in subframe 12 of
CG2;

- otherwise

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

Pe2)= 3 (P (2+ P, (2)]

¢,cCG2

- If the UE has PUSCH transmission(s) without UCI in subframe i1of CG1, the UE shall determine
0,

: ~ o A A .| MaXy 5 oy Yosz B g
S3(i1) = Pyax (i1,i2) = P (i1) = P5(i2) — min Povax (1ILi2) 100 Ps(i2)
P2 (i2)

where

- if the UE hasa PUCCH transmission in subframe ilof CG1 and/or a PUSCH transmission with UCI inin
subframe ilof servingcell j; € CGLR,5(i1) = Pogacny cor(iD) + P'pyccn cer (D) + Ploysan , (1D,

where FA’PUCCH _cc1(i1) =0 if the UE does not have a PUCCH transmission in subframe ilof CG1,
Pouscr i, (I1) = Oif the UE does not have a PUSCH transmission with UCI in subframe i1of co1;
otherwiselsus(i]_) = ISPRACH ca(iD):

- ifCGlisMCG and CG2isSCG

- if the UE has a PUCCH transmission in subframe |2 of CG2 and/or a PUSCH transmission with UCI in
in subframe i2of serving cell |, € CG2
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Pq3 (' 2) = PPRACH _cez(' 2) +P PUCCH _CG2 (' 2) +P PUSCH , |, (' 2)

C P2 Y P (D + Y P, (i2)

,eCG2,c0#], c,eCG2

P i2) = .
PUCCH —CGZ( ) Oif the UE does not have a PUCCH transmission in subframe i 2 of

where,
cG2: PPUSCH 2 (i 2) =0

CG2,

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

- otherwise

|5q3 (i 2) = ISPRACH _CG2 (i 2)

Pei2=Y [ﬁPUSCH,CZ(i2)+;s,%(iZ)]:

¢,eCG2

- ifCG1isSCGand CG2isMCG

|3q3(i 2) = ISPRACH _cez(i 2) + IS' PUCCH _CG2 (i 2) + Z ISIPUSCH C (i 2)

¢,eCG2

FoliD= 3 Prs. (i2)

¢€CG2

- If thetotal transmit power of all the PUSCH transmission(s) without UCI in subframe ilof CG1 would exceed
S3(i1) , the UE scales Py o1 (11) for each serving cell ¢, € CG1 with a PUSCH transmission without

UCI in subframe i1 such that the condition Zw(il) . ISPUSCH,q(il) <max{0,S3(i1)} issatisfied, where
¢,eCG1

FA"PUSCHcl (i) =w(il)- FA’PUSCH]cl(il) , and where W(i1) isascaling factor of ISPUSCH]q(il) for serving cell
¢, where 0 < w(il) <1. Notethat W(i1) values are the same across serving cells within a cell group when

w(i1) > Obut for certain serving cells within the cell group W(i1) may be zero. If the total transmit power of
al the PUSCH transmission(s) without UCI in subframe ilof CG1 would not exceed S3(il),

IS'PUSCH,q (iD= ISPUSCH,q (iD).

where

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

- ifCGlisMCG and CG2is SCG

FA’PUCCH_CGl (1) isthelinear value of Ppyccp(11) corresponding to PUCCH transmission on the primary

A

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

Yee1 = Ymce

- ifCG1isSCG and CG2isMCG;
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A

Pouccr ce1(i1) isthelinear value of Fyyeey(i1) corresponding to PUCCH transmission on the PSCell;

A

Prucen_cez(12) isthelinear value of Ppyec(i2) corresponding to PUCCH transmission on the primary
cell.

Ve = Vo

A

Pruscri g, (11) isthelinear value of Poygy o, (i2) for subframe i1of serving cell of serving cell ¢, € CGL, and

A

Pruscri ¢, (12) isthelinear value of Py, o (12) for subframe i2of serving cell of serving cell ¢, € CG2.

Yucs and Yo aegiven 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, Pogacy car(iDisthe

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

If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, FA’F,RACH ce2(12) isthe
linear value of the transmission power of that PRACH transmission; otherwise, Pagscys e2(12)=0.

A

|55R5,Cz (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 servingcell C, € CG2 dueto collision with PUCCH in subframe 12 of serving cell
c,e CG2

; 'F;SRSY%(iZ) -0:

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

lSSQS,oQ (i2)= lsSRS,oQ (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,
Preo (i2)=max{ . . _
e {PSRS,CZ (' 2) - PPUCCH _CGZ(I 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 ¢, € CG2

2 0,
Preo (i2)=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 servingcell C,e CG2
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2 0,
Pgse (12) = maxs ~ ) " _ ~ .
o {PSRS’CZ (12) = Pruser 2 (i2) = Foycon _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 (11 <S4

,cCG1
is satisfied, where IfS'SRS’Cl (iD) =v(il)- ISSRS’q(il) is the transmission power of SRS after scaling and where
FA’SRS]cl (i1) isthelinear value of Pag, (i1) described in Subclause5.1.3.1, and V(i) isascaling factor of

ISSRS,Cl (i1) for servingcell ¢, € 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 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(il), the UE scales ISSRS,Cl (i2) for the
serving cell 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'ys, (i1) = V(i1) - Pagg, (i1) isthe transmission power of
c,eCG1

SRS after scaling, and where V(il) isascaling factor of FA’SRS‘C1 (i1 for serving cell ¢, where 0<Vv(il) <1. Note

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

SA4(i1) isdetermined as follows
0,
: A o A .| MaXq 5 1:0y. Vo2 _ B
S4(|1) = PCMAX (|l,|2)— F)q4(|2)— min PCMAX (I:LIZ) ﬁ_ Pq4(|2)
P (i2)
where

- ifCG1lisMCG and CG2 is SCG

|3q4(i 2) = ISPRACH _cez(i 2) + 5IPUCCH _CG2 (i 2) + Z ISIPUSEH S (i 2)

¢,cCG2

P(i2)= D Pas,(i2)

¢,eCG2

- ifCG1isSCGand CG2isMCG

Pa(i2) = Poractt 0202+ Ploscen o2 (D + D Plassoine, (204 D P, (i2)

¢,eCG2 ¢,eCG2
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P (i2)=0
if the UE has no PUCCH transmission or has a shortened PUCCH transmission in subframe i2 of CG2,

P’ oucen _CG2 (12) = 0; otherwise P’y _CG2 (12) = P'pycen _CG2 (i2)

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

IS PUSCH ¢, (i2)=0; OtherW'SEP PUSCH ,c, (i2)= PIPUSCH ) (i2)

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

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

For both cell groups

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

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

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

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

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

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

if the SRS transmission of the UE in a symbol on subframe 11 for agiven serving cell in a 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 12+1
for aserving cell of CG2, the UE shall drop the SRS in CGL1 if its total transmission power across al CGs

exceeds P, Onany overlapped portion of the symbol.

if the SRS transmission of the UE in a symbol on subframe i1 for agiven serving cell in CG1 overlaps with the
SRS transmission on subframe 11 for a different serving cell(s) in CG1 or overlaps with SRS transmission on
subframe 12 for aserving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe ilor subframe i1+1 for another serving cell(s) in CG1, and/or if the SRS
transmissions overlap with PUSCH/PUCCH transmission on subframe 12+ 1 for aserving cell of CG2, the UE
shall drop the SRS transmissionsin CG1 if its total 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 ilor subframe i1+1 ina
secondary serving cell in CG1 and/or to transmit PRACH on subframei 2+1 in aserving cell in CG2 in parallel
with SRS transmission in a symbol on subframe 11 of adifferent serving cell belonging to a different TAG of
CG1, drop SRSin CG1 if itstotal transmission power across all CGsexceeds P, 0N any overlapped portion
of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe 1141 in a secondary serving cell
in CG1 and/or to transmit PRACH on subframe 12+ 1 inaserving cell in CG2 in paralle with

PUSCH/PUCCH on subframe 11 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.
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5.1.4.2 Dual connectivity power control Mode 2

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

- if the UE determines based on higher layer signalling that transmission(s) in subframe i1 of CG1 cannot

overlap in time with transmission(s) in subframe 12 of CG2, the UE shall determine

P.(1),

P (i1) = min - . A . _
Pevax (1512=1) — Beacy 0 (D) — Pog2 (12— 1 — Fgach ce2(i2—1)

- Otherwise, the UE shall determine
P.(1),
Pruax (iLi2-1)- Loz,
100
Pewax (1112=2) = Poacyy (1) — maxq Po, (12— 1) + Py e (12-2),
If\)PRACH_CGZ(i 2)

PL.,(i1) = min

where,

D) = Procen_cos10+ 2. (P (1D + Pl (11

- ceCG1

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

~

- Pruson (1) = O, if the UE does not have a PUSCH transmission in serving cell C€ CGl,

A

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

A B .
PCGZ(IZ 1) _Oifthe UE has no transmission of PUCCH, PUSCH, or SRS in subframe 12-1 of CG2;

. Year=Vmce | gnd Yee2 = Ve if CG1isMCG and CG2 is SCG:
- Yee1 = Vs and Yee2 = Ywce | if cG1is SCG and CG2 is MCG:

- Ywce and Vco are given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

- If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, FA’F,RACH cc(iDisthe

linear value of the transmission power of that PRACH transmission; otherwise, Pagscys (i) =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
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PRACH at least one subframe before subframe 12 of CG2, Pogacy _cc2(i2) isthelinear value of the

transmission power of that PRACH transmission; otherwise, Pogacyy a2 (12) =0.

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

A

brach_cc2 (12 —1) isthelinear value of the transmission power of that PRACH transmission; otherwise,

PRACH_CG2 (i 2- 1) =0.

|5-quyc(i 1) isdetermined asfollows

- if the UE does not have an SRS transmission in subframe 11 of serving cell ce CGl or if the UE drops the
SRS transmission in subframe i1 of serving cell C€ CGl1 gue to collision with a PUCCH transmission in
subframe i1 of serving cell €€ CGl

SSRs,c(il) =0;

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

ISSRs,c (iD= lf)SRS,c (i2);

- 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,
Peo (i) =max{ . . _
™ {PSRS,C(IJ-) - PPUCCH _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

IE’;SRS (1) = max{(% , ~ . }
’ PSRS,C(Il) - PPUSCH c ('1)

- 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 0,
- PasliD=maxy. . .
e {PSRS,C(IJ-) - PPUSCH c ('1) - PPUCCH _CGl(Il)}

where FA’SRSJYc (12) isthelinear value of Pgyg (i1) described in Subclause 5.1.3.1.

If ISPUCCH_CGl(i) would exceed P, (i) , the UE scales Pooeys _ccr(i) suchthat the condition

() - Poyeen_car(i) < P, (i) is satisfied where

- if CGlisMCG, ISPUCCH_Cel(i) isthe linear value of Poycch (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.
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- if CGlisSCG, ISPUCCH_CGl(i) isthelinear value of Ppyccp (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframei on the PSCell I3PUCCH_CGl(i) =0. Paysch.c(i)
isthe linear value of Ppysop (i)

- 0<0A(i) <lisascaling factor of FA’PUCCH_CGl(i) .

If the UE has PUSCH transmission with UCI on serving cell j € CG1, and FA’PUSCH,] (i) would exceed If’chl(i) the
UE scales ISPUSCH’j(i) such that the condition O(Z(i)'ISPUSCHJ(i)S P, (i) is satisfied where I3PUSCH1j(i) isthe

linear value of the PUSCH transmit power for the cell with UCI, and O < a2(i) < lisascaling factor of FA’PUSCH]] (i)
for serving cell j e CGL1.

If the total transmit power across al the serving cells of acell group CG1 would exceed IséGl(i ) , the UE scales
Peusc,c(i) for the serving cell e CGL in subframei such that the condition

ZW(i)' |spusc:H,c(i) = (Isclel(i)— |SPUCCH_C61(i)) is satisfied; andw(i) isascaling factor of Ppysch (i) for
eCG1

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 CGL1, and the total transmit power across al the serving cells of CG1 would

exceed If’clel(i) , the UE scales Ppygop (i) for the serving cells belonging to CG1 without UCI in subframe i such
. . 3 . 1 /: 3 . . P
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 Payscy ¢ (i) for

serving cell C without UCI. In this case, no power scaling is applied to FA’pUSCH’J- (i) unless

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

A
PCGl(I) .
If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j € CG1 and PUSCH

transmission without UCI in any of the remaining serving cells belonging to CGL1, and the total transmit power across

all the serving cells of the CG1 would exceed If’chl(i) the UE obtains " PUscH.c() aooorgi ng to

A

PPUSCH,] (l) = min(ISPUSCH,j (i)’ (Isclel(i) - ISPUCCH_CGl(i))) and
ZW(i) : lE)PUSCH,c(i) < (Isclel(i) - ISPUCCH_cel(i) - ISPUSCH,J' ('))

ceCGL, c#j

where

- ifCGLlisMCG, |SPUCCH cc1(l) isthelinear value of Ppycep (i) corresponding to PUCCH transmission on the
primary cell.

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

Note that w(i) values are the same across serving cells within a cell group whenw(i) > 0 but for certain serving cells
within the cell group w(i) may be zero.
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If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells

within a TAG of acell group CG1 would exceed If’(:lGl(i) , the UE scales Pgs ¢ (i) for the serving cell ce CGland
the SC-FDMA symbol in subframei such that the condition

. iy . "l .
ZVO)' PSRSC(I) < PCGl(I)
eCGl
is satisfied where Pgs (i) isthelinear value of Py . (i) described in Subclause 5.1.3.1, and V(i) isascaling factor

of Pasc(i) for servingcell ce CGL where O< V(i) <1. Note that V(i) values are the same across serving cells
within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe 1 in a TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i for a serving 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 Px, (i) , the UE scales P o (i) for the

serving cell ce CGL and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the condition

V(i) - P (i) < Phey i)

c=CGl

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

of Pasc(i) for servingcell ce CGL where O< 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 ina 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

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

~

- if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
I for agiven serving cell ina TAG of CG1 overlaps some portion of the first symbol of the PUCCH
transmission on subframe 1 +1 for adifferent serving cell in another TAG of CG1 the UE shall adjust its total

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

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

subframe | 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 I:A’ClGl on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in 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 | or subframe 1 +1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissionsin

CGL1if thetota transmission power of CG1 exceeds |5C161 on any overlapped portion of the symbol.
- if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to

transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of adifferent serving cell belonging to adifferent TAG of CG1, drop SRSin CG1 if the total

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

transmission power of CG1 does not exceed F’ClG1 on the overlapped portion.

A

Table 5.1.4.2-1: ¥,,cc (Or ¥Y«g) 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:

the term 'MCG' is replaced by "primary PUCCH group';
the term 'SCG' is replaced by 'secondary PUCCH group';

i1=i2=i andP,,,, (i1,i2)= Py, (i) isthelinear value of the UE total configured maximum output
power Py, defined in [6] in subframe/slot/subslot i; and

Yvce = Ysce =0.

For a UE capable of simultaneous transmission of different uplink signal durations to different serving cells asindicated
by UE capability simultaneousTx-differentTx-duration, if the UE is configured with a PUCCH-SCell and configured
with different values of higher layer parameter ul-STTI-Length for serving cellsin the primary PUCCH group and

secondary PUCCH group, and if the total transmit power of the UE would exceed ISCM ax (i) , the UE drops the
following channels from the highest serving cell index to the lowest serving cell index in order until the total transmit
power of the UE would not exceed Py, (1) whichin that case, the UE would not drop any more channels or until

there are only PUSCH/PUCCH transmissions of the same duration remaining in which case the corresponding power
scaling rules described in Subclause 5.1.1 apply:

subframe-PUSCH without HARQ-ACK of the secondary PUCCH group
subframe-PUSCH without HARQ-ACK of the primary PUCCH group

dot-PUSCH without HARQ-ACK of the secondary PUCCH group

slot- PUSCH without HARQ-ACK of the primary PUCCH group

subslot-PUSCH without HARQ-ACK and without DM RS of the secondary PUCCH group
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- subslot-PUSCH without HARQ-ACK and without DM RS of the primary PUCCH group

- subslot-PUSCH without HARQ-ACK and with DMRS of the secondary PUCCH group

- subslot-PUSCH without HARQ-ACK and with DMRS of the primary PUCCH group

- subframe-PUSCH with HARQ-ACK or subframe-PUCCH of the secondary PUCCH group
- subframe-PUSCH with HARQ-ACK or subframe-PUCCH of the primary PUCCH group

- dot-PUSCH with HARQ-ACK or slot-PUCCH of the secondary PUCCH group

- dot-PUSCH with HARQ-ACK or slot-PUCCH of the primary PUCCH group

- subslot-PUSCH with HARQ-ACK or subslot-PUCCH of the secondary PUCCH group

- subslot-PUSCH with HARQ-ACK or subslot-PUCCH of the primary PUCCH group

The HARQ-ACK of adropped channel is transmitted on the channel of the same PUCCH group to be transmitted with
highest priority.

If the UE is not configured with a PUCCH-SCell but configured with higher layer parameter ul-STTI-Length, and if the
total transmit power of the UE would exceed P, (i) , the UE above dropping rules would apply by removing the
channels corresponding to the secondary PUCCH group.

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 a LAA 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.

For aBL/CE UE, if the UE is configured with higher layer parameter RSS-Config, the ratio of resynchronization signal
EPRE to cell-specific RS EPRE is given by higher layer parameter power Boost in RSS-Config +10log,,(p X
min(p4, p2)), where p¢ and pg arethe default valuesfor p, and pp in Table 5.2-1a assuming the same transmitted
power for symbols with or without CRS, and p isthe number of CRS ports.

For a BL/CE UE, if the UE is configured with higher layer parameter WUS-Config, the ratio of MWUS EPRE to cell-
specific RS EPRE is given by higher layer parameter powerBoost in WUS-Config+10log;,(p X min(p4, p2)), where
p% and pg arethe default valuesfor p, and pp in Table 5.2-1aassuming the same transmitted power for symbols
with or without CRS, and p isthe number of CRS ports.

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

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

For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, 256QAM, or
1024QAM spatial 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,
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- pa isequa tod

vower-oftst + Pa +10109,4(2) [dB] when the UE receives a PDSCH data transmission using

precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

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

where §power_offset is0dB for all PDSCH transmission schemes except multi-user MIMO as described in Subclause 7.1.5

and where P, isaUE 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-ri12, and the UE in transmission modes 8-10 when UE-
specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-
7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission
schemes or spatial multiplexing using asingle 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,

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

- pa isequal toP; [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 a cell 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];

- pp 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 Py =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 al the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, 256QAM, or 1024QAM thisratio isO
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 RSsis0 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-RS is 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 asaLAA SCell, and if CSI-RS is 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-RS in subframen2is
same as EPRE of CSI-RSin earlier subframe nl, if all OFDM symbols of subframe nl and all subframes between
subframe n1 and subframe n2, are occupied.

The cell-specific ratio pg/ p, iSgiven by Table 5.2-1 according to cell-specific parameter Pz signalled by higher
layers and the number of configured eNodeB cell specific antennaports. Py 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 Py 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

Table 5.2-1a: p4 and p% for 1, 2, or 4 cell specific antenna ports
assuming the same transmitted power for symbols with or without CRS

One Antenna Port | Two and Four Antenna Ports
Ppg d d d d
Pa P P4 P
0 1 1 1 5/4
1 1/2 2/5 1/2 1/2
2 1/3 1/5 1/3 1/4
3 1/4 1/10 1/4 1/8

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

BB the cell-specific RS EPRE is denoted by pa the cell-specific RS EPRE is denoted by pg

orts
: Normal cyclic prefix | Extended cyclic prefix | Normal cyclic prefix | Extended cyclic prefix
One or two 1,2,356 1,2,4,5 0,4 0,3
Four 2,356 2,4,5 0,1,4 0,1,3
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Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or p,

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
CIUSIIE Normal cyclic prefix Extended_ EiEE Normal cyclic prefix Extended_ eyl
ports prefix prefix
ngmod2 | ngmod2 | nymod2 | nymod2 | ngmod2 | ngmod 2 | ngmod 2 | nNnygmod 2
=0 =1 =0 =1 =0 =1 =0 =1
1,2,3,4, 0,123, 1,2,3,4,| 01,23,
One or two 56 4.5 6 5 45 0 - 0 -
2,3,4,5 | 0,1,2,3, 0,1,23,
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, ) is defined asfollows:

0 if MS RNTR,

(p) threshold
RNTP(N.pe) = e E ()
1 if nopromiseabout theupper limit of —*~=~ismade

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

block number Npeg = 0,..., NGt —1; RNTR,, g takes on one of the following values
RNTResnoia € {_ °°’_11,—10,—9,—8,—7,—6,—5,—4,—3,—2,—1,0,+1,+2,+3}[dB] and

p(P)‘i

T Af
Er(ng)( nom =

NG NE

where Prfjapz is the base station maximum output power described in[7], and Af , Ngé and NS aredefinedin [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

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in
the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by
applying an offset value given by harg-Offset-r15 to the subframes denoted as uplink in the UL/DL configuration
subframeAssignment-r 15.

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
Peracr = Min{ Poyax (i) , PREAMBLE_RECEIVED_TARGET_POWER + PL. }_[dBm], where

Pcmax c(i) isthe configured UE transmit power defined in [6] for subframei of serving cell ¢ and PL; is

the downlink path loss estimate calculated in the UE for serving cell ¢. For aBL/CE UE, Perach IS Set to
Pcmax c(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 Perach 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 as indicated 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
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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 aMPDCCH 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.

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 preamble sequence, the UE shall, according to the information in the
response, transmit an UL-SCH transport block in the first subframe n+k; . If the UE supports reduced control

plane latency and reducedControl PlaneLatency is enabled, k1 > 5, otherwise, k1 > 6. If the UL delay field in

Subclause 6.2 is set to zero, 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 thefieldisset 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 sequence ison a TDD serving cell not
configured for PUSCH/PUCCH transmission.

For the L1 random access procedure, a BL/CE UE's uplink transmission after a random access preamble 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 preamble sequence, the UE shall, according to the
information in the response, transmit an UL-SCH transport block in the first subframe n+k;, k; =6, if 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 equa 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.
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If the most recent PRACH coverage enhancement level for the UEis2 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.

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, whereaPRACH resourceisavailable.

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 isO 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 given in Table 6-2 for
CEmodeA and CEmodeB if the higher layers do not indicate EDT to the physical layer as defined in [8], and in
Table 6.2-F if the higher layersindicate EDT.:

- where NNB = LN;J;/6J and N;\IITSGX:’VlOgZ(NNB)—I

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

DCI contents CEmodeA CEmodeB
Msg3 PUSCH N\ index 2
narrowband index NB
Msg3 PUSCH Resource

. 4 3
allocation
Number of Repetitions for 2 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- Nus& 0
Total Nr-bits 20 12
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Table 6.2-F: Random Access Response Grant Content field size for EDT

DCI contents CEmodeA CEmodeB
Msg3 PUSCH e 3
narrowband index NB
Msg3 PUSCH Resource 5 3
allocation
Number of Repetitions for 5 3
Msg3 PUSCH
TPC 3 0
CSl request 1 0
UL delay 1 0
Msg3/4 MPDCCH Nindex 3
narrowband index NB
Zero padding 8- 2-Njo* 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 if the higher layers do not indicate EDT to the physical layer
asdefined in [8], Table 6.2-G otherwise.

NBgar givenin Table 6.2-A, Table 6.2-B and Table 6.2-G is the narrow band used for first subframe of

MPDCCH for Random Access Response and is determined by higher layer parameter mpdech-
NarrowbandsToMonitor-r13 if only one narrowband is configured, otherwise, it is determined by Table 6-2-E.

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

Table 6.2-G: Msg3 PUSCH Narrowband Value for CEmodeB and EDT.

Value of 'Msg3 narrowband index'[Msg3 PUSCH Narrowband

'000" NBgarmMod Ny

'001' (NBgag+1) mod Nyg
010" (NBgag+2) mod Ny
011" (NBgag +3) mod Nyg
100" (NBgag +4) mod Nyg
101" (NBgag +5) mod Nyg
110 (NBgag +6) mod Nyg
111 (NBgag +7) mod Nyg

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 if

the higher layers do not indicate EDT to the physical layer as defined in [8], value of NLT;@‘ for CEModeA and
Table 6.2-H for CEModeB otherwise. The number of downlink narrowbandsis givenby N, = LNF?E'; / GJ .
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\Value of 'Msg3/4 MPDCCH narrowband index'|Msg3/4 MPDCCH Narrowband
'00' NB.,zMod Ny,
o1’ (NBgag +1) mod N g,
10 (NBgag +2) mod Ny,
11 (NBgag +3) mod N,

Table 6.2-H: Msg3/4 MPDCCH Narrowband

Value for CEmodeB and EDT.

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

'000" NBzMmod Nz,

'001" (NBgag +1) mod Ny,
'010' (NBgag +2) mod Ny,
011" (NBgag +3) mod N,
100 (NBguz +4) mod N,
101" (NBgag +5) mod Ny,
'110° (NBgag +6) mod N,
111 (NBgz +7) mod N,

The repetition number field in the random access response grant configured by higher layers indicates the
repetition level (Nygy3 ) for theinitial 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-r13 if it is signaled,

otherwise Ya =8,

- Ys isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeB-r13 if it is signaled,

otherwise YB =512.

If the higher layersindicate EDT to the physical layer as defined in [8] and if the UE is configured with higher
layer parameter edt-Small TBS-Enabled-r15, the repetition number for the initial transmission of Msg3 PUSCH is

the smallest integer multipleof M that is equal to or larger than TBSq;5 /TBS\,,Sg&maX Nygs where TBSygq3
isthe TBS of Msg3 PUSCH as determined in subclause 8.6.2, and TBSyqy3 max 1S the value of the higher layer

parameter edt-TBSr15. M=4if Nyg3>4, M = 1 otherwise.

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

Value of 'Repetition number' | Msg3 PUSCH Repetition level
00" Yal8
'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’ Ye/ 64

'010' Ye/ 32

'011' Ys /16

100’ Ye/8

101" Ye/ 4

110° Ye/?2

111 Ye

Table 6.2-E: Narrowband ( NBg,g ) 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,
- if the higher layersindicate EDT to the physical layer as defined in [8], then
- interpret the resource allocation using UL resource allocation type O within the indicated narrowband
- esg

- insert one most significant bit with value set to '0", and interpret the expanded resource allocation
using UL resource allocation type O 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 a UE is performing non-contention based random access procedure and is configured with higher layer parameter
pusch-EnhancementsConfig, then

- Repetition number of Msg3 — 3 bits

else
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- TPC command for scheduled PUSCH — 3 hits
- UL delay — 1 bit
- CSl request — 1 bit

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

- The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) 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 via the fixed size resource block assignment detailed below.

- Thefixed size resource block assignment field isinterpreted as follows:
- if Nj§ <44

- Truncate the fixed size resource block assignment to its b least significant bits, where

b= ﬁog ) (N R (N oy + 1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules
for aregular DCI format O

- dse

- 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 Nut nop IS zero when the hopping flag bit isnot set to 1, and is

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

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

- TheTPC command &, shall beused for setting the power of the PUSCH, and is interpreted according to

Table 6.2-1.
end if
Table 6.2-1: TPC Command Ormeg 2 for Scheduled PUSCH
TPC Command | Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

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

The UL delay appliesfor TDD, FDD and FDD-TDD and this field can be set to 0 or 1 to indicate whether the delay of
PUSCH isintroduced as shown in Subclause 6.1.1. A BL/CE UE interpreting the contents of the random access
response according to CEModeB shall follow the description of UL delay field set to 0.
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7 Physical downlink shared channel related procedures

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

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

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

If aUE is configured with dI-TTI-Length, and PDSCH isreceived in aslot, the term 'dot/subslot’' refersto adlot in this
clause.

If the UE is configured with dI-TTI-Length, and PDSCH isreceived in asubslot, the term 'slot/subslot’ refersto a
subglot in this clause.

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

For FDD,

- 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;

- 16 downlink HARQ processes per serving cell configured with higher layer parameter dI-TTI-Length
- 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
- 16 downlink HARQ processes per serving cell configured with higher layer parameter dI-TTI-Length
- 8downlink HARQ processes per serving cell, otherwise.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, the maximum number of downlink HARQ processes per
serving cell configured with higher layer parameter dI-TTI-Length shall be 16, otherwise determined by the UL/DL
configuration (Table 4.2-2 of [3]), asindicated in Table 7-1.

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure
type 2, the maximum number of downlink HARQ processes for a serving cell configured with higher layer parameter
dl-TTI-Length shall be 16, otherwise 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 configured with higher layer parameter dI-TTI-Length shall be 16,
otherwise determined by the DL -reference UL/DL configuration for the serving cell (as defined in Subclause 10.2), as
indicated 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.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the maximum number of downlink HARQ processes for the serving cell
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shall be determined by DL-reference UL/DL configuration given by subframeAssignment-r15 for the serving cell, as
indicated in Table 7-2.

For a UE configured with EN-DC/NE-DC and more than one serving cells with primary cell frame structure type 1, if
the UE is configured with subframeAssignment-r15 for the primary cell, the maximum number of downlink HARQ
processes for each secondary cell is equal to the maximum number of downlink HARQ processes for the primary cell.

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

O |W|IN|FL|O

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

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

10
11
12
15
16
16
12

O WIN|IFL|O

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

OB |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, or

- upon detection of a PDCCH of the serving cell with DCI format 7-1A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G
intended for the UE in the first slot/subslot of a subframe
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- upon detection of a SPDCCH of the serving cell with DCI format 7-1A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G
intended for the UE in a slot/subslot

decode the corresponding PDSCH in the same subframe/sl ot/subslot with the restriction of the number of transport
blocks defined in the higher layers, unless specified otherwise.

For agiven serving cell, if the UE is configured with higher layer parameter blindSubframePD SCH-Repetitions, the UE
shall upon detection of a PDCCH/EPDCCH with DCI format 1A with CRC scrambled by C-RNTI in UE-specific
search space of subframe n, intended for the UE, decode, starting from subframe n, the corresponding PDSCH
transmission in k consecutive DL subframe(s) according to the PDCCH information, where the value of k is determined
by the repetition number field in the corresponding DCI. For k>1,

- if the UE is configured with transmission mode 1, 2, 3, 4, 5, 6, 7 or 8 for the serving cell, the k consecutive DL
subframes do not include MBSFN subframe(s).

- the UE shall assume the truncated modulation and coding scheme field isinterpreted such that the modulation
and coding scheme corresponding to DCI format 1A is determined from MCS indices O through 15 if the higher
layer parameter MCS-restrictionSubframePDSCH-Repetitionsis set to '1'.

-  The UE shall assume all the k PDSCH data transmissions are received in the same resource blocks.

- For TDD cell, the k consecutive DL subframes include the k DL subframes or special subframes according to the
UL/DL configuration indicated by higher layer parameter subframeAssignment for the serving cell.

- If the UE is configured with higher layer parameter EIMTA-MainConfigServCell-ri12, the UE shall discard
any PDCCH/EPDCCH for PDSCH data transmission with k>1 in a subframe which has been indicated as an
UL subframe or a specia subframe by higher layer parameter subframeAssignment but indicated asa DL
subframe by a PDCCH with CRC scrambled by el MTA-RNTI containing an UL/DL configuration for the
serving cell.

For agiven serving cell, if the UE is configured with higher layer parameter blindS otSubsl otPD SCH-Repetitions, the
UE shall upon detection of a PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC
scrambled by C-RNTI in slot/sublot n, intended for the UE, decode, starting from slot/subslot n, the corresponding
PDSCH transmission in k consecutive DL g ot(s)/subslot(s) according to the PDCCH/SPDCCH information, where the
value of k is determined by the repetition number field in the corresponding DCI. For k>1,

- the UE is not expected to receive the PDSCH data transmissions with more than two transmission layers.

- if the k consecutive DL dots/subslots cross two consecutive subframes with different downlink transmission
modes, the UE is not expected to receive the PDSCH data transmissions after the former subframe.

- for DCI format 7-1F/7-1G, the UE shall assume the value of the DM RS position indicator field (defined in 3GPP
TS36.212[4]) issetto 0.

- the UE shall assume the modulation and coding scheme corresponding to DCI format 7-1A/7-1B/7-1C/7-1D/7-
1E/7-1F/7-1G is determined from M CS indices 0 through 15 if the higher layer parameter MCS-
restrictionS otSubsl otPDSCH-Repetitionsis set to 1.

- the UE shall assume the "PDSCH RE Mapping and Quasi-Co-Location Indicator” field is applied to al the k
PDSCH datatransmissions signaled via PDCCH/SPDCCH with DCI format 7-1G.

- the UE shall assume the “precoding information” field is applied to all the k PDSCH data transmissions signaled
via PDCCH/SPDCCH with DCI format 7-1C.

- the UE shall assume the “TPMI information for precoding” field is applied to al the k PDSCH data
transmissions signaled via PDCCH/SPDCCH with DCI format 7-1D.

- the UE shall assume all the k PDSCH data transmissions are received in the same resource blocks.
- For FDD cdll,
- the UE may assume that the same precoder appliesto all scheduled k PDSCH transmissions.
- subslot O of asubframe is not counted as a DL subslot for k PDSCH transmissions if the CFl valueis 2 or 3.

- For TDD cell,
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- the UE may assume that the same precoder applies to those of the k scheduled PDSCH transmissions occur
between guard periods of two adjacent special subframes._

- the k consecutive DL dotsinclude the k DL slots of DL subframe or DWPT S according to the UL/DL
configuration indicated by higher layer parameter subframeAssignment for the serving cell.

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

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

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

A UE configured with the carrier indicator field for agiven serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in Subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in Subclause 9.1 when the PDCCH/EPDCCH CRC is scrambled by
C-RNTI or SPS C-RNTI.

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

If aUE is configured by higher layers to 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/SPDCCH 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.

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 71 ETSI TS 136 213 V15.13.0 (2021-05)

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 layersto 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)

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 with DCI formats other than 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G according to one of the
transmission modes, denoted mode 1 to mode 10. If the UE is configured with higher layer parameter dI-TTI-Length,
the UE is semi-statically configured via higher layer signalling to receive PDSCH transmissions signalled via
PDCCH/SPDCCH with DCI formats 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G according to

- one of the transmission modes, denoted mode 1, 2, 3, 4, 6, 9, 10 for frame structure type 1, and mode
1,2,3,4,6,8,9,10 for frame structure type 2 in non-MBSFN subframes.

- one of the transmission modes, denoted mode 9, 10 for frame structure type 1 and frame structure type 2 in
MBSFN subframes

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 aserving cell, if the UE is configured with higher layer parameter shortTTl, and if the UE does not support pdsch-
SotSubdg otPDSCH-Decoding (3GPP TS 36.331 [11]), the UE is not expected to receive PDSCH data transmissions
signalled via PDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI Formats other than DCI Format 7-1
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A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in a subframe, if also PDSCHs assigned by PDCCH/SPDCCH associated with DCI
Format 7-1 A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is received in the same subframe of the same serving cell. Additionally,
the UE shall transmit HARQ-ACK associated with both the subframe-PDSCH and slot/subslot-PDSCH, regardless of
the support of pdsch-SotSubsiotPDSCH-Decoding.

For a UE configured with higher layer parameter shortTTl, the UE may skip decoding any transport block(s) received in
PDSCH transmissions signalled via PDCCH/EPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI
Formats other than DCI Format 7-1 A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in the last Wp, subframesif the UE has
detected PDCCH/SPDCCH associated with DCI Format 7-1 A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, and if W, >0 is

indicated by skipSubframeProcessing capability [12]. If the UE skips decoding, the physical layer indicates to higher
layer that the transport block(s) are not successfully decoded.

For a UE configured with higher layer parameter shortTTl, and for PDSCH data transmissionsin subslot n signalled via
PDCCH/SPDCCH of aserving cell

- with DCI format 7-1F/7-1G, the UE is not expected to receive UE-specific reference signals corresponding to a
transport block mapped to more than two-layer spatial multiplexing in subslot n of subframe N,

- if the UE has received UE-specific reference signals corresponding to a transport block mapped to more than
two-layer spatial multiplexing in subslot n-1 of subframe N or

- if n=0 and if the UE has received UE-specific reference signals corresponding to a transport block mapped to
more than two-layer spatial multiplexing in subslot 5 of subframe N-1, and if the UE does not support dmrs-
RepetitionSubslotPDSCH (3GPP TS 36.331 [11])

- with DCI format 7-1F/7-1G, the UE may assume that UE-specific reference signals were present in those PRGs
of subslot n-1, where PDSCH is mapped to

if the DCI associated with the subslot-PDSCH indicates the absence of the UE-specific reference signal in subslot n
(See DMRS position indicator field in 3GPP TS 36.212 [4]).

For aserving cell, if the UE is configured with higher layer parameter shortTTl, the UE is not expected to receive

- PDSCH datatransmissions signalled via PDCCH/SPDCCH of the serving cell with CRC scrambled by the C-
RNTI/SPS C-RNTI and DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G for atransport block corresponding
to aHARQ process with NDI not toggled if the previous PDSCH transmission of the transport block was
signalled via PDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI with DCI format other than DCI format
7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G when the number of codewords for the previous PDSCH transmissionsis
two or the transport block size is more than the maximum transport block size supported for slot/subslot-PDSCH
transmission.

- PDSCH datatransmissions signalled via PDCCH/SPDCCH of the serving cell with CRC scrambled by the C-
RNTI/SPS C-RNTI and DCI format 7-1F/7-1G in subslot n, if the PDCCH/SPDCCH indicates the absence of the
UE-specific reference signal in subslot n and

- if n=0 and if the UE does not support dmrs-SharingSubslotPDSCH (3GPP TS 36.331 [11]) or

- if the UE has not received a PDCCH/SPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI
format 7-1F/7-1G in one subs ot before subslot n or

- if the UE has received a PDCCH/SPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI DCI format 7-
1F/7-1G in one subslot before subslot n indicating

- the absence of the UE-specific reference signal in one subslot before subslot n or
- the presence of the UE-specific reference signal in one subslot before subslot n

- if the PDSCH PRGs of one subslot before subslot n do not include all the PDSCH PRGs of subslot n
or

- if the number of antenna ports associated with the PDSCH of one subslot before subslot nislessthan
the number of antenna ports associated with the PDSCH of subslot n or
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- if the number of antenna ports associated with the PDSCH of both subslot n and one subslot before
subslot nis 1 but different antenna port is indicated between subslot n and one subdl ot before the
subslot n

The UE shall provide the HARQ-ACK response associated with the PDCCH/SPDCCH received in subslot n if
the UE has not received a PDCCH/SPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI format
7-1F/7-1G in one subslot before the subslot n.

For a UE configured with higher layer parameter shortProcessingTime,

the UE is not expected to receive PDCCH in common search space for which HARQ-ACK response shall be
provided in a subframe n, and PDCCH in UE specific search space for which HARQ-ACK response shall be
provided in the same subframe n.

the UE is not expected to receive PDCCH in common search space in subframe n, and PDCCH in UE specific
search space in the same subframe n.

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 isequal 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 PRBsto 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 allocation 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
collides in frequency with a transmission 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 isequal to four;

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

with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed
VRB resource alocation is assigned in the 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
synchronization signal in the same subframe and that capability is indicated by pdsch-CollisonHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.
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- If the UE isnot 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,.

- ifaUEisconfigured with higher layer parameter shortTTI for aserving cell, the UE is not expected to

- receive PDSCH data transmissions signalled via PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-
1D/7-1E/7-1F/7-1G in

- DwPTS when the UE is configured with specia subframe configuration 0 and 5;
- the second slot of DWPTS when the UE is configured with special subframe configuration 1, 2, 6 and 7.
- be configured with EIMTA-MainConfigServCell-r12 for the serving cell.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the UE is not expected to receive PDSCH data transmissions signalled via
PDCCH in common search space for which HARQ-ACK response shall be provided in a subframe n, and PDSCH data
transmissions signalled via PDCCH/EPDCCH in UE specific search space for which HARQ-ACK response shall be
provided in the same subframe n.

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 PDCCHsis by C-RNTI. The UE shall decode the PDCCH
DCI Format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G only if the UE is configured with higher layer parameter shortTTI.

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

If aBL/CE UE is configured by higher layers to 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
MPDCCHsisby 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 Format 6-1B.

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

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

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

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these 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-SCell SubframeConfig of serving cell ¢ except in subframes for the serving cell

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

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

A UE configured in transmission mode 10 can be configured with scrambling identities, n2VRS1 i =01 by higher

layers for UE-specific reference signal generation as defined in Subclause 6.10.3.1 of [3] to decode PDSCH according
to adetected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI
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Transmission Transmission scheme of PDSCH
mode el iomie! SEEE SPEEE corresponding to PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
2,% ;?rlrzat L UE specific by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
Common and - .
Mode 2 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Er%l ;?rln;at L 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 Large delay CDD (see Subclause 7.1.3) or Transmit
and 7-1B P y diversity (see Subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 4 - —
DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see Subclause
and 7-1C P Y 7.1.4)or Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCl format 1D | UE specific by C-RNTI Multi-user MIMO (see Subclause 7.1.5)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCl format 18 | UE specific by C-RNTI Clqsed-lqop spatial m_ult!plexmg (see Subclause 7.1.4)
Mode 6 using a single transmission layer
DCI format 7- Closed-loop spatial multiplexing (see Subclause 7.1.4)
UE specific by C-RNTI using a single transmission layer or transmit diversity
1D
(see Subclause 7.1.2)
If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A Sggmgcr;ﬁacng C-RNTI antenna port, port 0 is used (see Subclause 7.1.1),
P Y otherwise Transmit diversity (see Subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DCI format 1A UE specific by C-RNTI antenna port, port 0 is used (see Subclause 7.1.1),
P y otherwise Transmit diversity (See Subclause 7.1.2)
Dual layer transmission, port 7 and 8 (see Subclause
Mode 8 DCI format 2B UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1)
Dual layer transmission, port 7 and 8 (see Subclause
DCI format 7- i ) 7.1.5A) or single-antenna port, port 7 or 8 (see
1E UE specific by C-RNTI Subclause 7.1.1) or Transmit Diversity, port 7 and 8
(see Subclause 7.1.2)
. 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)
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 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
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DCI format 7-
1F

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if
UE is configured with higher layer parameter
semiOpenLoopSTTI

Up to 2 layer transmission, ports 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8, (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS
36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8, (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS
36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise; or single-antenna port, port 7 or 8
(see Subclause 7.1.1).

Mode 10

DCI format 1A

Common and UE specific by
C-RNTI

. Non-MBSFN subframe: 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)

e  MBSFN subframe: Single-antenna port, port 7
(see Subclause 7.1.1)

DCI format 2D

UE specific by C-RNTI

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 parameter
semiOpenLoop, up to 8 layer transmission, ports 7-14
(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

DCI format 7-
1G

US specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if UE
is configured with higher layer parameter
semiOpenLoopSTTI.

Up to 2 layer transmission, ports 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8, (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS
36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8 (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TxDiv-4layer-TM9/10 (3GPP TS
36.331

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise, or single-antenna port, port 7 or 8
(see Subclause 7.1.1)
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search . .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A tjEcsﬁ)_\,eﬁ'.lf_'lc Single-antenna port, port O (see Subclause 7.1.1)
Mode 1 UyE S
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)
by C-RNTI
Mode 2 UE specific
DCI format 1 by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1A t’yECSpReﬁ'.lf_'lc 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 E}IESH:;:_';: Transmit diversity (see Subclause 7.1.2)
Mode 4 DCI format 2 UE specific Closed-loop spatial multiplexing (see Subclause 7.1.4)or Transmit diversity
by C-RNTI (see Subclause 7.1.2)
DCI format 1A UE specific Transmit diversity (see Subclause 7.1.2)
by C-RNTI
Mode 5 UE specific
DCI format 1D by C-RNTI Multi-user MIMO (see Subclause 7.1.5)
DCI format 1A EESH:;'?;: Transmit diversity (see Subclause 7.1.2)
Mode 6 Y = - — - -
DCI format 1B UE specific Closed_-lopp spatial multiplexing (see Subclause 7.1.4) using a single
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b C-pRNTI used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause
Mode 7 y 7.1.2)
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b C-pRNTI used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause
Mode 8 y 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see Subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see Subclause 7.1.1)
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-tableAl,
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 Type0-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 ial 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)
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Table 7.1-5C: SPDCCH and PDSCH configured by C-RNTI

Transmission
mode

DCI format

Search Space

Transmission scheme of PDSCH
corresponding to SPDCCH

Mode 1

DCI format 7-1A

UE specific by C-RNTI

Single-antenna port, port 0 (see Subclause 7.1.1)

Mode 2

DCI format 7-1A

UE specific by C-RNTI

Transmit diversity (see Subclause 7.1.2)

Mode 3

DCI format 7-1B

UE specific by C-RNTI

Large delay CDD (see Subclause 7.1.3)

Mode 4

DCI format 7-1C

UE specific by C-RNTI

Closed-loop spatial multiplexing (see Subclause 7.1.4) or
Transmit diversity (see Subclause 7.1.2)

Mode 6

DCI format 7-1D

UE specific by C-RNTI

Closed-loop spatial multiplexing (see Subclause 7.1.4)
using a single transmission layer or Transmit diversity
(see Subclause 7.1.2)

Mode 8

DCI format 7-1E

UE specific by C-RNTI

Dual layer transmission, port 7 and 8 (see Subclause
7.1.5A) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or Transmit Diversity, port 7 and port 8 (see
Subclause 7.1.2)

Mode 9

DCI format 7-1F

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if UE
is configured with higher layer parameter
semiOpenLoopSTTI.

Up to 2 layer transmission, ports 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or transmit diversity, port 7-8, (see Sublause 7.1.2)
if the UE is configured with slotSubslotPDSCH-TXDiv-
2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or transmit diversity, port 7-8 (see Subclause 7.1.2)
if the UE is configured with slotSubslotPDSCH-TXDiv-
4layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise; or single-antenna port, port 7 or 8 (see
Subclause 7.1.1).

Mode 10

DCI format 7-1G

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if UE
is configured with higher layer parameter
semiOpenLoopSTTI.

Up to 2 layer transmission, port 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or transmit diversity, port 7-8 (see Subclause 7.1.2)
if the UE is configured with slotSubslotPDSCH-TXDiv-
2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (See
Subclause 7.1.1) or transmit diversity, port 7-8 (see
Subclause 7.1.2) if the UE is configured with slotSubslot
PDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise; or single-antenna port, port 7 or 8 (see
Subclause 7.1.1).

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the 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 unless the UE is configured with higher layer parameter shortProcessingTime and
for DCI formats 1/1A/2/2A/2B/2C/2D mapped onto the UE-specific search space. The same PDSCH related
configuration appliesin the case that a PDSCH is transmitted without a corresponding PDCCH. The scrambling
initialization of PDSCH corresponding to these PDCCHs and PDSCH without a corresponding PDCCH is by SPS C-

RNTI.

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

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-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 layersto be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D/7-1F/7-
1G except when the UE is configured with higher layer parameter shortProcessingTime and with DCI format 1A/2C/2D
mapped onto the UE-specific search space, or upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI
with DCI format 1A/2C/2D, or upon detection of a SPDCCH with CRC scrambled by the SPS C-RNTI with DCI
format 7-1F/7-1G, or for a configured PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH
in the same subframe/sl ot/subslot.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2VRS1 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
- PDCCH/SPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 7-1G
intended for the UE.

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

identity of N\ (as defined in Subclause 6.10.3.1 of [3]) derived from the DCI format 2D/7-1G corresponding to the
associated SPS activation for UE-specific reference signal generation.
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Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission

Transmission scheme of PDSCH corresponding to

mode DCI format Search Space PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
gr(]:dl f;;n;at 1 UE specific by C-RNTI | Single-antenna port, port O (see Subclause 7.1.1)
Common and - .
Mode 2 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
grijl f;rlrzat L 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)
gr(]:dl ;?Téat 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 DCI format 2 Transmit diversity (see Subclause 7.1.2)
UE specific by C-RNTI o
and 7-1C
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
]I?éll format 7- UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and .
Mode 7 DCI format 1A UE specific by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see Subclause 7.1.1)
Common and .
Mode 8 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7(see Subclause 7.1.1)
gr(]:dl fY?rlnéat 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
Common and h
DCI format 1A UE specific by 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
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-tableAlt,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
Mode 9 Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter semiOpenLoopSTTI,
Transmit diversity, port 7-8, (see Subclause 7.1.2) or single
X " . antenna port, port 7 or 8, (see Subclause 7.1.1) if UE is
DCI format 7-1F | UE specific by C-RNTI configured with higher layer parameter slotSubslotPDSCH-
TXDiv-2layer-TM9/10 or subSlotslotPDSCH TS 36.331 [11]).
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.
Common and .
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
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-tableAl,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
Mode 10 configured with higher layer parameter semiOpenLoop,

DCI format 7-
1G

UE specific by C-RNTI

Transmit diversity, port 7,8 (see Subclause 7.1.2) or single
antenna port, port 7 or 8, (see Subclause 7.1.1) if UE is
configured with higher layer parameter slotSubslotPDSCH-
TXDiv-2layer-TM9/10 or slotSubslotPDSCH-TXDiv-4layer-
TM9/10 (3GPP TS 36.331[11]).

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 gFR?\lp.ﬁc'f'C by Single-antenna port, port O (see Subclause 7.1.1)
Mode 1 —
DCI format 1 (L;EER?\IpTe]uflc by Single-antenna port, port 0 (see Subclause 7.1.1)
DCI format 1A (L;_ER?\lp{eICIflc by Transmit diversity (see Subclause 7.1.2)
Mode 2 —
DCI format 1 g_ER?\lp.ﬁcmc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A gER?\lpﬁmﬁc by Transmit diversity (see Subclause 7.1.2)
Mode 3 . —
DCI format 2A (L;EER?\IpTe]uflc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A (L;_ER?\lp{eICIflc by Transmit diversity (see Subclause 7.1.2)
Mode 4 —
DCI format 2 g_ER?\lp.ﬁcmc by Transmit diversity (see Subclause 7.1.2)
Mode 5 DCI format 1A gFR?\lp.ﬁCIflc by Transmit diversity (see Subclause 7.1.2)
Mode 6 DCI format 1A (L;EER?\IpTe]uflc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A (L;_ER?\lp{eICIflc by Single-antenna port, port 5 (see Subclause 7.1.1)
Mode 7 —
DCI format 1 gFR?\lp.ﬁc'f'C by Single-antenna port, port 5 (see Subclause 7.1.1)
DCI format 1A gER?\lp_ﬁuflc by Single-antenna port, port 7(see Subclause 7.1.1)
Mode 8 . —
DCI format 2B (L;EER?\IpTe]uflc by Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
DCI format 1A gFR?\lp{elc'f'C 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 gFR?\lpﬁcmc 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

Trannirgésesion fo?r(rilat Search Space Transmission scheml\e/“glfgzléiCH 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.
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Table 7.1-6C: SPDCCH and PDSCH configured by SPS C-RNTI

mode

Transmission

DCI format

Transmission scheme of PDSCH

SR HPEee corresponding to SPDCCH

Mode 1

DCI format 7-1A

UE specific by C-RNTI Single-antenna port, port 0 (see Subclause 7.1.1)

Mode 2

DCI format 7-1A

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 3

DCI format 7-1B

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 4

DCI format 7-1C

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 6

DCI format 7-1D

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 8

DCI format 7-1E

UE specific by C-RNTI Single-antenna port, port 7 or 8 (see Subclause 7.1.1)

Mode 9

DCI format 7-1F

Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter
semiOpenLoopSTTI.

Transmit diversity, port 7-8, (see Subclause 7.1.2) or
single antenna port, port 7 or 8, (see Subclause 7.1.1) if
UE is configured with higher layer parameter
slotSubslotPDSCH-TXDiv-2layer-TM9/10 or
slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS
36.331 [11]).

UE specific by C-RNTI

Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.

Mode 10

DCI format 7-1G

Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter
semiOpenLoopSTTI.

Transmit diversity, port 7-8, (see Subclause 7.1.2) or
single antenna port, port 7 or 8, (see Subclause 7.1.1) if
UE is configured with higher layer parameter
slotSubslotPDSCH-TXDiv-2layer-TM9/10 or
slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS
36.331 [11]).

UE specific by C-RNTI

Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHSs 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 MPDCCHSs 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 MPDCCHs is 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 Commoq _and If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
UE specific ] o ;

1A Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
by Temporary C-RNTI

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)
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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 ng;p , nl(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 isset 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
{7,8t isnot associated with transmission of PDSCH to another UE.

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

cannot assume that the other antenna portsinthe set {7,81113 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].
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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.

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

Downlink power offset field | Oyer ofteet [B]

0 -10l0g10(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{1113 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 {7,811,13 isnot associated with transmission of PDSCH to
another UE.

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource allocation 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]), wheretypeOis
indicated by O value and type 1 isindicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have atype 2
resource allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
PDCCH DCI formats with atype 2 resource alocation do not have a resource allocation header field.

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

If the UE is configured with higher layer parameter shortTTIl, PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-
1D/7-1E/7-1F/7-1G utilizes a higher layer configured resource allocation type O or resource allocation type 2.

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 0 resource allocation.

elseif 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,

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 88 ETSI TS 136 213 V15.13.0 (2021-05)

For system bandwidth larger than 1.4 MHz,
MPDCCH with DCI format 6-1A utilizes same type 2 resource alocation 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 aUE 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 transmissionModeList-r12 associated with the cell
except spatia 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 allocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding applies to all PRB pairs within a set.

For a BL/CE UE, the resource allocation for PDSCH carrying SystemlnformationBlockTypel-BR and SI messagesis a
set of six contiguously allocated localized virtual resource blocks within a narrowband. The number of repetitions for
the PDSCH carrying SystemlnformationBlockTypel-BR is determined based on the parameter schedulinginfoS B1-BR
configured by higher-layers and according to Table 7.1.6-1. If the value of the parameter schedulinglnfoS B1-BR
configured by higher-layersis set to 0, UE assumes that Systeml nformationBlockTypel-BRis not transmitted.

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
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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
N2 =50 | NX=75 | N2 =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 Resource allocation type 0

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

For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag isset 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'B,=6- {N_gBJ and N'25 isusedinplaceof N2y for therest of this sub-clause, unless explicitly
mentioned.
otherwise

- Resource block group size (P) isafunction of the system bandwidth as shown in Table 7.1.6.1-1A if aUE is
configured with higher layer parameter shortTTI and for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G,
Table 7.1.6.1-1 otherwise.

For DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the total number of RBGs ( Ngg ) for
downlink system bandwidth of NS5 isgiven by Nggg = ’_N Rs P-‘ where LN Rs | PJ of the RBGs are of size P and if
N2 modP >0 then one of the RBGsis of sizeNB; — P-[NB% /P . If aUE is configured with higher layer
parameter shortTTI and for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the total number of RBGs ( Ngg ) for
downlink system bandwidth of NQ5 isgivenby N = I_N o ! Pthere Ngee — RN ° mod P)/ PW of the
RBGsare of sizePandif N2t mod P >0 thenthelast RBGsisof size P+ N modP . The bitmap is of size

N g 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 RBGs shall be indexed according to RBG indexing described in Subclause 8.1.5.1 by replacing N q5¢ with
Nggc » 'Uplink' with ‘downlink', and Ngg with N5 (butnot N'Rg).
otherwise

- For DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the RBGs shall be indexed in
the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency.

- For DCI formats 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the RBGs shall be indexed in the order of increasing
frequency and non-decreasing RBG sizes starting at the lowest frequency.
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The order of RBG to bitmap bit mapping is such that RBG 0 to RBG NRE;G —1 are mapped to MSB to LSB of the

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

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

System Bandwidth | RBG Size
NRL P
<10 1
11-26 2
27 - 63 3
64 — 110 4

Table 7.1.6.1-1A: Type O resource allocation RBG size vs. Downlink System Bandwidth for DCI format
7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G

System Bandwidth | RBG Size
NGS P)
<10 1
11 -24 2
25 -63 6
64 — 110 12

7.1.6.2 Resource allocation type 1

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

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

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

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

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

The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
allocated to the UE if the corresponding bit value in the bit field is 1, the VRB is hot alocated to the UE otherwise. The

portion of the bitmap used to address VRBs in a selected RBG subset has size N&5™' and is defined as
N = (NG 1] ~log, (P)] -1

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

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

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

subset P isgivenby Ay (p) = NS (p)— Npa ", where the LSB of the bitmap isjustified with the

highest VRB number within the selected RBG subset. N5 ° ™

can be calculated by the following equation,

(p) is the number of VRBsin RBG subset | and
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DL DL
NLZ:L P+P ,p< M‘ mod P
P P
DL DL
NRBC subst () NR;Z 1 P+(NRs ~)modP+1 ,p= —NRE;D ! modp
R~ |.P ,p>|—F8——|modP
P P

Consequently, when RBG subset p isindicated, bit i for i =0,1,---,N2¥PE' —1 in the bitmap field indicates VRB
number,

RBGsubset( ):r +Agisi (P)

noeo 5 JP2+ p-P+(i +Agir (p))mod P .

7.1.6.3 Resource allocation type 2

For BL/CE UEs with resource allocation type 2 resource assignment, Nt =6 and N{rz =6 isusedin 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 and
localized virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH/SPDCCH
DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G. Localized VRB alocations for aUE vary from asingle VRB up to
a maximum number of VRBs spanning the system bandwidth. For DCI format 1A the distributed VRB alocations for a
UE vary fromasingleVRB upto NP-. VRBs, where NPt isdefinedin[3], if the DCI CRC is scrambled by P-

VRB VRB
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 allocations for a
UE vary fromasingleVRB upto NJ:, VRBsif NpZ- is6-49 and vary fromasingle VRB upto 16if NSt is50-

110. With EPDCCH DCI format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with aCRC
scrambled with C-RNTI, SPS C-RNTI distributed VRB alocations for aUE vary fromasingleVRB upto N2t

VRB
VRBsif NZ is6-49 and vary fromasingle VRB upto 16if NZ: is50-110. With PDCCH DCI format 1C and 7-
1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, VRB alocations for aUE vary from N3¥ VRB(s) up to LN oINS J N S
VRBswith anincrement step of N3, where N3 valueisdetermined depending on the downlink system bandwidth
asshown in Table 7.1.6.3-1 for DCI format 1C and Table 7.1.6.3-1A for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G.

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

System BW ( NRDé‘) Nge
DCI format 1C
6-49 2
50-110 4
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Table 7.1.6.3-1A: Nzs values vs. Downlink System Bandwidth

System BW ( N%‘)

step
N RB

DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G

20 -26 4
27 -63 6
64 — 110 4

For PDCCH DCI format 1A, 1B, or 1D or for PDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and N,SBL

<20, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A, or for SPDCCH DCI format 7-
1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and N 2% <20, atype 2 resource allocation field consists of aresource indication

value (RIV) corresponding to a starting resource block ( RBg,,; ) and alength in terms of virtually contiguously

allocated resource blocks L opgs-

The resource indication value is defined by
it (Lagge —1) <[ N2 /2] then
RIV =N RDI;_ (Lerps —1) + RByan

else

RIV = Ngg (Nrg — Lomss +1) + (Nrs —1- RByy)

where Lcpge> 1 and shall not exceed Ny, — RBy,, .

For aBL/CE UE configured with CEModeA, and configured with higher layer parameter ce-PDSCH-
FlexibletartPRB-AllocConfig-r15, and 0< RIV —NRg (NRs +1)/2<10, the RBgy, and Logg, isdetermined

according to Table 7.1.6.3-2 where,

- Nygo,N\gs isthesmallest and the largest physical resource-block number, respectively, of the allocated

narrowband as defined in Subclause 6.2.7 of [3]

- NR§ isthevalue of the downlink system bandwidth

- Pisthe RBG size associated with the downlink system bandwidth, NRs , according to Table 7.1.6.1-1

n _
] nRBzmin(P{ N;'5J+P, Nggj_nNBS_l

- Physical resource-blocks with indices

- Legps shall not exceed (Ngs —Nyg o —

DL

RBgyat +1 <0 or RByyi+12Ngg, 1=01,...Leggs—1 correspond to
physical resource-blocks outside the allocated narrowband relative to physical resource-block nyg

RByart )
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Table 7.1.6.3-2: RByy; and Lcggfor ORIV —NRs(NRs +1)/2<10 and CEModeA

RIV —N2Y (N2E +1)/2 RBgart Lo

N\g,o
P = |-n
{ P J NB,0

Nrs
Ngg +1

Ngg +2

Neg +3

© |0 [ N[O |0 |BhWIN|F|O

N| W & O OO0~ |W|IN

Ngg +4

For PDCCH DCI format 1C or for PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and
N2 > 20, atype 2 resource block assignment field consists of aresource indication value (RIV) corresponding to a

virtual starting resource block (RBg, =0, N3P, 2N3P,..., (|_N\E’;B/N§§’J—1)N§§’)and alength in terms of virtually
contiguously allocated resource blocks (Leges = N3P, 2N ..., [ND5, /NP |- NEP).

The resource indication value is defined by:
. ’ /DL
it (L —1) <| N2 /2] then
RIV = N\,/glé (LéRBS -D+ RB;(art
else
RIV = Ngg (NG — Lirss +2) + (Nigs —1— RBL,,,)
, = ’ = /DL DL st
where Liggs = Lergs/ Nig» RBlat = RBya / Nig® and Nigg = \_NVRB I Ngg’ J and where

L{nee> 1 and shall not exceed N/pog — RB. -

For PDCCH DCI format 1C or for PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and
N> > 26, the starting resource block index is the same as the virtual starting resource block index ( RBStart ). For
PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and 20< N2* < 26, the LSB of RIV indicates

RB —

whether the starting resource block index is RBg,,, or RBg,, + 2(vaueOindicates RBg,,, and value1indicates
RB

<art T 2). In case of resource allocation signalled with

- PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D, and 20< NP: < 26, if the resource allocation indicates

RB —
the corresponding PDSCH is mapped to RB index 23, the UE shall assume the PDSCH is aso mapped to RB
index 24.

- PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, and 27< N% <63, if the resource
alocation indicates the corresponding PDSCH is mapped to RB index 47, the UE shall assume the PDSCH is
also mapped to RB index 48 and 49.

- PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D, and 64 < N2 < 75, if the resource alocation indicates

the corresponding PDSCH is mapped to RB index 71, the UE shall assume the PDSCH is also mapped to RB
index 72, 73 and 74.
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- PDCCH/SPDCCH DCI format 7-1E/7-1F/7-1G, and 64 < N 2 < 75, if the resource allocation indicates the

corresponding PDSCH is mapped to RB index 71, the UE shall assume the PDSCH is also mapped to RB index
72, and 73.

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 UEsis 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 is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r11

- paesat js given by the higher-layer parameter epdcch-SartSymbol-r11.

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

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

received,

- Otherwise

- 'baasat s given by the CFI value in the subframe of the given serving cell when NB% >10, and | patasiart

is given by the CFI value + 1 in the subframe of the given serving cell when N5 <10.

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

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

- paesant g given by the span of the DCI given by the CFI value in the subframe of the given serving cell

according to Subclause 5.3.4 of [4].

- if the PDSCH 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

- paasat jg givenby | for the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

EPDCCHStar t

received (| asdefined in Subclause 9.1.4.1),

EPDCCHStar t

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

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

received.

- otherwise

- 'baasat s given by the CFI value in the subframe of the given serving cell when NEL >10, and

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

- if the PDSCH isassigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7
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- if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 intable 7.1.9-1
for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

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

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

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

isreceived
- otherwise

- owmsan g given by the CFl value in the subframe of the given serving cell when NR5 >10, and

lbassart s given by the CFI value + 1 in the subframe of the given serving cell when NB2% <10.

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

- oaasar = MiN(2, IDataStart),

- otherwise

- l DataStart l DataStart |

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

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

| paesar 1S QiVEN by parameter pdsch-Start-r11 determined from the DCI (according to Subclause 7.1.9)

for the serving cell on which PDSCH is received except if UE is configured with Type C quasi co-
location and when two codewords are transmitted then |- is given by the maximum of the pdsch-

DataStart
Sart-r1land pdsch-Sart2-r15 parameters,
- esg
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

| paesar 1S QiVEN by the higher-layer parameter pdsch-Sart-r10 for the serving cell on which PDSCH
isreceived

- Otherwise

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

'bassart s given by the CFI value+1 in the subframe of the given serving cell when NB% <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,

- | patasiar = MIN(2, llv)ataSlan) ,

- otherwise

- l DataStart l DataStart |
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7.1.6.4A PDSCH starting position for BL/CE UEs

The starting OFDM symbol for PDSCH is given by index |pg.qqt inthefirst slotinasubframe K and is determined
asfollows

- for reception of SIB1-BR

- lpaasat = 3if N35 > 10 for the cell on which PDSCH is received
| paasat =41f NRg <10 for the cell on which PDSCH is received
- ese

I,'MaStart 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

lDataStart = mln(z’lDaIaStart)
- dse

DataStart lDataStart .

7.1.6.5 Physical Resource Block (PRB) bundling

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

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

- if PMI/RI reporting is configured for all configured CSI processes for the serving cell ¢, the UE may assume that
precoding granularity is multiple resource blocksin the frequency domain,

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

If the UE is non-BL/CE UE, fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size P’
partition the system bandwidth and each PRG consists of consecutive PRBs. The PRG size a UE may assume for a

given system bandwidth is given by Table 7.1.6.5-1. If N% modP’>0 then one of the PRGsis of size

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

If the UE isa BL/CE UE not configured with higher layer parameter ce-PDSCH-FlexibleStartPRB-AllocConfig-r15,

PRGs of size P’ =3 partition a narrowband with RB indices 0-2 in the narrowband in one PRG and RB indices 3-5in
the narrowband in another PRG.

If the UE isaBL/CE UE configured with CEModeA and configured with higher layer parameter ce-PDSCH-
FlexibleStartPRB-AllocConfig-r15,

- if 0 <RIV - NPE(NEE +1)/2 <5 inTable7.1.6.3-2, then the set of two PRGsis starting from RBg.q,¢;
- if 5 <RIV — NRE(NEE +1)/2 < 10, then the set of two PRGsisending ending a (RBsiar: + Lerps — 1)-

If the UE isaBL/CE UE configured with CEModeB and configured with higher layer parameter ce-PDSCH-
FlexibleStartPRB-AllocConfig-r15, the set of PRGs s starting from the lowest RB of the narrowband ny shifted by

nimst according to Table 6.2.7-1 [3].
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Table 7.1.6.5-1
System Bandwidth PRG Size ( P')
(NRs (PRBs)
<10 1
11 - 26 2
27 — 63 3
64 — 110 2

For a UE configured for transmission mode 9, 10 using frame structure type 1 or transmission modes 8, 9, 10 using
frame structure type 2, for a given serving cell ¢ and for slot/subslot-PDSCH transmissions, precoding granularity is 2
resource blocks in frequency domain. Precoding Resource block Groups (PRGS) of size 2 partition the system
bandwidth and each PRG consists of consecutive PRBs. The UE is expected to receive UE-specific reference signa
corresponding to a PDSCH over both resource blocks of aPRG. If N2 mod2 > 0 then, PDSCH is not mapped to

the last resource block. The UE may assume that the same precoder applies on the two PRBs within a PRG.
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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

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the DCI is
mapped onto the UE specific search space and the repetition number field in the DCI indicates PDSCH
repetition level 1
- read the 5-bit extended "modulation and coding scheme ( | ¢ )" field in the DCI

- otherwise

- read the 4-bit "modulation and coding scheme ( | ,%,,CS )" field inthe DCI

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

- read the 3-bit "modulation and coding scheme ( | 1, )" field in the DCI

- The UE isnot expected to receive a DCI format 6-2 indicating |, > 7

- €elseif PDSCH isassigned by MPDCCH DCI format 6-1B

1

- read the 4-bit "modulation and coding scheme ( | ;. )" field inthe DCI and set |755=1+

MCS *
- €eseif PDSCH carriers Systeml nformationBlockTypel-BR
- st |55 tothevalue of the parameter schedulinginfoS B1-BR configured by higher-layers
- otherwise
- read the 5 or 6-bit "modulation and coding scheme” field (1,5 ) 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, t0 Nigg from Subclause 5.3.3.1.3in [4]
- for DCI format 1C:

- useTable7.1.7.2.3-1 for determining its transport block size.

else
- 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 columnindicator N, to Nppg from Subclause 5.3.3.1.12in [4]

- elseif 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
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- use Subclause 7.1.7.2.7 for determining its transport block size.
- €eseif 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,

- 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:

N, =max{| N’ x0.375|, 1l
- setthe Table 7.1.7.2.1-1 column indicator PRE {L PRB J |

- for other specia subframe configurations:

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

- elsesetthe Table 7.1.7.2.1-1 columnindicator Npgs = Nigg -

- otherwise

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

- if the higher layer parameter altMCS-Table is not configured, or for PDSCH assigned by DCI other than DCI
format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI; if the transport block is transmitted in
DwPTS of the special subframe in frame structure type 2, or is transmitted in the subframes with the same
duration as the DwWPTS duration of a special 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:

N... =max{| N..x0.375(, 1
- setthe Table 7.1.7.2.1-1 column indicator PRE {L P8 J }

- for other specia subframe configurations:
- settheTable7.1.7.2.1-1 columnindicator Npgg = max{L [\, ><O.75J, 1} :

- eseif the higher layer parameter altMCS-Table is configured, and for PDSCH assigned by DCI format
1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI; if the the transport block transmitted 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

- if 44 < Iyes < 58, st a to higher layer parameter altMCS-Table-scaling, otherwise ¢ = 1

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

- settheTable 7.1.7.2.1-1 column indicator Npgrg = max{|Npgrs X 0.375x al,1}
- for other special subframe configurations:

- setthe Table 7.1.7.2.1-1 column indicator Npgp = max{|Npgs X 0.75 X «a/, 1}
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- eseif the higher layer parameter altMCS-Table is configured, and for PDSCH assigned by DCI format
1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI; then
- if 44 < Iycs < 58, st a to higher layer parameter altMCS-Table-scaling, otherwise ¢ = 1

- sattheTable 7.1.7.2.1-1 columnindicator Npgrp = max{|Njpgs X «al, 1}
- else, setthe Table 7.1.7.2.1-1 columnindicator Npgg = Npgg -

- for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the derived transport block size (after TBS
trandation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more

1
than one spatial layer) is scaled by o (& = 0.5for Slot-PDSCH, and o¢ = E for subslot-PDSCH), then
rounded to the closest (NOTE 1) valid transport block sizein
- Table7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

- Theunion of Table7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial
layers,

- Theunionof Table7.1.7.2.1-1 and Table 7.1.7.2.4-1 when the transport block is mapped to three spatial
layers,

- Theunionof Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1 when the transport block is mapped to four spatial
layers.

If the scaled TBSis closest to two valid transport block sizes, it is rounded to the larger transport block size.
NOTE 1: In the rounding procedure, and for a given serving cell:

- For UEs configured with neither altCQI-Table1024QAM-STTI nor altCQI-TableSTTI, the UE shall only include
in the rounding procedure the TBS entries present in Table 7.1.7.2.1-1 with Iz < 26A4, and the entriesin
7.1.72.2-1,7.1.7.24-1,7.1.7.25-1 for whichthe TBS_L1 ispresent in Table 7.1.7.2.1-1 with I; 55 < 26A.

- For UEs configured with altCQI-TableSTTI, the UE shall only include in the rounding procedure the TBS entries
present in Table 7.1.7.2.1-1 with Iz < 33B, and theentriesin 7.1.7.2.2-1, 7.1.7.2.4-1, 7.1.7.2.5-1 for which
the TBS L1lispresentin Table 7.1.7.2.1-1 with ;55 < 33B.

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 specia subframe configuration 10
configured by the higher layer signalling ssp10-CRS-LessDWPTS, a non-BL/CE UE shall assume thereis 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, |, isused in place of 1, 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 Sl 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 altMCS Table 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 theassigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel,.sand Table
7.1.7.1-1C to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical
downlink shared channel issetto Q_=Q, ;

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

elseif the higher layer parameter altCQI-Table-1024QAM-r15 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
7.1.7.1-1B 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 ,,.sand Table 7.1.7.1-1B to determine the modulation order (Q,,) used in the
physical downlink shared channel.

elseif the higher layer parameter altCQI-Table-1024QAM-STTI_r15 is configured, and if the PDSCH is assigned
by a PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-
RNTI or SPS-C-RNTI,

- theUEshall usel,,.sand Table 7.1.7.1-1B to determine the modulation order (Q,, ) used in the physical
downlink shared channel.

elseif 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 is transmitted 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 shdll usel,,. and Table 7.1.7.1-1A to determine the modulation order (Q,,) used in the
physical downlink shared channel.
else

- if the higher layer parameter altCQI-Table-STTI-r15 is configured, and if the PDSCH is assigned by a
PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI,

- the UE shal usel ;g and Table 7.1.7.1-1A to determine the modulation order (Qp) used in the physical
downlink shared channel.

- 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 shdll 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
| ves Qn Qn | 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
| es Qn Qn | res
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
Ives Qn Qm I 185
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

Table 7.1.7.1-1B. Modulation and TBS index table 3 for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
I MCS 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 11
6 4 6 13
7 4 8 15
8 6 8 16
9 6 8 18
10 6 8 20
11 6 8 21
12 6 8 22
13 6 8 23
14 6 8 24
15 8 8 25
16 8 8 27
17 8 8 28
18 8 8 29
19 8 8 30
20 8 8 31
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MCS Index | Modulation Order | Modulation Order | TBS Index

Iics Qn Qn I 165

21 8 8 32

22 8 8 33/33A/33B

23 10 10 34A

24 10 10 35

25 10 10 36

26 10 10 37A/37

27 2 2

28

29 6 reserved

30 8

31 10 10

Table 7.1.7.1-1C. Modulation and TBS index table 4 for PDSCH

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

ETSI




3GPP TS 36.213 version 15.13.0 Release 15 105 ETSI TS 136 213 V15.13.0 (2021-05)

MCS Index | Modulation Order | Modulation Order | TBS Index
e Qm Qn I es
28 6 6 27
29 6 6 28
30 8 8 25
31 8 8 27
32 8 8 28
33 8 8 29
34 8 8 30
35 8 8 31
36 8 8 32
37 8 8 33A
38 8 8 33/33B
39 10 10 34A
40 10 10 35
41 10 10 36
42 10 10 37A
43 10 10 37

44 2 2

45 2 2

46 4 6

47 4 6 11
48 4 6 13
49 6 6 15
50 6 6 17
51 6 6 19
52 6 6 21
53 8 8 25
54 8 8 28
55 8 8 30
56 8 8 32
57 10 10 34A
58 10 10 36
59 2 2

60

61 6 6 Reserved
62

63 10 10

For agiven serving cell, if the UE is configured with higher layer parameter blindSubframePDSCH-Repetitions, for
PDSCH transmitted in a given block of k subframes corresponding to DCI format 1A with CRC scrambled by C-RNTI

in UE-specific search space, the redundancy version (rvig) for the | ™ subframe is determined accordi ng to

- Table7.1.7.1-2using V=] +rvyy)mod4,where j=0,1,....k—1 if the configured higher layer
parameter RV-cyclingSequenceSubframePD SCH-Repetitions parameter is set to {0,2,3,1}

- Otherwise, v = 0Ofor all of thek PDSCH transmissions.
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wherethe value of 'V, and k are determined by the 'Redundancy version' and 'Repetition number' fields in the
corresponding DCI, respectively.

For agiven serving cell, if the UE is configured with higher layer parameter blindS otSubsl otPD SCH-Repetitions, for
PDSCH transmitted in a given block of k slots/subslots corresponding to DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-

1F/7-1G, the redundancy version (rvig) for the | " yot/subslot is determined accord ng to

- Table7.1.7.1-2using rv=(]+rvyy)mod4,where j=0,1,...,k—1 if the configured higher layer
parameter RV-cyclingSequenceS otsublotPD SCH-Repetitions parameter is set to '{0,2,3,1} ;

- Otherwise, v = 0Ofor all of the k PDSCH transmissions.

wherethe value of 'V, and k are determined by the 'Redundancy version' and 'Repetition number' fields in the
corresponding DCI, respectively.

For a UE configured with altMCS-Table, the UE is not expected to receive a PDSCH with a modulation order of
1024QAM unless configured with altCQI-Table-1024QAM-r 15, and the UE is not expected to receive a PDSCH with a
modulation order of 256QAM unless configured with altCQI-Table-r12 or altCQI-Table-1024QAM-r 15.

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 (nab&1 -0 )mod N, =0,
where =0 for FDDand & =2 for TDD. Denote Ig asthe 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 N;ESCH

consecutive subframes including subframes that are not BL/CE DL subframes where the PDSCH transmission is

postponed. For the j™ block of N .. consecutive subframes within the set of N ng;SCH subframes, the redundancy

version (rvi) is determined according to Table 7.1.7.1-2 using IV = (] + v )mod4, where
PDSCH :
Nabs + ((IO - 5) mod Nacc)
NEX:C
sequential in time, startingwith ] =0 to which subframeio belongs. For a BL/CE UE configured in CEModeA,

Nyc =1 and 'V, isdetermined by the 'Redundancy version' field in DCI format 6-1A. For aBL/CE UE
configured with CEModeB, or a BL/CE UE receiving PDSCH associated with P-RNTI, N, =4 for FDD and
Nae =10 for TDD, and 'V =0.

j=01,...,J™%" -1 and J7P5H = —I.The JPPSCH plocks of subframes are

Table 7.1.7.1-2: Redundancy version

Redundancy version Index
rv 'Vidx
0 0
1 2
2 3
3 1
7.1.7.2 Transport block size determination

For BL/CE UEs configured with CEModeA, | ,%,,CS isusedin place of 1,5 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:
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- the UE shall setthe TBSindex (I,4) equal to 1, and determineits TBS by the procedure in Subclause
7.1.7.21f0or 0<1,55<26.

- for DCI format 1C and DCI format 6-2:
- the UE shall setthe TBSindex (I, ) equal to 1, and determineits TBS from Table 7.1.7.2.3-1.
elseif the DCI CRC is scrambled by SC-RNTI then
- the UE shall setthe TBSindex (I, ) equal to 1, and determineits TBS from Table 7.1.7.2.3-1.

else if the higher layer parameter altMCS Table is configured, and for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC
scrambled by C-RNTI

- for 0 < Iyes £ 58, the UE shall first determinethe TBSindex (1,5 ) Using I, and Table 7.1.7.1-1C except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When I, = 38, if
the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in tbsIndexAlt2, 1., is33B;

otherwise 1., is33. 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.

- for 59 < Iy < 63, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 < I < 58.

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

wes =0 and if rvie = 1 otherwise the

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 shall first determine the TBS index (1 ,55) Using I ,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 TBSis 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 | atest
PDCCH/EPDCCH for the same transport block using 0< |, < 33. If thereisno 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,,.s <27, the UE shall first determine the TBSindex (1,5 ) using I s and Table 7.1.7.1-1A except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . = 27,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbsindexAlt, |.,s iS33A, or if
the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in tbsindexAlt2, |, is33B;

otherwise 1., 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
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block that is mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in Subclause
7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined by
the procedure in Subclause 7.1.7.2.5.

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

MCs <

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

wes =0 and if rviex = 1 otherwise the

else if the higher layer parameter altCQI-Table-STTI-r15 is configured, then

- for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by SPS C-RNTI:

for 0<1,,cs < 28, the UE shall determine the TBS index (1g5) using | s by the procedure in Subclause
7.1.7.

for29<1,,cs< 31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/SPDCCH for the same transport block using 0<1,;4<33. If thereis no PDCCH/SPDCCH for the

same transport block using0<1,5<26, and if the initial PDSCH for the same transport block is semi-

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

- for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI

for 0<1,,cs< 27, the UE shall first determinethe TBSindex (I,55) using l ,cs and Table 7.1.7.1-1A.
When |, = 27, if the UE is scheduled by DCI formats 7-1F/7-1G and is configured with a33 in
tbsindexAlt-STTI, 1., is33A, or if the UE is scheduled by DCI formats 7-1D/7-1C/7-1B and is configured

with b33 in tbsindexAlt2-STTI, |,,s is33B; otherwise 1,55 is33.When |,,.s=27, |z is33. TheTBSis
determined by the procedure in Subclause 7.1.7.

for 28<1,,.s<31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/SPDCCH for the same transport block using 0<1,,.s<27.

else if the higher layer parameter altCQI-Table-1024QAM-r15 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,,.5< 28, the UE shall first determine the TBS index ( I gs) using | cs and Table 7.1.7.1-1. For a
transport block, the TBSis determined by the procedure in Subclause 7.1.7.2.1.

for 29<I,,.s<31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< |, <37. If thereis no PDCCH/EPDCCH for the

same transport block using 0<1,54<26, and if the initial PDSCH for the same transport block is semi-

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

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

for 0<l,,s<26, the UE shall first determine the TBSindex ( | 1g5) using | ,c and Table 7.1.7.1-1B except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |,,=22,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbsindexAlt, 1,55 is33A, or if
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the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in thsIndexAlt2, |55 is33B;
otherwise |;gg is33. When |,,=26, if the UE is configured with a37 in tbsindexAlt3, | 5 is37A,

otherwise |55 is37. 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 TBSis determined by
the procedure in Subclause 7.1.7.2.5.

for 27<1,,s<31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< 1,55 <37. If thereis no PDCCH/EPDCCH for the

same transport block using 0< |, <37, 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.

In DCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if |,,.s=0 and if rvi = 1 otherwise the
transport block is enabled.

elseif the higher layer parameter altCQI-Table-1024QAM-STTI_r15 is configured, then

for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI or SPS C-RNTI;

for 0<l,,s<26, the UE shall first determine the TBSindex ( | 1gs) using | ,cs and Table 7.1.7.1-1B. When
lyes =22, if the UE is scheduled by DCI formats 7-1F/7-1G and is configured with a33 in tbsindexAlt-STTI,
l1gs iS33A, or if the UE is scheduled by DCI formats 7-1B/7-1C/7-1D and is configured with b33 in
thsindexAlt2-STTI, | gg is33B; otherwise |igg is33. When |, =26, if the UE is scheduled by DCI

formats 7-1F/7-1G and is configured with a37 in tbsindexAlt3-STTI, |55 is37A, otherwise |55 is37. 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 and 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 and 7.1.7.2.2. For atransport block
that is mapped to three-layer spatial multiplexing, the TBSis determined by the procedure in Subclause 7.1.7
and 7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined
by the procedure in Subclause 7.1.7 and 7.1.7.2.5.

for 27<l,,s <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/SPDCCH for the same transport block using 0< |, <37. If thereis no PDCCH/SPDCCH for the

same transport block using 0< |, <37, 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/SPDCCH.

else if the UE supports ce-pdsch-pusch-maxBandwidth with value >5MHz, or if the UE is configured with higher layer
parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH DCI format 6-1A is mapped onto the UE specific search
space and the repetition number field in the DCI indicates PDSCH repetition level 1,

for29 < 1,,.s <31, the TBSisassumed to be as determined from DCI transported in the latest MPDCCH for the
same transport block using 0< 1,5 < 28. If thereisno MPDCCH for the same transport block using

0< 1 yes £28, and if theinitial PDSCH for the same transport block is semi-persistently scheduled, the TBS
shall be determined from the most recent semi-persistent scheduling assignment MPDCCH.

for0< |, < 28 the UE shall first determine the TBSindex (1,5¢) using I, and Table 7.1.7.1-1

if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value SMHz or if
the UE is configured with higher layer parameter pdsch-MaxBandwidth-SC-MTCH with value 24 PRBs
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else

- For CEModeA,

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH
DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the
DCI indicates PDSCH repetition level 1,

- set TBS' tothe TBS determined by the procedure in Subclause 7.1.7.2.1,

- TBS=min{TBS’, 4008}
- otherwise, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< | ;5 <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< |54 <9

- if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value > 5MHz
- For CEModeA,

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH
DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the
DCI indicates PDSCH repetition level 1,

- set TBS' tothe TBSdetermined by the procedurein Subclause 7.1.7.2.1,

- TBS=min{TBS’, 27376}
- otherwise, TBSis determined by the procedurein Subclause 7.1.7.2.1 for 0< | ;5 <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.1 for 0< 15,4 <9

- otherwise,

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH
DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the DCI
indicates PDSCH repetition level 1,

- set TBS tothe TBS determined by the procedure in Subclause 7.1.7.2.1,
- TBS =min{TBS’, 1000}
- otherwise

- TBSisdetermined by the procedurein Subclause 7.1.7.2.1

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

is scheduled by DCI formats 2C/2D and is configured with a26 in tbsindexAlt, |,,, iS26A; otherwise |5 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, <31, the TBSisassumed to be as determined from DCI transported in the |atest
PDCCH/EPDCCH for the same transport block using 0< I, < 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-
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persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if 1,,.s =0 andif rvisx = 1 otherwise the
transport block is enabled.

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

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

For1< Npg, <110, the TBSisgiven by the (1,55, N g ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 44x110)

| N PRB
Tes 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
7 104 224 328 472 584 712 840 968 1096 1224
8 120 256 392 536 680 808 968 1096 | 1256 | 1384
9 136 296 456 616 776 936 1096 | 1256 | 1416 | 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 | 1192 | 1384 | 1608 | 1800 | 2024
12 208 440 680 904 1128 | 1352 | 1608 | 1800 | 2024 | 2280
13 224 488 744 1000 | 1256 | 1544 | 1800 | 2024 | 2280 | 2536
14 256 552 840 1128 | 1416 | 1736 | 1992 | 2280 | 2600 | 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
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

I N PRB
188 11 12 13 14 15 16 17 18 19 20
0 288 328 344 376 392 424 456 488 504 536
1 376 424 456 488 520 568 600 632 680 712
2 472 520 568 616 648 696 744 776 840 872
3 616 630 744 808 872 904 968 1032 | 1096 | 1160
4 776 840 904 1000 1064 1128 1192 1288 1352 1416
5 968 1032 | 1128 | 1224 | 1320 | 1384 | 1480 | 1544 | 1672 | 1736
6 1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
7 1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
8 1544 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2536 | 2664 | 2792
9 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
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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

| 7es News
21 22 23 24 25 26 27 28 29 30
568 600 616 648 680 712 744 776 776 808
744 776 808 872 904 936 968 1000 1032 1064
936 968 1000 1064 1096 1160 1192 1256 1288 1320

1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
3368 3496 3624 3752 4008 4136 4264 4392 4584 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 4776 4968 5352 5544 5736 5992 6200 6456 6712 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 6456 6712 6968 7224 7736 7992 8248 8504 8760 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 10296 10296 10680
18 8248 8760 9144 9528 9912 10296 10680 11064 11448 11832
19 9144 9528 9912 10296 10680 11064 11448 12216 12576 12960
20 9912 10296 10680 11064 11448 12216 12576 12960 13536 14112
21 10680 11064 11448 12216 12576 12960 13536 14112 14688 15264
22 11448 11832 12576 12960 13536 14112 14688 15264 15840 16416
23 12216 12576 12960 13536 14112 14688 15264 15840 16416 16992
24 12960 13536 14112 14688 15264 15840 16416 16992 17568 18336
25 13536 14112 14688 15264 15840 16416 16992 17568 18336 19080
26 15264 16416 16992 17568 18336 19080 19848 20616 21384 22152
26A 13536 14112 15264 15840 16416 16992 17568 18336 19080 19848

OO |N|O|TO_(WIN|F|O

31 32 33 34 35 36 37 38 39 40
0 840 872 904 936 968 1000 1032 1032 1064 1096
1 1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
2 1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
3 1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
4 2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
5 2728 2792 2856 2984 3112 3112 3240 3368 3496 3496
6
7
8
9

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
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I TBS

41 42 43 44 45 46 47 48 49 50

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

OO |N|O|O|_[WN|F|O

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
7
8
9

5352 5352 5544 5736 5736 5992 5992 5992 6200 6200
6200 6456 6456 6712 6712 6712 6968 6968 7224 7224
7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
7992 8248 8248 8504 8760 8760 9144 9144 9144 9528
10 9144 9144 9144 9528 9528 9912 9912 10296 10296 10680
11 10296 10680 10680 11064 11064 11448 11448 11832 11832 12216
12 11832 11832 12216 12216 12576 12576 12960 12960 13536 13536
13 12960 13536 13536 14112 14112 14688 14688 14688 15264 15264
14 14688 14688 15264 15264 15840 15840 16416 16416 16992 16992
15 15840 15840 16416 16416 16992 16992 17568 17568 18336 18336
16 16416 16992 16992 17568 17568 18336 18336 19080 19080 19848
17 18336 19080 19080 19848 19848 20616 20616 20616 21384 21384
18 19848 20616 21384 21384 22152 22152 22920 22920 23688 23688
19 22152 22152 22920 22920 23688 24496 24496 25456 25456 25456
20 23688 24496 24496 25456 25456 26416 26416 27376 27376 28336
21 25456 26416 26416 27376 27376 28336 28336 29296 29296 30576
22 27376 28336 28336 29296 29296 30576 30576 31704 31704 32856
23 29296 29296 30576 30576 31704 31704 32856 32856 34008 34008
24 31704 31704 32856 32856 34008 34008 35160 35160 36696 36696
25 32856 32856 34008 34008 35160 35160 36696 36696 37888 37888
26 37888 37888 39232 40576 40576 40576 42368 42368 43816 43816
26A 32856 34008 34008 35160 36696 36696 36696 37888 37888 39232

61 62 63 64 65 66 67 68 69 70
0 1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
1 2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2 2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3 3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4
5
6

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
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7 7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8 8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9 9528 9912 9912 10296 10296 10296 10680 10680 11064 11064

10 10680 11064 11064 11448 11448 11448 11832 11832 12216 12216
11 12216 12576 12576 12960 12960 13536 13536 13536 14112 14112
12 14112 14112 14112 14688 14688 15264 15264 15264 15840 15840
13 15840 15840 16416 16416 16992 16992 16992 17568 17568 18336
14 17568 17568 18336 18336 18336 19080 19080 19848 19848 19848
15 18336 19080 19080 19848 19848 20616 20616 20616 21384 21384
16 19848 19848 20616 20616 21384 21384 22152 22152 22152 22920
17 22152 22152 22920 22920 23688 23688 24496 24496 24496 25456
18 24496 24496 24496 25456 25456 26416 26416 27376 27376 27376
19 26416 26416 27376 27376 28336 28336 29296 29296 29296 30576
20 28336 29296 29296 29296 30576 30576 31704 31704 31704 32856
21 30576 31704 31704 31704 32856 32856 34008 34008 35160 35160
22 32856 34008 34008 34008 35160 35160 36696 36696 36696 37888
23 35160 35160 36696 36696 37888 37888 37888 39232 39232 40576
24 36696 37888 37888 39232 39232 40576 40576 42368 42368 42368
25 39232 39232 40576 40576 40576 42368 42368 43816 43816 43816
26 45352 45352 46888 46888 48936 48936 48936 51024 51024 52752
26A 40576 40576 40576 40576 42368 42368 43816 43816 45352 45352

I N PRB
788 71 72 73 74 75 76 77 78 79 80
0 1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
1 2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
2 3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
3 4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
4 5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
5 6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
6 7480 7480 7736 7736 7736 7992 7992 8248 8248 8248
7 8760 8760 8760 9144 9144 9144 9528 9528 9528 9912
8 9912 9912 10296 10296 10680 10680 10680 11064 11064 11064
9 11064 11448 11448 11832 11832 11832 12216 12216 12576 12576
10 12576 12576 12960 12960 12960 13536 13536 13536 14112 14112
11 14112 14688 14688 14688 15264 15264 15840 15840 15840 16416
12 16416 16416 16416 16992 16992 17568 17568 17568 18336 18336
13 18336 18336 19080 19080 19080 19848 19848 19848 20616 20616
14 20616 20616 20616 21384 21384 22152 22152 22152 22920 22920
15 22152 22152 22152 22920 22920 23688 23688 23688 24496 24496
16 22920 23688 23688 24496 24496 24496 25456 25456 25456 26416
17 25456 26416 26416 26416 27376 27376 27376 28336 28336 29296
18 28336 28336 29296 29296 29296 30576 30576 30576 31704 31704
19 30576 30576 31704 31704 32856 32856 32856 34008 34008 34008
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 PRB
188 81 82 83 84 85 86 87 88 89 90

2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
9912 9912 10296 10296 10296 10680 10680 10680 11064 11064
11448 11448 11448 11832 11832 12216 12216 12216 12576 12576
12960 12960 12960 13536 13536 13536 13536 14112 14112 14112
10 14112 14688 14688 14688 14688 15264 15264 15264 15840 15840
11 16416 16416 16992 16992 16992 17568 17568 17568 18336 18336
12 18336 19080 19080 19080 19080 19848 19848 19848 20616 20616
13 20616 21384 21384 21384 22152 22152 22152 22920 22920 22920
14 22920 23688 23688 24496 24496 24496 25456 25456 25456 25456
15 24496 25456 25456 25456 26416 26416 26416 27376 27376 27376
16 26416 26416 27376 27376 27376 28336 28336 28336 29296 29296

OO N0 [WIN|F|O
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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

I TBS

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
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

OO |N|O|O_(WIN|F|O

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
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26A | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 [ 71112

N prg

| 7es

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
34A 1064 2088 3112 4264 5352 6456 7480 8504 9528 10680
35 1096 2216 3240 4392 5544 6712 7736 8760 9912 11064
36 1160 2280 3496 4584 5736 6968 7992 9144 10296 11448
37A 1192 2408 3624 4776 5992 7224 8504 9528 10680 11832
37 1224 2472 3752 4968 6200 7480 8760 9912 11064 12384

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
34A 11448 12576 13536 14688 15840 16992 17568 19080 19848 21384
35 12216 12960 14112 15264 16416 17568 18336 19848 20616 22152
36 12576 13536 14688 15840 16992 18336 19848 20616 22152 22920
37A 12960 14112 15840 16992 18336 19080 20616 21384 22920 23688
37 13536 14688 15840 17568 18336 19848 21384 22152 23688 24496

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
34A 22152 22920 24496 25456 26416 27376 28336 29296 30576 31704
35 22920 24496 25456 26416 27376 28336 29296 30576 31704 32856
36 24496 25456 26416 27376 28336 29296 30576 31704 32856 34008
37A 25456 26416 27376 28336 30576 31704 32856 34008 35160 36696
37 26416 27376 28336 29296 30576 31704 32856 35160 35160 36696

|

188 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
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34 32856 34008 35160 35160 36696 37888 39232 39232 40576 42368
34A 32856 34008 35160 35160 36696 37888 39232 40576 40576 42368
35 34008 35160 36696 37888 37888 39232 40576 42368 42368 43816
36 35160 36696 37888 39232 40576 40576 42368 | 43816 45352 45352
37A 36696 37888 39232 40576 42368 43816 43816 45352 46888 48936
37 37888 39232 40576 | 42368 43816 43816 45352 46888 48936 48936

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
34A 43816 43816 45352 46888 46888 48936 48936 51024 51024 52752
35 45352 46888 46888 | 48936 48936 51024 51024 52752 52752 55056
36 46888 48936 48936 51024 51024 | 52752 55056 55056 57336 57336
37A 48936 51024 51024 52752 55056 55056 57336 57336 59256 59256
37 51024 | 52752 52752 55056 55056 57336 57336 59256 61664 61664

I TBS

51 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
34A 52752 55056 55056 57336 57336 59256 59256 61664 61664 63776
35 55056 57336 57336 59256 59256 61664 61664 63776 63776 66592
36 59256 59256 61664 61664 63776 63776 66592 66592 68808 68808
37A 61664 61664 63776 63776 66592 66592 68808 68808 71112 71112
37 63776 63776 66592 66592 68808 68808 71112 71112 73712 75376

I TBS

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
34 63776 63776 66592 66592 68808 68808 71112 71112 71112 73712
34A 63776 66592 66592 66592 68808 68808 71112 71112 73712 73712
35 66592 68808 68808 71112 71112 73712 73712 75376 76208 76208
36 71112 71112 73712 73712 75376 76208 76208 78704 78704 81176
37A 73712 73712 75376 76208 78704 78704 81176 81176 81176 84760
37 76208 76208 78704 78704 81176 81176 81176 84760 84760 87936

I TBS

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
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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
34A 75376 76208 76208 78704 78704 81176 81176 81176 84760 84760
35 78704 78704 81176 81176 81176 84760 84760 84760 87936 87936
36 81176 81176 84760 84760 84760 87936 87936 90816 90816 90816
37A 84760 84760 87936 87936 90816 90816 90816 93800 93800 97896
37 87936 87936 90816 90816 93800 93800 93800 97896 97896 97896

N PRB
81 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
34A 84760 87936 87936 87936 90816 90816 90816 93800 93800 93800
35 87936 90816 90816 93800 93800 93800 93800 97896 97896 97896
36 93800 93800 93800 97896 97896 97896 | 101840 | 101840 | 101840 | 101840
37A 97896 97896 97896 | 101840 | 101840 | 101840 | 105528 | 105528 | 105528 | 107832
37 101840 | 101840 | 101840 | 105528 | 105528 | 107832 | 107832 | 110136 | 110136 | 112608

I TBS

N PRB
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
34A 93800 97896 97896 97896 | 101840 | 101840 | 101840 | 101840 | 105528 | 105528
35 97896 | 101840 | 101840 | 101840 | 105528 | 105528 | 105528 | 107832 | 110136 | 110136
36 105528 | 105528 | 107832 | 107832 | 110136 | 110136 | 112608 | 112608 | 115040 | 115040
37A | 110136 | 110136 | 112608 | 112608 | 115040 | 115040 | 117256 | 117256 | 119816 | 119816
37 112608 | 115040 | 115040 | 115040 | 117256 | 119816 | 119816 | 119816 | 124464 | 125808

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
34A || 105528 | 107832 | 107832 | 110136 | 110136 | 112608 | 112608 | 115040 | 115040 | 115040
35 110136 | 110136 | 112608 | 115040 | 115040 | 115040 | 117256 | 119816 | 119816 | 119816
36 117256 | 117256 | 117256 | 119816 | 119816 | 119816 | 124464 | 124464 | 125808 | 125808
37A | 119816 | 124464 | 124464 | 124464 | 125808 | 125808 | 128496 | 128496 | 130392 | 130392
37 125808 | 125808 | 128496 | 128496 | 128496 | 133208 | 133208 | 133208 | 133208 | 137792

I TBS
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7.1.7.2.2

Fori1< N

PRB

Forse < N

PRB <

119
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Transport blocks mapped to two-layer spatial multiplexing

<55,the TBSisgivenby the (1, ,2-N

110 , abaseline TBS_L1istakenfromthe (1., ,N
trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS L2.

PRB

PRB

) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

) entry of Table 7.1.7.2.1-1, which isthen

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
107832 214176 110136 220296 112608 226416 115040 230104
117256 236160 119816 239656 124464 248272 125808 251640

7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2

The TBSisgiven by the |

TBS

entry of Table 7.1.7.2.3-1. For DCI Format 6-2, 0 < l1gs < 7 -

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2

les | O | 2 | 2 | 3| 4|56 7 8 9 10 | 11 | 12 | 13 | 14 | 15
TBS | 40 [ 56 | 72 [120|136 [ 144 | 176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488
les | 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

For 1< Nprg <36, the TBSisgiven by the (|

For 37< Nprg<11C abasdine TBS_L1 istaken from the ( |
trandated into TBS_L 3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS_L3.

120
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Transport blocks mapped to three-layer spatial multiplexing

TBS !

TBS ! N PRB

3-Nprp) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

) entry of Table 7.1.7.2.1-1, which isthen

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

105528 314888 107832 324336 110136 324336 112608 336576

115040 339112 117256 351224 119816 363336 124464 373296

125808 375448

7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1<Nprg <27, the TBSisgiven by the (| 4-Npgrp) entry of Table 7.1.7.2.1-1.

TBS !

ETSI
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For 28<Npgpp<110, abaseline TBS_L1 istaken fromthe (1 , N, ) €ntry 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

105528 422232 107832 422232 110136 440616 112608 452832

115040 460232 117256 471192 119816 478400 124464 501792

125808 502624

7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB and PDSCH

bandwidth up to 1.4MHz

BL/CE UEs configured with CEModeB and not configured with higher layer parameter ce-pdsch-maxBandwidth-config
with value >5MHz and not configured with higher layer parameter mpdcch-PD SCH-MaxBandwidth-SC-MTCH with
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value 24 PRBsshall set | .5 = 1155 and determineits TBS by the procedure in Subclause 7.1.7.2.1 for o< l1gs < 95

and NPRB =4or NPRB: 6.

7.1.7.2.7 Transport blocks mapped for BL/CE UEs SystemInformationBlockTypel-BR

TheTBSisgivenby the| . entry of Table7.1.7.2.7-1.

TBS

Table 7.1.7.2.7-1: Transport block size (TBS) table for PDSCH carrying
SysteminformationBlockTypel-BR

ltes | 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
lres | 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

For 1S Nope<14 and 0<1,5<14the TBSisgiven by the (| ) entry of Table 7.1.7.2.1-1.

TBS ! N PRB

For 155 Noe <24 and 0< 1,5 <14the TBSisgiven by the (| ) entry of Table 7.1.7.2.8-1.

TBS ! N PRB

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|O|~[W[IN(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 K o - min(M oL ke » M it ) 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,

V\{<+l1' . V\(nodk+n33—l,l\lcb) , where:

Ng =min| N Na ;
B cb X
C: NcE«)eiLls : KMIMO 'mm(M DL_HARQ ! M Iimit)

W, C, Ny, Ko @d My, are defined in Subclause 5.1.4.1.2 of [4].

MbL_HaArg 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.

ese

- N2, isthe number of configured serving cells.

NZ, 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. V\L shall

correspond to areceived soft channel bit. Therange W, W.4,..., V\(md(@%_l 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 8 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-Location indicator' field (mapping defined in Table 7.1.9-1 for Type B and defined in Table
7.9.1-1A for Type C quasi co-location) in the detected PDCCH/EPDCCH with DCI format 2D for determining the RE
mapping (defined in Subclause 6.4 of [3]), and for determining antenna port quasi co-location (defined in Subclause
7.1.10) for PDSCH if the UE is configured with Type B quasi co-location type (defined in Subclause 7.1.10) or for each
PDSCH codeword if the UE is configured with Type C quasi co-location (defined in Subclause 7.1.10). If the UE is
configured with Type C quasi co-location and not configured with parameter set for codeword 1, the UE shall assume
the parameter set for codeword 1 is the same as the parameter set for codeword 0.

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 RE mapping
(defined in Subclause 6.4 of [3]) and antenna port quasi co-location (defined in Subclause 7.1.10) for PDSCH if the UE
is configured with Type B quasi co-location and for each PDSCH codeword if the UE is configured with Type C quasi
co-location.

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D for Type B
guasi co-location

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
'00' Parameter set 1 configured by higher layers|
'01' Parameter set 2 configured by higher layers
'10' Parameter set 3 configured by higher layers
11 Parameter set 4 configured by higher layers
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Table 7.1.9-1A: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D for Type
C quasi co-location

Value of 'PDSCH RE Mapping and Quasi- L
Co-Location Indicr:);torq field 0 e

00" Parameter set 1 configured by higher layers for codeword 0 and
Parameter set 2 configured by higher layers for codeword 1 (if any)

01" Parameter set 3 configured by higher layers for codeword 0 and
Parameter set 4 configured by higher layers for codeword 1 (if any)

10" Parameter set 5 configured by higher layers for codeword 0 and
Parameter set 6 configured by higher layers for codeword 1 (if any)

11 Parameter set 7 configured by higher layers for codeword 0 and
Parameter set 8 configured by higher layers for codeword 1 (if any)

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 for Type B quasi co-location and parameter set 1,3,5,7 for
Type C quasi co-location:

- crs-PortsCount-r11.

- crsFregShift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RSConfigZPld-r11.

- pdsch-Sart-r11.

- qcl-C3-RS-ConfigNZPId-r11.

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for parameter set 2,4,6,8 for Type C quasi co-location

- crs-PortsCount-v15xy.

- crs-FregShift-vi5xy.

- mbsfn-SubframeConfigList-v15xy.
- csi-RS-ConfigZPId-v15xy.

- pdsch-Sart-v15xy.

- qcl-CS-RS-ConfigNZP1d-v15xy.

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 or table 7.1.9-1A 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 or Type C 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 or table 7.1.9-1A 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 or Type C quasi co-location type (defined in Subclause 7.1.10).

If the UE is configured in transmission mode 10 and configured with Type B or Type C quasi co-location and
configured with higher layer parameter csi-RS-NZP-mode set to 'multiShot' for a CSI 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 qcl-CS-RS-ConfigNZPId-r11 corresponding
to adeactivated 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.
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If the UE is configured in transmission mode 10 and configured with Type B or Type C 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-
Location indicator' selecting a parameter set with CSI-RS resource configuration for the CSI process identified by the
higher layer parameter qcl-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.

To decode PDSCH according to a detected SPDCCH with DCI format 7-1 A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G with
CRC scrambled with C-RNTI or retransmission of PDSCH according to a detected SPDCCH with DCI format 7-1 A, 7-
1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G with CRC scrambled with SPS C-RNTI intended for the UE and the given serving
cell, aUE shall use the value of the higher layer parameter rateMatchingMode (for each SPDCCH-PRB set), and the
'Used/Unused SPDCCH resource indication’ field (if present) in the SPDCCH for determining the PDSCH RE mapping
(defined in Subclause 6.4 of [3]).

A UE configured with higher layer parameter csi-RS-ConfigZP-ApList 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 A
indica?or for PDSCHpRE Mapping ' field Description
'00’ IAperiodic zero-power CSI-RS resources 1 configured by higher layers|
'01' IAperiodic zero-power CSI-RS resources 2 configured by higher layers|
'10' lAperiodic zero-power CSI-RS resources 3 configured by higher layers
'11' lAperiodic 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.

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 three 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.

- Type C: 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-ConfigNZP1d-r11 or qcl-CS-RS-ConfigNZPld2-r15
(defined in Subclause 7.1.9) and the antenna ports 7 — 14 associated with each PDSCH codeword are quasi co-
located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
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For aLAA Scell, the UE is not expected to be configured with quasi co-location type B or type C.

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
vaueof N e {n1,n2,...n , } isdetermined by the repetition number field in the corresponding DCI, where

nl, n2, . N, aregivenin 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
vaueof N e {n1,n2,...n . } isdetermined by the repetition number field in the activation DCI, where

nl n2, . -nmaxare givenin 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
Table 7.1.11-1.

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

shal assume N=nl=1.

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}
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Table 7.1.11-2: PDSCH repetition levels (DCI Format 6-1B)

Higher layer parameter
'pdsch-maxNumRepetitionCEmodeB' {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

{n1,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 withaLAA 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
(CQl), precoding matrix indicator (PMI), precoding type indicator (PT1), 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 aRI
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 aUEisnot configured with higher layer parameter eMIMO-Type, each CSl processis associated with a CSl-
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 CS| processif the UE is
configured with CSI subframe sets Ccg o and Ccg; 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 Ccgq 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 processis associated with one or
more CSI-RS resource (defined in Subclause 7.2.5) and one or more CSl-interference measurement (CSI-IM)
resource (defined in Subclause 7.2.6). Each CSI-RS resource is associated with a CSI-IM resource by higher
layers. For a CSl process with one CSI-RS resource, a UE can be configured with CSI-IM resource for each CSl
subframe sets if the UE is configured with CSI subframe sets Cqg o and Ccg; by the higher layer parameter

csi-SubFramePatternConfig-r12 for the CSI process. If a UE is configured with higher layer parameter
FeCoMPCS Enabled for a CSl process, the CSl processis associated with two CSI-RS resource and one CSI-IM
resource.

- 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
(CSlI-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 processif the UE is configured with CSI
subframe sets Ccg g and Ccg; by the higher layer parameter csi-SubFramePatternConfig-r12 for the CS|

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 CSl| process is associated with more than one CSI-RS
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resource (defined in Subclause 7.2.5) and more than one CSl-interference measurement (CSI-IM) resource
(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 a UE in transmission mode 10, a CSl reported by the UE corresponds to a CSI process configured by higher layers.
Each CSl 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 aUE is configured

with more than 5 serving cells, the UE is not required to update measurements for more than N y CSl processesina

subframe, where the value of N y isgivenby

- maxNumberUpdatedCS-Proc-r 13 if the UE is configured with a serving cell with frame structure 3
- maxNumberUpdatedCS -Proc-SPT-r 15if the UE is configured with higher layer parameter shortProcessingTime

If aUE is configured with the higher layer parameter shortTTl, the UE is not required to update measurements for more
than N, CSl processesinaDL

- dot, wherethevalueof N y is given by maxNumberUpdatedCS-Proc-STTI-Comb77-r15 if the higher layer
parameter dI-TTl-Length is set to 'dot’ and if the higher layer parameter ul-TTI-Length is set to 'dot'.

- subslot, wherethe valueof N y is given by maxNumberUpdatedCSl-Proc-STTI-Comb27-r 15 if the higher layer
parameter di-TTI-Length is set to 'subdlot’ and if the higher layer parameter ul-TTI-Length is set to 'dlot'.

- subsot, wherethevalueof N y is given by maxNumber UpdatedCSl-Proc-STTI-Comb22-Set1-r15 if the higher

layer parameter dI-TTI-Length is set to 'subslot’ and if the higher layer parameter ul-TTI-Length is set to 'subslot'
and if proc-Timeline-r15 is set to 'nplusdsetl’ or 'nplustseatl’.

- subslot, wherethevalueof N y is given by maxNumberUpdatedCSl -Proc-STTI-Comb22-Set2-r15 if the higher

layer parameter dI-TTI-Length is set to 'subslot’ and if the higher layer parameter ul-TTI-Length is set to 'subslot’
and if proc-Timeline-rl5 is set to 'nplustset2’ or 'nplus8set2'.

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 CSl configured for the UE.

For a UE in transmission mode 9, and if the UE is configured with higher layer parameter eMIMO-Type, and,

- UE isnot 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).

- UEisnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B', each CS
processis associated with one or more CSI-RS resource (defined in Subclause 7.2.5).

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS A' and eMIMO-
Type2 isset to 'CLASS B', each CSl| 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.

- UE isconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Type is set to 'CLASS B' and eMIMO-
Type2 isset to 'CLASS B', each CSI process is 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-Type is 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 PMI 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-Typeis set to 'CLASS B', and more than one CSI-RS resource configured, and the number
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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 CSl measurementsiif the subframe sets Cqg o and Ccg; areconfigured

by higher layers. A UE can also be configured with resource restricted CSI measurements for dormant serving cells
with subframe sets Ccs,0-dormant @8Nd Ccsi1-dormant. | the UE is configured with resource restricted CSl measurements for
dormant serving cells, Ceg g and Ccg; inthisclausereferto Cego and Cqgy for activated serving cells, and to

Ccsi,0-dormant @nd Ccsi,1-dormant fOr dormant serving cells.

For a serving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
riz.

CSl reporting is periodic or aperiodic.

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 aperiodic CSl for activated serving cell(s) only, and
periodic CSI for activated and/or dormant 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 ServCellIndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe. If the aperiodic CSI reporting occurs on an LAA SCell, the UE shall assume that
the UL channel access procedure, as described in subclause 4.2 of [13], is successful to determine whether periodic and
aperiodic CSl reporting would occur in the same subframe.

If the higher layer parameter altCQI-TableSTTI-r15 is configured and is set to allSubframes and aperiodic CSl is
triggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table1024QAM-STTI-r15 is configured and is set to all Subframes and
aperiodic CSl istriggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-4.

Else if the higher layer parameter altCQI-TableSTTI-r15 is configured and is set to csi-SubframeSetl or csi-
SubframeSet2 and aperiodic CSl is triggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSl subframe set configured by
altCQI-TableSTTI-r15

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.

Else if the higher layer parameter altCQI-Table1024QAM-STTI-r15 is configured and is set to csi-SubframeSetl or csi-
SubframeSet2 and aperiodic CSl is triggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-4 for the corresponding CSl subframe set configured by
altCQI-Tablel024QAM-STTI-r15

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Elseif aperiodic CSl istriggered through DCI format 7-OA or 7-0B,
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- the UE shall report CQI according to Table 7.2.3-1.

Elseif the higher layer parameter altCQI-Table-r12 is configured and is set to all Subframes,
- the UE shall report CQI according to Table 7.2.3-2.
Elseif the higher layer parameter altCQI-Table-1024QAM-r15 is configured and is set to all Subframes
- the UE shall report CQI according to Table 7.2.3-4.
Elseif the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1 or csi-SubframeSet2,

- 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.

Elseif the higher layer parameter altCQI-Table-1024QAM-r15 is configured and is set to csi-SubframeSetl or csi-
SubframeSet2,

- the UE shall report CQI according to Table 7.2.3-4 for the corresponding CSl subframe set configured by
altCQI-Table-1024QAM-r15

- 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 a BL/CE UE, if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the higher
layer parameter csi-NumRepetitionCE-r13 indicates more than one subframe, or if the UE is configured with higher
layer parameter ce-CQI-AlternativeTableConfig-ri15,

- the UE shall report CQI according to Table 7.2.3-6.

- if the UE is not capable of supporting 64QAM in PDSCH, or the UE is configured with higher layer parameter
mpdcch-pdsch-HoppingConfig-r13 set to ‘on’ and the UE is calculating CQI for awideband CSl report, the
reported CQI < 13.

Elseif the higher layer parameter ce-PDSCH-64QAM-Config-ri5 is configured,
- the UE shall report CQI according to Table 7.2.3-5.

- if the UE is configured with higher layer parameter mpdcch-pdsch-HoppingConfig-r13 set to ‘on’ and the UE is
calculating CQI for awideband CSl report, the reported CQI < 11.

Else
- the UE shall report CQI according to Table 7.2.3-3 with CQI index between 1 and 10.

For a non-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 a Rl from the supported set of RI values as
defined in Subclause 5.2.2.6 of [4] and report the number in each RI report. For each RI reporting interval when the UE
is configured in transmission 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 one or more
selected CSI-RS resource(s). For each CRI reporting interval, when a UE is configured in transmission mode 10 with
higher layer parameter FeCoMPCS Enabled and determines CRI=2 from the supported set of CRI values as defined in
Subclause 5.2.2.6 of [4], the UE reports the CRI=2 in each CRI report, where CRI value 2 corresponds to the configured
two CSI-RS resources and one CSI-IM resource. Otherwise, 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
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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 one or more
selected CSI-RS resource(s). For each CRI reporting interval, when a UE is configured in transmission mode 10 with
higher layer parameter FeCoMPCS Enabled and determines CRI=2 from the supported set of CRI values as defined in
Subclause 5.2.2.6 of [4], the UE reports the CRI=2 in each CRI report, where CRI value 2 corresponds to the configured
two CSI-RS resources and one CSI-IM resource. Otherwise, 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 O corresponds to the activated csi-RS-ConfigNZPId, first entry of csi-1M-
ConfigldList, p-C-AndCBSR-Per ResourceConfigList, and alternativeCodebookEnabledFor4TXProc, and CRI value k
(k>0) corresponds to the (k+1)-th activated CSI-RS resource, which is associated with I-th entry of csi-RS-
ConfigNZPIdListExt, (1+1)-th entry of csi-IM-ConfigldList, (I+1)-th entry of p-C-AndCBSR-PerResourceConfigList,
and |-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, (1+1)-th
entry of csi-IM-ConfigldList, (I1+1)-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 asingle or amultiple PMI report. The number of RBs
represented by a single UE PMI report canbe N5t or asmaller subset of RBs. The number of RBsrepresented by a

single PMI report is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI, Rl and PTI
on a subframe-PUCCH/PUSCH within a precoder codebook subset specified by one or more bitmap parameter(s)
codebookSubsetRestriction, codebookSubsetRestriction-1, codebookSubsetRestriction-2, codebookSubsetRestriction-3,
codebookSubsetRestriction-4 configured by higher layer signalling. If a UE is configured by higher-layer parameter
shortTTI, the UE isrestricted to report PMI, RI and PTI on subslot/d ot-based PUSCH within a precoder codebook
subset specified by a bitmap parameter codebookSubsetRestriction, configured by higher layer signalling for the
subslot/dlot-based transmission.

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 CS| process and each subframe sets (if subframe sets Cg o and

Ccg1 aeconfigured 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 Ccg; 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’, except when the UE is configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to ' TRUE', the bitmap parameters
codebookSubsetRestriction-1, codebookSubsetRestriction-2 is configured for the CS| process and each subframe sets (if
subframe sets Ccg o and Ccg; 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 advancedCodebookEnabled and advancedCodebookEnabled is set to 'TRUE', and the UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A", and the UE is configured with 8, 12,
16, 20, 24, 28, and 32 antenna ports, the UE is either configured with bitmap parameter codebookSubsetRestriction-1,
or, the UE is configured with bitmap parameter codebookSubsetRestriction-4 for the CSI process and each subframe
sets (if subframe sets Ccg g and Ccg; 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 B', and one CSI-RS resource configured, and higher layer
parameter alter nativeCodebookEnabledCLASSB K 1=TRUE, the bitmap parameter codebookSubsetRestriction-3 is
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configured for the CSl process and each subframe sets (if subframe sets Cqg o and Ccg; 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 higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of the CS| process, the bitmap

parameter codebookSubsetRestriction-3 is configured for eMIMO-Type2 of the CS| process and each subframe sets (if
subframe sets Ccg o and Ccg; 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 B', and more than one CSI-RS resource configured, the
bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CSl process and each
subframe sets (if subframe sets Ccq o and Ccg; 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 8y 4;--+,35,3, 8, where & istheLSB 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 by ..., bs,b,, by, b, Where b, isthelLSB and b, ,istheMSB

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 bits to precoders for the relevant transmission modes are given as follows:

1. Transmission mode 3

a. 2 antennaports: bit aH, V= 2is associated with the precoder in Table 6.3.4.2.3-1 of [3] corresponding to
v layers and codebook index O while bit ao is associated with the precoder for 2 antenna portsin
Subclause 6.3.4.3 of [3].

b. 4 antennaports:. bit %1, V= 2,3,4is associated with the precodersin Table 6.3.4.2.3-2 of [3]

correspondingto » layersand codebook indices 12, 13, 14, and 15 while bit ao is associated with the
precoder for 4 antenna portsin Subclause 6.3.4.3 of [3].

2. Transmission mode 4

a. 2 antennaports: see Table 7.2-1c
b. 4 antennaports: bit a, ,,; isassociated withthe precoder for » layersand with codebook index icin
Table 6.3.4.2.3-2 of [3].
3. Transmission modes 5 and 6

a2 antennaports: bit 6\0 is associated with the precoder for V=1 layer with codebook index icin Table
6.3.4.2.3-1 of [3].

b. 4 antennaports:. bit 3TC is associated with the precoder for =1 layer with codebook index icin Table
6.3.4.2.3-2 of [3].

4, Transmission mode 8

a. 2 antennaports: see Table 7.2-1c

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 134 ETSI TS 136 213 V15.13.0 (2021-05)

b.

C.

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit a,, (0-1)+i, is

associated with the precoder for » layers and with codebook index icin Table6.3.4.2.3-2 of [3], v=12.

4 antenna ports with alter nativeCodeBookEnabledFor4TX-r 12=TRUE configured: bit aie(v_l)ﬂl is

associated with the precoder for » layers (ve {1,2}) and codebook index i, and bit agzi_lqv_l) i, IS

associated with the precoder for » layers (ve{13) and codebook indexi,. Codebook indices i, and i, are
givenin Table 7.2.4-0A or 7.2.4-0B, for =1 or 2 respectively.

5. Transmission modes 9 and 10

a

2 antenna ports except when a UE 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

alter nativeCodebookEnabledCLASSB_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 aCSl process: see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured or for aCSl

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 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 alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of a CSI

process: bit a;q(,_s),; iSassociated with the precoder for » layersand with codebook index icin Table

6.3.4.2.3-2 of [3].

4 antenna ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured except when aUE
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 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 a16(v—1)+i1 is

associated with the precoder for » layers (ve {12} ) and codebook index i, and bit agzi_lqv_l) i, IS

associated with the precoder for o layers (ve{1,234}) and codebook indexi,. Codebook indices i, and i,
aregivenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C or 7.2.4-0D, for =1,2,3 or 4 respectively.

8 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type is
set to 'CLASS A', or for when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter

alter nativeCodebookEnabledCLASSB_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: hit af](v_l)ﬂl is associated with the precoder for , layers (ve{1,23456,78) and

codebook index i, where f1(-) ={0,16,32,36,40,44,48552 } and bit a;,aguv_l)+i2 is associated with the
precoder for o layers (ve{12,34}) and codebook index i, where gi()= {0,16,32,48}. Codebook indices
i, and i, aregiveninTable7.2.4-1,7.2.4-2,7.2.4-3,7.24-4,7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8, for »
=1,2,3,4,5,6,7, or 8 respectively.

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-Type is set to 'CLASS A" bit a, ., isassociated with the precoder
based on the quantity v, ,, 1=01..,.NG; -1, m=01..,N;0,-1 and bit ay ;.. ., ISassociated with the

precoder for o layers(ve{123456,78 ). The quantity v, . isdefined in Subclause 7.2.4. Bit b
is associated with the precoder for » layers (ve {1,234} ) and codebook index i, where g(-) isgivenin

g(v-1)+i,
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Table 7.2-1g. Codebook index i, isgivenin Table 7.2.4-10, 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 »=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 alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of the CSI process: hit

& (-1 +i, Isassociated with the precoder for » layers and codebook index i.where ve{1,2 and
f()={04} for 2 antennaports, ve{1,234 and f()={081620} for 4 antenna ports, and
ve{12345678 and f()={016324856575859} for 8 antenna ports. Codebook index i, isgivenin
Table 7.2.4-18, 7.2.4-19, or 7.2.4-20, for 2, 4, or 8 antenna ports respectively.

g. 8,12, 16, 20, 24, 28, and 32 antenna ports and for a CSl process the UE is configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to TRUE', and the UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and the UE is

configured with bitmap parameter codebookSubsetRestriction-1: bit a, . ., isassociated with the precoder
based on the quantity v, ., 1=01...N\O -1, m=01,...,N,O, -1 and bit ay,o, is associated with the

N,O0,+v-1

precoder for » layers (ve{123456,7,8). The quantity v, . isdefined in Subclause 7.2.4.

h. 8,12, 16, 20, 24, 28, and 32 antenna ports and for a CSl process the UE is configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to TRUE', and the UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A', and the UE is
configured with bitmap parameter codebookSubsetRestriction-4:  The bitmap parameter

codebookSubsetRestriction-4 forms the bit sequence Sy, 4811++1 81 & &, &, consisting of 2n,n, + 8
bits, where &, isthe LSB and S +e-1iSthe MSB. The bitpaj'r{az(,\lznlJrnz),Eiz(,\,zr!lJrnz)Jr is associated
with the group of quantities G(1n,N,) Z{Volrﬁoﬁ,ozrqu 1=01230,=0123 for
N=0..N-1n=0.,N,=1 it N,>1 and G(n,n,) ={Vy.0:%=0123F for

n :O,---, M—lnz =0 jf N2 =1 and thebit a2l\hl\|2+v—l is associated with the precoder for » layers
(ve{l23456,78 ). The quantity v, . isdefinedin Subclause7.2.4.

i For ,=1,2layer reporting, PMI reporting is not allowed to correspond to a precoder where any quantity

v, fromthe group of quantities (1, 1,) is selected by the codebook indices { '1,1"1,2} , unless
the corresponding bit pair {az(sznz) ) az(NZrh_H'b)_H[} =1

ii For =1,2layer reporting, PMI reporting is not allowed to correspond to a precoder where any quantity

v, fromthe group of quantities G(Il, nz) is selected by the codebook index ilg ,if the relative
power indicator (RPI), | islarger than the maxmimum allowed value according to Table 7.2-1h.

iii For 1=3,4,5,6,7,8 layer reporting, PMI reporting is not allowed to correspond to a precoder where any
quantity v, . from the group of quantities G(rl, nz) is associated with the precoder, unless the

corresponding bit pair {az(NznlJrnz) ) az(szrb)Jrl} ="11"

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
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Ay _15-95,8, A, &) where d, isthe LSB and a,_; isthe MSB and where a bit 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 3TC is associated with the precoder for =1 layer with codebook index icin Table
6.3.4.2.3-1 of [3].

- 4 antennaports: bit 3TC is associated with the precoder for =1 layer with codebook index icin Table
6.3.4.2.3-2 of [3].
- Transmission mode 9

- 2 antennaports: bit 3TC is associated with the precoder for =1 layer with codebook index icin Table
6.3.4.2.3-1 of [3].

- 4 antennaports: bit 6\0 is associated with the precoder for =1 layer and with codebook index icin 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 8 antenna
4 antenna ports
ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
64 with
Transmission mode 8 6 alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, otherwise 32
. 96 with
;:%nfgq ission modes 9 6 alternativeCodeBookEnabIeder4TX— 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 |, | Number of layers o
1 2
0 ao -
1 ai asa
2 az as
3 as -
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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,0O, +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

Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for
applicable transmission modes

Number of bits A,g

aaitenie 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}

Table 7.2-1h: Maximum value of relative power indicator for restricted v, ,, quantities

Maximum
Value of bit pair value of
Relative
{ Ay Non+,) ! A N2r5+rb)+1} Power
Indicator | >
00 0
or 1
'10' 2
11 3

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 onN 5t . The number of subbands for system bandwidth
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givenby N5t isdefined by N = ’_N SE'; /k-‘ . The subbands shall be indexed in the order of increasing frequency and
non-increasing sizes starting at the lowest frequency.

- 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 slot/subslot-PUSCH based triggered reporting,
- one codeword for RI=1 and two codewords for RI > 1.

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-hit wideband CQI for codeword O
- A 4-bit wideband CQI for codeword 1 for subframe-PUSCH based triggered reporting

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-hit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-
2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQIl value | Offset level
0
1
2
>3
<-4
-3
-2
-1

N[OOI~ |WIN|IF|O

7.2.1 Aperiodic CSI Reporting using PUSCH

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/d ot/subslot n+k on serving cell
¢ , upon decoding in subframe/slot/subslot n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,

for serving cell ¢ if the respective CSl request field is set to trigger areport and is not reserved. If the CSI request field
from an uplink DCI format 7-0A/7-0B is set to trigger areport, the reported CSl shall be according to the transmission
mode configured by higher layers for the subframe where the trigger was received. The UE is not expected to receive a
CSl request field set to trigger areport in a DCI indicating a PUSCH transmission in UpPTS.
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For aserving cell ¢thatisalLAA SCell, aperiodic CSl reporting using the PUSCH in subframe n+k is conditioned on if
the UE is alowed to transmit in the subframe according to the channel access procedures described in subclause 4.2.1
of [13].

For aserving cell C thatisaLAA SCell, aUE configured with Partial PUSCH mode 1 is not expected to receive an
aperiodic CSl report request triggering a CSl report without UL-SCH.

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 ¢ if the respective 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 ¢, 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 isfor a higher layer configured eMIM O type 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 activated CSI-RS
resources given by the higher layer parameter number ActivatedAperiodicCS-RSResourcesis set to '1' for the serving
cell ¢,thereport isfor the activated CSI-RS resource for the serving cell .

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 CS| process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the CSI request field isset to '1". If the UE is configured with higher layer parameter eMIMO-
Type2 for a CSl process of the triggered set of CSI process(es), the report isfor 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 al serving cells and the UE
is not configured with csi-SubframePatternConfig-r12 for any serving cell, areport is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSl reporting. 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
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-ri2 for any serving cell, areport istriggered according to the
valuein Table 7.2.1-1B corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter
eMIMO-Type2 a CSl process of the triggered set of CS| process(es), the report isfor 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 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 { CS| process, CS| subframe set} -
pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or { CSl 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 CSl process of the triggered set of

CSl process(es) for serving cell ¢, thereport isfor a higher layer configured eMIMO type associated with the value of
CSl request field of '01' for the CSI process for serving cell ¢ . 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
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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 CS| process for the serving cell ¢.

If the CSI request field sizeis 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport istriggered according to the value in Table 7.2.1-1C
corresponding to aperiodic CSI 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 report isfor 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 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 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 CSI process, areport istriggered according to the valuein Table 7.2.1-1D corresponding to aperiodic CS|
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 isfor ahigher 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 is for 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 CSI
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 CSl 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 sizeis 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-ri2 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 valuein Table 7.2.1-1F 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 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 .

If the CSI request field sizeis 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, 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 CSI 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 CSl request field for the CSI process for serving cell ¢.

If the CSl 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 a CS|
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 CSI request field sizeis 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
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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 is triggered 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 CSl 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 refers to 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 6™ set of CSI process(es) and/or { CS| process, CS| subframe set} -pair(s)
in Table 7.2.1-1E. A UE is not expected to be configured by higher layers with more than one instance of the same CSl
process in each of the higher layer configured sets associated with the value of CSI 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 7! 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 { CSI process, CSl 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 { CSl 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
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 { CS| 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 CSl process in each of the higher layer configured sets associated with
the value of CSl reguest 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 CS| report request for a given subframe triggered by uplink
DCI formats other than 7-0A/7-0B.

A UE is not expected to update CSI corresponding to the CSI reference resource (defined in Subclause 7.2.3) for all CSl
report requests triggered by uplink DCI format 7-0A/7-0B except maXWy —N,, 0) cSi report requests when the

UE has N, unreported aperiodic CSl requests, where a CSl request shall only be counted as unreported in a
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slot/subslot before the slot/subslot where the PUSCH carrying the corresponding CSl is transmitted, and N, isthe
maximum number of CSl requests triggered by uplink DCI format 7-0A/7-0B supported by the UE.

If aUE is configured with higher layer parameter eMIMO-Type for a CSl process, the UE is not expected to receive an
aperiodic CSl report request for a given slot/subslot triggering a CSl report for the CSI process.

If aUE 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 processis not expected to
update CSI for eMIMO-Type2 (ncai_rer -1) (defined in Subclause 7.2.3) subframes before or (Ncai_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 CSl corresponding to the CSI

reference resource (defined in Subclause 7.2.3) for all CSI processes except the maXNX - Nu, 0) lowest-indexed

CSl processes for the serving cell associated with the request when the UE has NJ 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/sl ot/subsl ot before the subframe/s ot/subs ot where the PUSCH

carrying the corresponding CSl is transmitted, and Ncs_p is the maximum number of CSI processes supported by
the UE for the serving cell corresponding to subframe/dot/subslot-PUSCH, and:

- for FDD serving cell Nx = I\lcg_p;

- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell , Nx = I\lcs_p
- if the UE is configured with two or three CSI processes for the serving cell, NX = 3.

If more than one value of Ncg_p isincluded in the UE-EUTRA-Capability, the UE assumes a val ue of Ncg_p that

is consistent with its CSI process configuration. If more than one consistent val ue of Ncg_p exists, the UE may
assume any one of the consistent values.
If aUE is configured with multiple cell groups, and if the UE receives multiple aperiodic CS| report requestsin a

subframe for different cell groups triggering more than one 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 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 CSI processes from the CS| processes corresponding to al the triggered CS
reports, in case the total number of serving cellsin the primary and secondary PUCCH group is no 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 more than N y CSl reports, the UE is not required to update CSI for more than N y CSl processes from

the CSl processes corresponding to al the triggered CSI reports, where the value of N y isgiven by nMaxProc-r14 if

csi-RS-ConfigNZP-ApList is configured for at least one CSl process for which aperiodic CSI report is requested,
otherwise, by maxNumberUpdatedCSl-Proc-r13.
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Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

Value of CSl request field Description
'00' No aperiodic CSlI report is triggered
'01' Aperiodic CSlI report is triggered for serving cell ¢
'10' Aperiodic CSl 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/SPDCCH with uplink DCI format in UE specific
search space

Value offF:SI 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/SPDCCH with uplink DCI format in
UE specific search space

Value of CSI L
request field Description
'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 CSlI report is triggered for a 15 set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
11 Aperiodic CSl report is triggered for a 2" set of CSI process(es) and/or {CSlI process, CSI
subframe set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

Value of CSI o

request field Description
'000' No aperiodic CSl report is triggered
001" Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for

serving cell ¢

'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 CSlI report is triggered for a 3 set of CSI process(es) configured by higher layers
'101' Aperiodic CSlI 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/SPDCCH with uplink DCI format in UE specific

search space

Value of CSI
request field

Description

‘000 No aperiodic CSlI report is triggered

001" 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 ¢

010" Aperiodic CSlI report is triggered for a 15 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 . . h
subframe set}-pair(s) configured by higher layers

A Aperiodic CSI report is triggered for a 41 set of CSI process(es) and/or {CSI process, CSI

101 . ) .
subframe set}-pair(s) configured by higher layers

110 Aperiodic CSI report is triggered for a 5" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

111" Aperiodic CSI report is triggered for a 6™ set of CSI process(es) and/or {CSI process, CSI

subframe set}-pair(s) configured by higher layers

Table 7.2.1-1F: CSI Request field for PDCCH/EPDCCH/SPDCCH 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 15 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 ¢
100 Aperiogiic CSl report is triggered for a 4" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
101" Aperiodic CSl report is triggered for a 5" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
110 Aperiodic CSl report is triggered for a 6 set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
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/SPDCCH with uplink DCI format in UE specific
search space

vee @i el Description
request field
'000' No aperiodic CSlI report is triggered
001" Aperiodic CSlI report is triggered for a 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 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 for serving cell ¢
110 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 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 CSlI 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 CSI 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 7.2.1-1I: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
VEE Gif E5] Description
request field P

‘0000’ No aperiodic CSl report is triggered

001" 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 ¢

0010’ 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

0011" 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

0100" 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

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 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

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, CS| 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 91" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1011’ Aperiodic CSI report is triggered for a 10" set of {CSI 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 CSI report is triggered for a 121 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 7.2.1-1J: 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 CSl 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 ¢

'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 CSl 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 171 set of {CSI process, CSI-RS resource} configured by higher
layers

10011" Aperiodic CSI 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

ETSI
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Value of
Csl .
request Description
field
'‘00000' | No aperiodic CSlI report is triggered
00001 Aperiodic CSlI 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 CSlI report is triggered for a 7" 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 CSl 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 CSl 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

i subframe set, CSI-RS resource} configured by higher layers

NOTE: PDCCH/EPDCCH/MPDCCH/SPDCCH with DCI formats used to grant PUSCH transmissions as given
by DCI format 0, DCI format 4, DCI format 6-0A and DCI format 7-0A/7-0B are herein referred to as
uplink DCI format when common behaviour is addressed.

For aserving cell cthatisnotalLAA SCell, and anon-BL/CE UE, when the CS| request field from an uplink DCI
format other than 7-0A/7-0B is set to trigger areport,

- for FDD k=3 if the UE is configured with higher layer parameter shortProcessingTime, and the corresponding
DCI format is mapped onto the UE-specific search space and k=4 otherwise,

- for TDD UL/DL configuration 1-6, kisgiven in Table 8-2,
- for TDD UL/DL configuration O,

- ifthe MSB of the UL index isset to 1 and LSB of the UL index isset to O, kisgiven in Table 8-2i if the UE
is configured with higher layer parameter shortProcessingTime, and the corresponding DCI format is mapped
onto the UE-specific search space, in Table 8-2 otherwise; or

- if MSB of the UL index is set to 0 and LSB of the UL index isset to 1, kisequal to 6 if the UE is configured
with higher layer parameter shortProcessingTime, and the corresponding DCI format is mapped onto the UE-
specific search, 7 otherwise; or

- if bothMSB and LSB of the UL index isset to 1, kisgiven in Table 8-2i if the UE is configured with higher
layer parameter shortProcessingTime, and the corresponding DCI format is mapped onto the UE-specific
search space, in Table 8-2 otherwise.

For aserving cell ¢, when the CSI request field from an uplink DCI format 7-0A/7-0B is set to trigger areport, for

- FDD, if the UE is configured for subslot uplink transmissions, k is determined based on higher layer
configuration from {4,6,8}, otherwise k=4.

- TDD, kisgiven by table 8-2m, 8-2n, 8-2p according to the corresponding special subframe configuration.

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 ¢thatisaLAA SCell, when the CSl 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 is
oB/4Band N<2,

- K corresponds to the (N-1)-th scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI
format isOB/4B and 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 subframeif 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 CSI reporting is transmitted is determined according to
Subclause 6.1.1.
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The minimum reporting interval for aperiodic reporting of CQI and PMI and RI 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/dot/subslot, the UE shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in
Subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding Rl and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below. For a BL/CE
UE the UE shall not transmit the RI for any CSI reporting mode in Table 7.2.1-1.

If aUE is configured with higher layer parameter FeCoMPCS Enabled for a CSI process the reported CRI value can
take on values 0, 1, 2. For CRI value of 2, then 2 sets of PMI/CQI/RI are reported, one set for each of the configured
CSI-RSresources.  The combinations of the reported RIs are restricted to the following sets{ 1,1}, {1,2}, {2,1}, {2,2},
{2,3},{3.2},{3,3}, {3,4},{4,3}, {4,4} where{x,y} indicates Rl value of x corresponding to the first CSI-RS resource
and RI value of y corresponding to the second CSI-RS resource.

If aUE 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 mode in 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
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

Wideband
(wideband CQI) Mode 1-0 | Mode 1-1 Mode 1-2
PUSCH CQl UE Selected
Feedback Type (subband CQI) Mode 2-0 Mode 2-2
Higher Layer-configured
(subband CQI) Mode 3-0 | Mode 3-1 Mode 3-2

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:

Transmisson mode 1 : Modes 2-0, 3-0, 1-0
Transmission mode 2 : Modes 2-0, 3-0, 1-0
Transmission mode 3 : Modes 2-0, 3-0, 1-0
Transmisson mode4 : Modes 1-2, 2-2, 3-1, 3-2, 1-1
Transmisson mode5 : Mode 3-1, 1-1

Transmission mode 6 : Modes 1-2, 2-2, 3-1, 3-2, 1-1
Transmission mode 7 : Modes 2-0, 3-0, 1-0
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Transmisson mode 8 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting; modes 2-0,
3-0, 1-0if the UE is configured without PMI/RI reporting

Transmisson mode 9 : Modes1-2, 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 processis 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| process is one when
eMIMO-Type or eMIMO-Type?2 is set 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 : Mode 2-0
Transmission mode 2 : Mode 2-0
Transmission mode 6 : Mode 2-0
Transmission mode 9 : Mode 2-0

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.

DL
For anon-BL/CE UE, a serving cell with NRB < 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 as transmission 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 refersto higher layer configured eMIMO type associated with the value of
CSl request field triggering aperiodic CSI reporting for the CSl process.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSl
process can be configured with a'RlI-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 'RlI-reference CSl process. The RI for the 'RI-reference CSl process is not based on any other
configured CSI process other than the 'RI-reference CSl process. The UE is not expected to receive an aperiodic CS
report request for a given subframe/slot/subslot triggering a CSl report including CSI associated with the CSI process
and not including CSl associated with the configured 'Rl-reference CSI process. If the UE is configured with a'RI-
reference CSI process for a CSl process and if subframe sets Ccg o and Ccg; areconfigured 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 'Rl -reference CSI
process that have a different:

- Aperiodic CSl reporting mode, and/or

- number of CSI-RS antenna ports, and/or
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- setof restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ceg, aenot
configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccq o
and Ccg, areconfigured by higher layers for both CSI processes, and/or

- setof restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ccg; ae

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 Cqg o and Ccg; 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 Cqg o and Ccg; areconfigured by higher layers for both

CSl processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSl
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 Cqg o and Ccg; areconfigured by higher layersfor 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 'multiShot', 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 isnot expected
to update CRI corresponding to the CSI processif CRI for the CSl process has been reported and updated on or after

subframe N—5.

e Wideband feedback
0 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.

0 For each subband a preferred precoding matrix is selected from the codebook subset assuming
transmission only in the subband

0 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
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o

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 Ssubband,
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.

UE is configured 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 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 RI>2.

UE is configured in transmission mode 9 or 10, and with higher layer parameter

advancedCodebookEnabled=TRUE, and reported RI<2, in which case afirst
precoding matrix indicator i, isreported for the set S subbands, a relative power

indicator | o is reported for the set S subbands and a second precoding matrix indicator
i» isreported for each set Ssubband.

0 Subband sizeisgiven by Table 7.2.1-3A when the CSI request field from an uplink DCI format
7-0A/7-0B is set to trigger areport, Table 7.2.1-3 otherwise.

0 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.

Mode 1-1 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-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.

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator 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 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 CSl-
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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 RI values are
calculated conditioned on the reported CRI.

0 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,

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 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 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 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 calcul ated assuming transmission on set
S subbands.

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.
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o Higher Layer-configured subband feedback

0 Mode 3-0 description:

o If aUEisconfigured 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 al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter 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-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 awideband CQI value which is cal culated 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.

0 Mode 3-1 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-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 'multiShot', and the number of activated CSI-RS resources is more than one,
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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 al 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 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

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 if the UE is not configured with higher layer
parameter advancedCodebookEnabled, or UE is configured with higher layer

parameter advancedCodebookEnabled=TRUE, and reported RI>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.

0 Mode 3-2 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-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 cal culated assuming transmission on set
Ssubbands.
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= 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 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 precoding matrix indicator i, isreported for the set S subbands and a
second precoding matrix indicator i, is reported 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 RI>2.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter advancedCodebookEnabled=TRUE, and reported RI<2, in which
case afirst precoding matrix indicator i; isreported for the set Ssubbands, a
relative power indicator | o is reported for the set S subbands, and a second

precoding matrix indicator i, is reported for each set S subband.

= A UE shal 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.

0 Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

= Subband differential CQI offset level = subband CQI index —wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level is shown 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
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0 Supported subband size (k) isgiven in Table 7.2.1-3A when the CS| request field from an uplink DCI
format 7-0A/7-0B is set to trigger areport, in Table 7.2.1-3 otherwise.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
N rs (k)
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 - 110 8

Table 7.2.1-3A: Subband Size (k) vs. System Bandwidth when the CSl request field from an uplink

DCI format 7-0A/7-0B is set to trigger a report

System Bandwidth | Subband Size
N re (k)
6-7 NA
8-10 4
11-26 12
27 - 63 12
64 -110 12

e UE-selected subband feedback

0 Mode 2-0 description:

(o]

(o]

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter 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
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 isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

otherwise,
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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 calcul ated assuming transmission on set
S subbands.

The UE shall select aset of M preferred subbands of size k (where k and M are givenin
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall also report one CQI 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 also report one wideband CQI value whichis calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 2-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter 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 calcul ated assuming transmission on set
S subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator preferred for the M
selected subbands and the selected single precoding matrix indicator for all 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
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(o]

o

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

alter nativeCodebookEnabledCLASSB_K1=TRUE configured.

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
the UE shall report afirst precoding matrix indicator i; for all set Ssubbands,

asecond precoding matrix indicator i, for all set S subbands and another
second precoding matrix indicator i, for or the M selected subbands if the UE

is not configured with higher layer parameter advancedCodebookEnabled, or
UE is configured with higher layer parameter

advancedCodebookEnabled=TRUE, and reported RI>2.
e UEisconfigured in transmission mode 9 or 10, and with higher layer

parameter advancedCodebookEnabled=TRUE, and reported RI<2, in which
case the UE shall report afirst precoding matrix indicator i, for all setS

subbands, arelative power indicator |, isreported for all set Ssubbands, a

second precoding matrix indicator i, for all set S subbands 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 isreported, the reported PMI,
CQI, and RI values are calculated conditioned on the reported CRI.

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

gt}

=  wherethe set {Sf}:\gl, (1<s <N, s <s,,)containsthe M sorted subband indices and

X
<X>: [yj X2Y s the extended binomial coefficient, resulting in unique label
y 0 x<y

The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by
= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4,

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 162 ETSI TS 136 213 V15.13.0 (2021-05)

0 Supported subband size k and M values include those shown in Table 7.2.1-5A when the CSI request
field from an uplink DCI format 7-0A/7-0B is set to trigger areport, in Table 7.2.1-5 otherwise. In
Table 7.2.1-5 the k and M values are a function of system bandwidth.

0 The number of bits to denote the position of the M selected subbandsis L = Pogz(,\';: ﬂ .

For a BL/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 al
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 value for the M=1 selected narrowband is encoded differentially using 2-bits relative to its
respective wideband CQI as defined by

- Differential CQI offset level = selected narrowband CQI index — wideband CQI index
- The mapping from the 2-hit differential CQI value to the offset level isshownin 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.

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 7.2.1-5A: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth
when the CSl request field from an uplink DCI format 7-0A/7-0B is set to trigger a report

System Bandwidth .
DL Subband Size k (RBs) M
NRB

6-7 NA NA

8-11 4 1
12-26 12 1

27 - 63 12 2

64 — 110 12 4
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Table 7.2.1-6: Reporting UE selected narrowband position for BL/CE UEs

narl;ls\/\r?bbaird%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 layersto 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 CSI processes per serving cell on PUCCH.

A BL/CE UE configured with CEModeB is not expected to be configured with periodic CSI report.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS
A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured,

- oneof 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 CSI
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 CSI reporting mode in
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 CSl 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: CQIl and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI
Wideband
PUCCH CQI (wideband CQI) Mode 1-0 | Mode 1-1
Feedback Type | UE Selected
(subband cq | Mede 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 CS|
reporting modes are supported on PUCCH:

Transmission mode 1 : Modes 1-0, 2-0
Transmission mode 2 : Modes 1-0, 2-0
Transmission mode 3 : Modes 1-0, 2-0
Transmission mode4 : Modes 1-1, 2-1
Transmission mode5 : Modes1-1, 2-1
Transmisson mode 6 : Modes1-1, 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
ports in each of one or more CSI-RS resourcesin a CSl process is one when eMIMO-Type
or eMIMO-Type2 is set to be 'CLASS B'.

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
ports in each of one or more CSI-RS resourcesin a CS| processis one when eMIMO-Type
or eMIMO-Type2 is set to be 'CLASSB'.

For a BL/CE UE configured with CEModeA, the following periodic CSI reporting modes are supported on PUCCH:

Transmission mode 1 : Mode 1-0
Transmission mode 2 : Mode 1-0
Transmission mode 6 : Mode 1-1
Transmission mode9 : Modes 1-1, 1-0.

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each activated serving cell is
configured by higher-layer signalling. Additionally, one periodic CSI reporting mode can be configured by higher-layer
signalling for each dormant serving cell.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling. Additionally, one periodic CSI reporting mode can be configured by higher-layer
signalling for each dormant serving cell.

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_CS_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 alter nativeCodebookEnabledCLASSB _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 CY_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
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- Thereareatotal of N subbands for aserving cell system bandwidth given by N f5 whereLN% /kJ subbands are

of sizek. If (NF?E% /k-‘ —\_N% /kJ>O then one of the subbandsis of size NBL — k -[NBS /k |.

- A bandwidth part j is frequency-consecutive and consists of N j subbands where J bandwidth parts span Sor
ND asgiveninTable7.2.2-2.1f J=1then N, is(NF?BL /k/ﬂ JAfJ>1then N, iseither (NF?BL /k/ﬂ
or ’_N% /k/J-‘ -1, dependingonN 2% , kand J.

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

- For UE sdlected subband feedback a single subband out of N j Subbands of abandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, where L = {Iog2 {N% Ik/J —H )

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

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands
- Type lareport supports subband CQI and second 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 PMI 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 CSI processin each serving cell, the periodicity N, (in subframes) and offset Ngerger oo (N

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex (| ol /PMI ) for the

activated serving cells, given in Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and
Table7.2.2-1C for TDD or for FDD-TDD and primary cell frame structure type 2. For the dormant serving cells,

Lcor/pmi is given by the parameter cqi-pmi-ConfiglndexDormant. The periodicity M, and relative offset

Noreser.ri fOr RI reporting are determined based on the parameter ri-Configindex (I ) for the activated serving

cells, given in Table 7.2.2-1B. For the serving cellsin the dormant state, 15, is given by the parameter ri-

ConfiglndexDormant. 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 CSl process in each serving cell, if the UE is configured with parameter eMIMO-
Type by higher layers, except with higher layer parameter csi-RS-NZP-maode configured, and eMIMO-Typeis set to
'CLASS B', and the number of configured CSI-RS resources is 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
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reporting is determined based on the parameter cri-Configindex (| ., ) givenin Table 7.2.2-1J. When the number of

CRI

R and relative offset I\lOFFSE-,CRIfor CRI
reporting are determined based on the parameter cri-Configindex (| ., ) givenin Table 7.2.2-1K. If aUE is configured

with parameter eMIMO-Type and eMIMO-Type2, the parameters cgi-pmi-Configlndex, ri-Configlndex are for eMIMO-
Type2. 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, the parameter cri-Configindex is for eMIMO-Type. If a UE is configured with 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, the periodicity Mpy, 5 and relative offset Noeeger pyr fOr wideband first PMI/RI

reporting for eMIMO-Type are determined based on the parameter periodicityOffsetindex (1, ;& ) givenin Table
7.2.2-1L. The parameters cqi-pmi-Configlndex, cqi-pmi-ConfigindexDormant, ri-Configlndex, ri-ConfiglndexDormant,
periodicityOffsetindex, and cri-Configlndex are configured by higher layer signalling. The relative reporting offset for
Rl Noppser pi tkesvaluesfromtheset {0,-1,.,—(N 4 —1)} . If aUEisconfigured to report for more than one CS

antenna ports in each configured CSI-RS resource is one, the periodicity m

subframe set then parameter cqi-pmi-Configlndex, ri-Configlndex, periodicityOffsetindex, 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, cqi-pmi-Configlndex2Dormant, ri-Configlndex2, ri-Configlndex2Dormant,
periodicityOffsetlndex2, and cri-Configlndex2 respectively correspond to the CQI/PMI, RI, PMI/RI, and CRI
periodicity and relative reporting offset for subframe set 2. For a UE configured with transmission mode 10, the
parameters cqi-pmi-Configlndex , ri-Configlndex, periodicityOffsetindex, cri-Configlndex, cqi-pmi-Configlndex2, ri-
Configlndex2, periodicityOffsetlndex2, 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
(0 xn¢ +[ns/2]- Noprser cor Jmod (N g )=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 (in subframes).

- Thereporting instances for wideband first PMI are subframes satisfying
(10 xng +[ng/ 2= Noppeer cQl )mod (H "N g ): 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-Typeis an integer multiple Mgy, ;5 of period N, (in subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(1 0 xne+ |J75/2J —Worsercor - — N oreser emr //e/)mOd (’” pnpr W o ) =0-
- For aUE configured in transmission mode 9 or 10, if UE is configured with 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, 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

N pg (in subframes)

- Thereporting instances for CRI are subframes satisfying
(10X n; + LHS/ZJ— NOFFSET,CQI - NOFFSET,CRI )mOd(N pd 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
an integer multiple M, of period N od (in subframes).

- Thereporting instances for Rl or RI and RPI are subframes satisfying
(Q0xn¢ +[ng/2]- Norrser cor — Norrser mi Jmod (N pg Mg )=0-
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For a UE configured in transmission mode 9 or 10, and UE configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type isset 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 Mpy, ;5 Of period N ;Mg (insubframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10><nf +|_ns/2J_ Norrser ,ca — Norrser . — Norrser pmi /R )mOd (N pd “Mgr Moy /r ): 0.

In case CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resource is one,

- thereporting interval of the CRI reporting is an integer multiple M, of period N od (in subframes)

CRI

- Thereporting instances for CRI are subframes satisfying
(10X n; + Lns/ZJ_ NOFFSEF,CQI - NOFFSET,CRI )mOd(N pd MCRI ): 0-

otherwise

- thereporting interval of the CRI reporting is an integer multiple Mg, of period N o Mg (in
subframes).

- Thereporting instances for CRI are subframes satisfying
(10>< ng + |_n5/2j— Norrser .ca = Norrser R )mod (N pd Mg -Mcgy ): 0.

In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:

The reporting instances for wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission
modes 9 and 10) are subframes satisfying (10 xn¢ +|ng/2 |- Norrser cor 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-Typeis set 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, 5 Of period N, (in

subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying

(10 xn, + |J75 /ZJ_ Nossser o = Nosrser o 1500 (W gy 1 ‘/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-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, and RI reporting for eMIMO-Type2
is not configured, the reporting interval of CRI reporting for eMIMO-Type is an integer multiple M . of

CRI
period N 4 (insubframes)

The reporting instances for CRI are subframes satisfying
(10X n; + LHS/ZJ— NOFFSET,CQI - NOFFSET,CRI )mOd(N pd MCRI ): 0.

When PT]1 is not transmitted (due to not being configured) or the most recently transmitted PT1 is equal to 1
for a UE 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 CSl process for the CSI process, and the most recent type 6
report for the CSl process is dropped:

- The wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9

and 10) report hasperiod H - N od and is reported on the subframes satisfying

ETSI



3GPP TS 36.213 version 15.13.0 Release 15 169 ETSI TS 136 213 V15.13.0 (2021-05)

(0xny +[ng/2]- Norrser g Jmod (H - N o )= 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 CQI/wideband second PMI
for transmission modes 8, 9 and 10) reports, the remaining J-K reporting instances are used in sequence

for subband CQI (or subband CQI/second PMI for transmission modes 9 and 10) reports on K full
cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports

contains lessthan J-K reporting instances due to a system frame number transition to 0, in which case
the UE shall not transmit the remainder of the subband CQI (or subband CQIl/second PMI for
transmission modes 9 and 10) reports which have not been transmitted before the second of the two
wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9 and
10) reports. Each full cycle of bandwidth parts shall be 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 PTI is O for a UE configured in transmission modes 8 and 9 or for aUE
configured in transmission mode 10 without a 'Rl-reference CSI process for a CSl process, or the transmitted
PTI is O reported in the most recent RI reporting instance for a CSI process when a UE is configured in
transmission mode 10 with a'RI-reference CSl process for the CSl process, or the transmitted PT1 is O for a
'Rl-reference CSI process reported in the most recent RI reporting instance for a CSl processwhen aUE is
configured in transmission mode 10 with the 'RI-reference CSI process for the CSI process, and the most
recent type 6 report for the CSI processis dropped:

- The wideband first precoding matrix indicator report hasperiod H’.- N pd and isreported on the

subframes satisfying (10 x ny +[ng /2]~ Nogrser .cor Jmod (H”- N g )= 0, where H'is signalled 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 M g, times the wideband CQI/PMI period
H - N , and Rl isreported 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
(o xn¢ +[ng/2]- Norrser coi — Norrser g Jmod (H -Npg Mg )=0.

For a UE 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 Mpy, ;g Of period H N, -M g (insubframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10><nf +|_ns/2J_ Noreser .ca — Norrser . mi — Norrser pwi /R )mOd (H “Npg Mg -Mopy g ): 0.

- Incase CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resourceis one,

- thereporting interval of the CRI reportingis M, timesthe wideband CQI/PMI period H - N |

- Thereporting instances for CRI are subframes satisfying
(10>< n¢ +Lns/2J_ NOFFSET cQ NOFFSET ,CRI )mOd(H : di ' MCRI ): 0.

otherwise

- thereporting interval of the CRI reporting is M

 timestheRI period H N o Mg (in subframes).
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- Thereporting instances for CRI are subframes satisfying
(10><nf +|_ns/2J_ Noreser ca — Noreser m )mod (H ‘Npg Mg -Mcg ): 0.

If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl process, at the CQI, PMI, RI, PTI
reporting instances for eMIMO-Type2 of the CSI process, the parameter eMIMO-Type in the rest of this Subclause
refers to the parameter eMIMO-Type2 for the CSI process.

If a UE is not configured with higher layer parameter eMIMO-Type, or for a CSI process a 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, or for a CSl process a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type is set
to 'CLASS B', except with higher layer parameter csi-RS-NZP-mode configured, and one configured CSI-RS resource,
or for aCSl process 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 one activated CSI-RS resource, in case of collision of a CS| report
with PUCCH reporting type 3, 5, 6 or 11 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 23,
2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, or 4), except a
CSl report with PUCCH reporting type 2afor eMIMO-Type of a CSl process of the same serving cell with configured
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, has lower priority and is dropped.

If aUE is configured with higher layer parameter eMIMO-Type and not configured with higher layer parameter
eMIMO-Type2 and eMIMO-Typeisset to 'CLASS A' for a CSl process, in case of collision of aCSl report with
PUCCH reporting type 2a of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of the
same serving cell, the latter CSI report with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is
dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, 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 more than one
configured CSI-RS resources, or 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 more than one activated CSI-RS resources, in case of
collision of a CSl report with PUCCH reporting type 7, 8, 9, or 10 of one serving cell with a CSI report with PUCCH
reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, 6, or 11 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 23, 2b, 2¢, 3, 4, 5, 6, or 11), except CSI report with PUCCH reporting type 2a or 5 for eMIMO-Type of a
CSl process of the same serving cell with configured higher layer 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, has
lower priority and is dropped.

For a CSl process, if a UE is configured with higher layer 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, PUCCH
reporting type 2a, or 5 for eMIMO-Type of the CSI process of one serving cell has the same priority with PUCCH
reporting type (7, 8, 9, or 10) of the same serving cell.

For aserving cell and UE configured in transmission mode 10, in case of collision between CS| reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSl reports corresponding to all CSI processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For a serving cell and UE configured in transmission mode 1-9 and configured with CSI subframe sets Cg o and
Ccsn Py the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority, the CSI report corresponding to CSI
subframe set Cg ; isdropped.

For a serving cell and UE configured in transmission mode 10 and configured with CSI subframe sets Ccg o and
Ccs1 Py the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSl processes with same csi-Processld-r11, the CSl report corresponding to CS| subframe set Cg ; isdropped.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, and if the UE is configured with more than one serving cell, the UE transmits a CSl report of
only one serving cell in any given subframe. For a given subframe, in case of collision of a CSl report with PUCCH
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reporting type 7, 8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5,
6, or 11 of another serving cell, the latter CSl with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, 6, or 11), except
CSl report with PUCCH reporting type 2a or 5 for eMIMO-Type of a CSl process of the another serving cell with
configured higher layer 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, has lower priority and is dropped. For a given
subframe, in case of collision of a CSl report with PUCCH reporting type 3, 5, 6, 11, or 2a of one serving cell witha
CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2¢, or 4 of another serving cell, the latter CSI with PUCCH
reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of CSI
report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH reporting type 1 or
1a of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.
For a given subframe, if a UE is configured with higher layer 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, PUCCH
reporting type 2a, or 5 for eMIMO-Type of the CS| process of one serving cell has the same priority with PUCCH
reporting type (7, 8, 9, or 10) of the same serving cell in case of collision of type 2a, or 5 for eMIMO-Type of the CSI
process of the serving cell with PUCCH reporting types of another serving cell.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCelllndex are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSI processes with same csi-Processid-r11, the CSI reports of al serving cells except the
serving cell with lowest ServCelllndex are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSlI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSI processes with different csi-Processld-r11, the CSl reports of all serving cells except the
serving cell with CSI reports corresponding to CSI process with the lowest csi-Processlid-r11 are dropped.

If aUE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCS -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSl report(s) corresponding to CSI process(es) of a different serving cell with
the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the
same priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving
cell are dropped.

If aUE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSI report corresponding to CS| process with csi-Processld-r1l =1 of a
different serving cell with the UE configured in transmission mode 10, and the CSl reports of the serving cells with
PUCCH reporting type of the same priority, the CSl report of the serving cell with highest ServCelllndex is dropped.

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

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

2,p . . 2,p . . . . .
né,UE)CH as defined in [3], where né,UE)CH is UE specific and configured by higher layers for each serving cell.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl-

resourceConfiguration, and
- if the UE is not configured for simultaneous PUSCH and PUCCH transmission or,
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- if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH,

in case of collision between CSI and positive SR in a same subframe, CSl is dropped.

If a UE is configured with format4-MultiCSl-resourceConfiguration or format5-MultiCS-resourceConfiguration, for a
subframe in which only periodic CSI and SR (if any) is transmitted,
— if thereisonly one CSI report in the subframe,

(o]

the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

2,p o 2p) . . . .
néUS)CH asdefined in [3], where néUS)CH is UE specific and configured by higher layers for

each serving cell;
In case of collision between CSl and positive SR in a same subframe, if the UE is not configured

for simultaneous PUSCH and PUCCH transmission, or if the UE is configured for simultaneous
PUSCH and PUCCH transmission and not transmitting PUSCH, CSl is dropped.

— if there are more than one CSI reportsin the subframe,

(o]

if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE, when a PUCCH format 4/5 transmission of CSI reports coincides with a sub-frame
configured to the UE by higher layers for transmission of a scheduling request, the UE shall
transmit the CSI and SR on the PUCCH; Otherwise, CSl is dropped,;

if the UE is configured with asingle PUCCH format 4 resource n¢) ., according to higher layer
parameter format4-Multi CS -resourceConfiguration, the PUCCH format 4 resource n() ., is
used for transmission of the CSI reports and SR (if any);

if the UE is configured with a PUCCH format 5 resource n¢)_, according to higher layer
parameter format5-Multi CS -resourceConfiguration, the PUCCH format 5 resource n®),, isused

for transmission of the CSl reports and SR (if any);

if the UE is configured with two PUCCH format 4 resources n{)_ .
higher layer parameter format4-MultiCS -resourceConfiguration, if
(oSR +O0pcq + OCRC)S min(M PUCCHA |\ Fjgyc;wl)‘ NE® N o the PUCCH format 4 resource with the

RB,1

. )
and n@®__, according to

PUCCH4 4 2 : A .
smaller M P between n@ . and n@ . isused for transmission of the CSl reports;

otherwise, the PUCCH format 4 resource with the larger v e between n(;)

and n@
PUCCH.1 PUCCH,2
isused for transmission of the CSI reports, where

* Q.. Isthetotal number of CSl report bitsin the subframe;

" Ogc isthe number of CRC bits;

= OR =0if thereis no scheduling request bit in the subframeand O =1 otherwise;

"M, i =1,2, isthe number of PRBsfor N, and N ca respectively,
according to higher layer parameter number OfPRB-format4-r 13 according to Table 10.1.1-
2;

= PUCCH o (N;;b _1)_1 if shortened PUCCH format 4 is used in the subframe and

symb

NFuooH = 2. (NQEm —1) otherwise; and

» [ isthecoderate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.
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If aUE transmits only periodic CSl and SR (if any) using either aPUCCH format 4 n(. .~ or PUCCH format5 n¢)

PUCCH

SR
in a subframe and if (0 +OFLCS.+OCRc)>2' Nge- T, the UE shall select the SR (if any) and Negjeportec CSI

report(s) for transmission in ascending order of Prics(y’ S;C,t), where:
- O,y Isthetotal number of CSl report bitsin the subframe;

= Og Isthe number of CRC bits

- OR =0 if thereis no scheduling request bit in the subframeand O =1 otherwise;

T Nge = Moo N8 N fuec for PUCCH format4and N =N"®. N /2 for PUCCH format 5, where
N = 2. (N§hb _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in the subframe and

NEuCerH = 2'(N§hb —1) otherwise;

- I isthecoderate given by higher layer parameter maximumPayloadCoderate-r13 according to Table 10.1.1-1;

- foraCsl report of aserving cell, Pri (y,s,c,t) for the CSl report is defined as
Prieg (V,S,C,t)=y-4-32-2+5-32-2+C-2+t, Where

- y=0 for CSl report type 7/8/9/10, y =1 for CSl report type 3/5/6/2a/11, y =2 for CSl report type
2/2b/2c/4,and 'y = 3 for CSI report type 1/1&;

- Sisthe CSI process ID according to csi-Processld-r11 if the serving cell is configured with transmission
mode 10, and S=1 if the serving cell configured with transmission mode 1-9;

- Cisthe serving cell index;

- t=0 and t=1 for CSl subframesets Ccgo and Ccg, respectively if CSI subframe setsare
configured for the serving cell, and t=0 otherwise.
NCSI‘reponed

- Thevalue of Ncg,eponec satisfies (OSR + Z Or_cq n + Ocre ] <2 Ng -r and

n=1

Ncsi, reported +1
(OSR + im: Op_cg n + Ocre j > 2-Nge -1, where O =0 if there no scheduling request bit in the

n=1
subframeand O =1 otherwise. _cg,n Isthe number of CSI report bits for the nth CSI report in

ascending order of Pricg(y,S;C,t).

If aUE is configured with format4-Multi CSl-resourceConfiguration or format5-MultiCS -resourceConfiguratio and if

the UE is configured with more than N y periodic CSl reportsin asubframe, the UE is not required to update CSl for
morethan N y CSl processes from the CSI processes corresponding to all the configured CSI reports, where the value

of N y isgiven by maxNumberUpdatedCSl-Proc-r13.

If a UE configured with PUCCH format 4 or PUCCH format 5 transmits UCI over PUSCH, that would have been
transmitted over PUCCH format 4 or PUCCH format 5 if the UE did not have a PUSCH grant, then the UE shall select
the CSl report(s) (if any) for transmission following the same procedure as for transmission over PUCCH.
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Table 7.2.2-1A: Mapping of 1., 0y, t0O N pd and Nogpger cor fOr FDD or for FDD-TDD and primary
cell frame structure type 1

e Value of N 4 [Value of Nggeeer co
0< leqpm S1 2 lcoremi
2< leqipm S6 5 lcoipmi —2
7< leoipm $16 10 lequem =7
172 legpm <36 20 leqiem — 17
37< leoipm <76 40 leqipm =37
77< legpm <156 80 lequem =77

157 < Jeg p <316 160 leqipm = 157
leorpm =317 Reserved

318 Io py <349 32 lcqupm — 318

350 < Ioy py <413 64 leqi/pmi =350

414 < 1o oy <541 128 leqipm —414

542 < oo py <601 60 lcqripm — 942

602< oo py <1023 Reserved

Table 7.2.2-1B: Mapping of Iy to Mg and Nggrger i -

I \Value of M g, [Value of Ngpeger g

0< Iy <160 1 -l

161< lg <321 2 - (lg —161)
322< | <482 4 - (lg —322)
483< | <643 8 - (lg —483)
644< | <804 16 - 