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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’.

3 Symbols and abbreviations
3.1 Symbols

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

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

3GPP TS 36.213 version 14.16.0 Release 14 10
ng Slot number within aradio frame as defined in [3]
N(%']S Number of configured cells
NRS Downlink bandwidth configuration, expressed in unitsof N2 asdefinedin [3]
N Uplink bandwidth configuration, expressed in unitsof N2P as defined in [3]
Ngmb Number of SC-FDMA symbolsin an uplink slot as defined in [3]
NRB
(3]
T, Basic time unit as defined in [3]
3.2 Abbreviations

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

in TR 21.905 [1].

ACK
BCH
CCE
CDD
CG

CIF

cal
CRC
CRI

Csl
CSl-IM
DAI

DCI

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

Acknowledgement

Broadcast Channel

Control Channel Element

Cyclic Delay Diversity

Cell Group

Carrier Indicator Field

Channel Quality Indicator

Cyclic Redundancy Check

CSI-RS Resource I ndicator

Channel State Information

CSl-interference measurement

Downlink Assignment Index

Downlink Control Information

Downlink

Downlink Shared Channel

Discontinuous Transmission

Enhanced Physical Downlink Control Channel
Energy Per Resource Element

Master Cell Group

Modulation and Coding Scheme

Negative Acknowledgement

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

Physical Broadcast Channel

Physical Control Format Indicator Channel
Physical Downlink Control Channel

Physical Downlink Shared Channel

Physical Hybrid ARQ Indicator Channel
Physical Multicast Channel

Precoding Matrix Indicator

Physical Random Access Channel

Positioning Reference Signal

Physical Resource Block

Physical Sidelink Broadcast Channel

Physical Sidelink Control Channel

Primary Secondary cell
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PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
RE Resource Element
RI Rank Indication
RS Reference Signal
SCG Secondary Cell Group
SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request
SRS Sounding Reference Symbol
SSSS Secondary Sidelink Synchronisation Signal
TAG Timing Advance Group
TBS Transport Block Size
uUcCl Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
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4 Synchronization procedures
4.1 Cell search

Cell search 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.

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 rlf-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 is worse 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
PSCedll isthe same asthe PScell if the secondary cell and the PSCell belong to the same TAG.

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

Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if aserving cell 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 Nraoiiset = 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 /SRSisthe same for al the secondary cellsin the TAG. Nraoftset 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 Nta = Ta x16. Nrais defined in [3].

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

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

For aBL/CE UE, for atiming advance command received on subframe n, the corresponding adjustment of the uplink
transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe n+6. When the BL/CE
UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on the same narrowband and are
overlapped due to the timing adjustment, the UE shall 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.

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

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

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy 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

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

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

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

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

For PUCCH or SRS, the transmit power I5PUCCH (i), defined in Subclause 5.1.1.1, or lSSRS,c(i) issplit equally across
the configured antenna ports for PUCCH or SRS. I55R57C(i) isthe linear value of Psrg (i) defined in Subclause 5.1.3.

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

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

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

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

- When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells, 'serving cell', 'serving
cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. 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 subframei for the serving cell cisgiven by
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Pemax,c (i),
1010910(M pysch,c(i)) + Po puscH,c (1) + (i) - Ple + Atg e (i) + fe(i)

} [dBm]

PruscH,c(1) =mi n{

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

i i 10|Oglo(|5CMAX,c(i) — BruceH (i)),
P (i)=min _ _ | | | (g
PUSCH,c {10I0910(|V| pusch.c () + Po_puscrc (i) + (i) Ple + Ate.c () + fe(i)

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

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

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

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

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

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

where MPR, A-MPR, P-MPR and ATc are defined in [6].
- Poycen (i) isthelinear value of Poyccp (i) defined in Subclause 5.1.2.1

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

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongsto uplink power control subframe set 2 asindicated by the higher layer parameter
tpc-SubframeSet-r12,

- whenj=0, PO_PUSCH,C(O) = PO_UE_PUSCH,C,Z(O) + PO_NOMINAL_PUSCH,C,Z(O) » where j=0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. By ¢ pyscrc2(0) and By yowmmar puscrc2(0)

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

- whenj=1, PO_PUSCH,C(l) = P ue puschc? @+ o NomiNAL_PuscH,c.2 (D), wherej=1is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. PO_UE_F,USC,J,’C’2 (D) and

P NominaL_puscr.c.2 (1) are the parameters p0-UE-PUSCH-SubframeSet2-r 12 and p0-Nominal PUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

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

preambl el nitial ReceivedTar getPower [8] (PO_PRE) and APREAMBLE_MSQS are signalled from higher layers

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

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

Po_NoMINAL_PuscH,c(2) = Po pre + ApREAMBLE _Msg3» Where the parameter

preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and APREAMBLE_MSQS are signalled from higher layers
for serving cell c.

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

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

- Forj=0or1, ,(j)=a,,€1{0,04,0506,0.7,0.8 0.9,1}. «,,istheparameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

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

- Forj=0or1, oe{0,04,05 060708 09,1} isa3-hit parameter provided by higher layers for
serving cell c. Forj=2, a.(j)=1

PL. isthe downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL, =
referenceS gnal Power — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers

and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell.

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

- 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
pathl ossReferencelLinking defined in [11] is used as the reference serving cell for determining
referenceS gnalPower 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.

AT,:,c(i)=10Ioglo((2'3PRE'Ks —1)- Oﬁfq,estcH) for Kg=1.25and 0for Kg=0where Kg isgiven by the

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

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

c-1
- BPRE =Ocq / Ngg for control data sent via PUSCH without UL-SCH data and Z K, / Ngg for other

r=0
cases.

- where C isthe number of code blocks, K, isthesizefor codeblock r, Ocq isthe number of

CQI/PMI bitsincluding CRC bitsand N isthe number of resource elements determined as
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. . L USCH-iniia o
Npg = M BUSCH-nital |\ PUSCH-niid \vhere ¢, K, M2/ and N "M% are defined in

symb

= B2 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/OB/0C/4/4A/4B or in MPDCCH with DCI format 6-0A for serving cell cor jointly coded with
other TPC commandsin PDCCH/MPDCCH with DCI format 3/3A whose CRC parity bits are scrambled with
TPC-PUSCH-RNTI. If the UE is configured with higher layer parameter UplinkPower Control Dedi cated-v12x0
for serving cell ¢ andif subframe i belongsto uplink power control subframe set 2 as indicated by the higher
layer parameter tpc-SubframeSet-r12, the current PUSCH power control adjustment state for serving cell cis

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

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

fC(l) = fc(l —1) + 5PUSCH,C(i — KPUSCH) and ch(I) = fC,Z(i —1) + 5PUSCH,c(i - KPUSCH) if accumulation

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

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

where Jpysch,c(i — Kpysch ) was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or MPDCCH with DCI format 6-0A or PDCCH/MPDCCH with DCI format 3/3A
on subframe i — Kpygy - and where f(0) isthefirst value after reset of accumulation. For a BL/CE

UE configured with CEModeA, subframe i—Kpygyy isthelast subframein 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 structuretype 1, Kpygey =4

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

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

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

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

Kpusch =7
- For all other PUSCH transmissions, Ky s, isgivenin Table5.1.1.1-1.
For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Keusc isgivenin Table5.1.1.1-4.

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

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in which the LSB of the UL index issetto 1, Kpygey =6
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- For al other PUSCH transmissions, Kpygyy isgiveninTable5.1.1.1-4.

- For aserving cell with frame structure type 3,

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

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

8.0.

- If aUE detected multiple TPC commandsin subframe i — Kpygoy » the UE shall use the TPC

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

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

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

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

0/0A/OB/OC/4/4A/4B.

- 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 dpyscy ¢ provided in DCI format 6-

OA.

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

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

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

0/0A/0B/0C/4/4A/4B or MPDCCH with DCI format 6-0A are givenin Table 5.1.1.1-2. If the
PDCCH/EPDCCH with DCI format 0 or MPDCCH with DCI format 6-0A is validated as a SPS
activation or release PDCCH/EPDCCH/MPDCCH, then dpyscp ¢ is0dB.

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

SET1givenin 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

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

- Forserving cell ¢, when Py yg puscH,c Valueischanged by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢
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If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell

Ca

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

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

- when By e pyscrcz valueischanged by higher layers

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
Cc 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 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

fe(i) = Spusch,c i — Kpusch) and T, (i) = Opuson (i = Kpysey) if accumulation is not enabled for

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

where dpyscH ¢ (i — Kpysch ) was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or MPDCCH with DCI format 6-0A for serving cell ¢ on subframe i—Kpygoyy -

For aBL/CE UE configured with CEModeA, subframe i—Kpygyy isthelast subframein which the
MPDCCH with DCI format 6-0A or MPDCCH with DCI format 3/3A is transmitted.

Thevalueof Kp gy iS

For FDD or FDD-TDD and serving cell frame structuretype 1, Kpygoy =4

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

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

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

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

Kpusc =7
- For all other PUSCH transmissions, Ky s, isgivenin Table5.1.1.1-1.

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

For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
r14 for the serving cell ¢
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- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in which the LSB of the UL index issetto 1, Kpygey =6

- For al other PUSCH transmissions, Kpygyy isgiveninTable5.1.1.1-4.
- For aserving cell with frame structure type 3,

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

- For an uplink DCI format 0B/4B with PUSCH trigger A set to 0, Kpygy iSequal to k+l+i' with
i”=mod (niHARQ_ID — Nuaro o » Nuaro ) , where n'warg 10 is HARQ process number in subframe
i, and k, |, nnarg 10 and Nuarg are defined in Subclause 8.0.

- For an uplink DCI format 0A/4A with PUSCH trigger A set to 1 and upon the detection of
PDCCH with DCI CRC scrambled by CC-RNTI and with 'PUSCH trigger B' field set to '1'

described in Subclause 8.0, Kpygy iSequal to p+k+l, where p, k and | are defined in Subclause
8.0.

- For an uplink DCI format 0B/4B with PUSCH trigger A set to 1 and upon the detection of PDCCH
with DCI CRC scrambled by CC-RNTI and with 'PUSCH trigger B' field set to '1' described in
Subclause 80, K pyecy is equal to i+l with i” = mod(amg 1o — Maro 10 » Niarg ) Where

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

If a UE detected multiple TPC commandsin subframe i — Kpygy » the UE shall use the TPC

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

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

0/0A/0B/0C/4/4A14B or aMPDCCH with DCI format 6-0A are givenin Table 5.1.1.1-2. If the
PDCCH/EPDCCH with DCI format 0 or aMPDCCH with DCI format 6-0A is validated as a SPS
activation or release PDCCH/EPDCCH/MPDCCH, then dpyscp ¢ 1S 0dB.

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

PDCCH/EPDCCH with DCI format 0/0A/OB/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)= f.(i-1) and f_,(i)= f ,(i—1) for asubframe

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

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

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

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

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

- If Po ue puscH,c vaueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po UE_puscH,c vaueisreceived by higher layersand serving cell ¢ isa Secondary cell

- fc(o):O
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- Else

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

where

f.(0)=AP +4

ampupc msg2,c

)

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

1O|OglO(M PUSCH c(o))
AF)rarrpup,c = min max O' PCMAX,C -+ I:)O_PUSKZH c(z) + 5mng ’
+,(2)-PL+ A .(0)

AP and AP

rampuprequested ,c

is provided by higher layers and

rampuprequested,c

corresponds to the total power ramp-up requested by higher layers from the first to the last
preambleinthe serving cell ¢, My g, (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 Atr ¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c. If aUE is performing non-contention based random access
procedure and is configured with higher layer parameter pusch-EnhancementsConfig, 8psg2 =
0. For aPUSCH transmission corresponding to ul-Configlnfo-r14, the UE shall assume

APrampuprequested,c msg2,c — 0

- If PO_UE_PUSCH,C,Z value is received by higher layers for aserving cell c.

fc,z(o) =0

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

TDD UL/DL subframe number i

Configuration |0 |12 |3|4|5|6|7]|8]|9
0 -|l6]7]4 -|6]7]4
1 -[-]e6la]l-][-][-]6]4
2 --lal-1-1-1-1a]-[-
3 - -14l414)-1-1-1-1-
4 Sl -Talal-1-1-1-1-1-
5 - -lAa - - -] --]-]-
6 - -J7l7]s5]-1]- 7] -

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 to
absolute and accumulated Jpysch values

vFe Clgglnf]srnrgaliield L Accumulated Absolute dpyscH ¢ [dB] only DCI format
0/0A/OB/OC/3/4/4A/4B/6-0A/3B dpuscc [4B] 0/0A/0B/0C/4/4A14B/6-0A
0 -1 -4
1 0 -1
2 1 1
3 3 4
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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 -lalalal-]-1-1-1-1-
5 Slalal-T-1-1-1-1-1-
6 -|16|7]|7|5]|-16|7]|7]-

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

> W) Passgrre (1) < (Prygan (1) = P (1)

is satisfied where ISPUCCH(i) isthelinear value of Poyccnl(i), ﬁPUSCH,C(i) isthelinear value of Ppyscp (i)
ISCMAX () isthelinear value of the UE total configured maximum output power Py, defined in [6] in subframei
andw(i) isascaling factor of ﬁpUSCH’C(i)for serving cell ¢ where 0<w(i) <1. In casethereisno PUCCH

transmission in subframei IspUCCH @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 Peyu (i) , the UE scales Poyscyy (i) for the serving cells without UCH in subframe i such that the
condition

ZW(i)' ISPUSCH,C (') < (ISCMAX (') - ISPUSCH,] ('))

C#j
is satisfied where ISPUSCHJ (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of
ﬁpuscch(i)fOr serving cell ¢ without UCI. In this case, no power scaling is applied to ISPUSCH,j(i) unless

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

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) > O but for certain serving cells w(i) may be zero.

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

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

lf)PUSCH,j ()= min(lsPUSCH,j (i), (lsCMAX (i)- lsPUCCH (')))

and
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ZW(i) ’ ISPUSCH,C (') < (ISCMAX (') - ISPUCCH (') - ISPUSCH,J' ('))

C#j

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

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

not exceed Py, ON any overlapped portion.

- If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe | for a
given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe
i +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission power to not exceed

P.viax on any overlapped portion.

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

power exceeds P, 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 | for agiven serving cell overlaps with the SRS transmission on subframe | for a
different serving cell(s) and with PUSCH/PUCCH transmission on subframe | or subframe i +1 for another

serving cell(s) the UE shall drop the SRS transmissionsiif the total transmission power exceeds PCM Ax Onany
overlapped portion of the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in paralel with SRS transmission in a symbol on a subframe of a different serving
cell belonging to adifferent TAG, drop SRSiif the total transmission power exceeds Py, 0N any overlapped
portion in the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH

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

P-yax on the overlapped portion.

If the UE is configured with aLAA 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 15.2.1.

For aBL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframeio, 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 a BL/CE UE configured with CEM odeB, the PUSCH transmit power in subframe iy is determined by

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

511.2 Power headroom

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

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 24 ETSI TS 136 213 V14.16.0 (2020-11)

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

If the UE is configured with a SCG,

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

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

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

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

If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives PDCCH/EPDCCH with DCI
format 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 access the LAA SCell for the PUSCH transmission in
subframe i according to the channel access procedures described in Subclause 15.2.1.

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

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

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

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

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

Type 1:

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

PH ype1,¢ (1) = Pomax c (i) {10|0910(M puscH,c(1)) + Po_pusch,c(]) + @c(j) - Ple + Atg e (i) + fc (i) } [dB]

where, Poyax (i), Mpuscrc(): Po puschc(i)s (i), Ple, Ag (i) and fc(i) aredefined in Subclause
51.1.1.
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If the UE transmits PUSCH with PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH ypet,c (i) = Pomax ()= {1010010(M pusci, ¢ () + P _pusch, ¢ (i) + @ (i) Ple + Atp () + fo (i) | [dB]

where, Mpyschc(i), Po puscH,c(i), (i), Ple, Ay (i) and fc(i) aredefinedin Subclause5.1.1.1.
ISCM Ax,c(i) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers ISCMAKC(i) instead of Peyax (i) to higher layers.

If the UE does not transmit PUSCH in subframe 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 set to 1 on aserving cell ¢ and
if the UE reports power headroom in the PUSCH transmission corresponding to the DCI in serving cell ¢, then the
power headroom for a Type 1 report is computed using

PH ype1.c(1) = |5<:MAx,c(i)— {PO_PUSCH,C(l) +0o (1) PL + (i) } [dB]

where, '3cr\/| Ax c(1) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB, where MPR , A-
MPR, P-MPR and ATc are defined in [6]. P pysch,c(D), @c(D), PLc,and f(i) are defined in Subclause 5.1.1.1.

Type 2:

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

(101093 (M pyscrc (1)) +Po, puscre (1)+ @ (i)-Ple +Atee (D) + fo (i))/10

[dB]

PH i)="F i)—10lo :
type2( ) CMAX'C( ) 910 " lo(PO_PUCCH +PL¢ +h(”co| vnHARQvnSQ)"'AF_PUCCH (F)+Anp (F)+gli ))/10

where, Pemax,c: Mpusch,c() . Po puscH,c(1): @c(i), A (i) and f¢(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and Py pyccn» Ple, N(Ncqr ,NHARQ NsR) + Ak pucch (F) . Amyp(F') and g(i) are
defined in Subclause 5.1.2.1

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

(1010930 (M pusc o (10)+Po_puscrc (1)+@c (1) PLe+Are )+ e (i))/10

N — A dB
PH typeo (i) = Pemax ¢ (i) —1010g;9 . 10(P0,PUCCH +PL+g())10 [dB]

where, Pemax,c() s Mpuschc() s Po pusch,c(i) @c(i), A (i) and fc(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and R, pyccy» PLc and g(i) aredefined in Subclause 5.1.2.1.

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

(Po,_puscre (D +ae (D)-PLe + o (i))/10

[dB]

PH i)="PR i)—10lo :
type2( ) CMAX'C( ) Y10 " lo(PO_PUCCH +PL¢ +h(”co| NHARQ vnS?)"'AF_PUCCH (F)+Anp (F)+gli ))/10
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where, Po pysch,c(l), ac(D) and fc(i) arethe primary cell parameters as defined in Subclause 5.1.1.1, Poyax ¢ (i)

v Po puccr» Ple, h(Ncqr s ARG NsR) + Ak pucch (F) . Atxp(F') and g(i) arealso defined in Subclause 5.1.2.1.

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

(Po_puscre (M+ae ()-PLg + o (i))/20
[dB]

PH e (i) = P i)—10l
type2 (i) = Pemax ¢ () —10l0g;o .+ 1glForucon +PLerali)10

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

A-MPR, P-MPR and ATc are defined in [6], Po puscH,c(D), ac(D) 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 resourceis 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

(1010930 (M puscr o (10)+Po_puscrc (1) (1) PLe+Are )+ e (i))/10

N — A dB
PH typeo (i) = Pemax ¢ (i) —1010g;9 . 10(P0,PUCCH +PL+g())10 [dB]

where, Pemax,c() . Mpusch,c() . Po puscH.c(i): (i), Ay (i) and f.(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 belongsto uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f_,(i) instead of f¢ (i) 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-
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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.

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 Ppccn
for the physical uplink control channel (PUCCH) transmission in subframei for serving cell ¢ isdefined by

. | Pemax, c (i),
P (i)=min ’ , ¢ [dBm]
pucen {PO_PUCCH +PLc + h(nCQI "NHARQ, nSR)+ Af puccn (F)+ Ao (F') + (i)

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

PCMAX,C (I)l [dB ]
g g . m
PO PUCCH + PLC + 10|0g10(|v| PUCCH,c (I ))+ ATF,C (I )+ AF_PUCCH (F )+ g(l )

Poucen (i ) =mi n{

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

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

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

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

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

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

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

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

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

information bits for the channel quality information defined in Subclause 5.2.3.3in[4]. neg =1if subframei is
configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If the

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

HARQ-ACK bits sent in subframei.

- For PUCCH format 1,1aand 1b h(nCQ| ,nHARQ,nSR)= 0
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For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,

(AR —1) ,
h(nCQ| ,nHARQ, ngQ) = % , otherwise, h(nCQ| ,nHARQ , ngQ)= 0

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

n,

10'0910{ CfIJ if nCQ| >4

0 otherwise

h(nCQI 'NHARQ, nSR)=

- For PUCCH format 2 and extended cyclic prefix

10log;o if Ncql + NHarg 2 4

Ncal + NHARQ
h(nCQI ' NHARQ, nSR): 4

0 otherwise

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

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

NyarRQ +Nsr —1

h(ncor s NHARQ: NR) = 3

- Otherwise

nHARQ +NR -1
h(ncgr , NHARG  NR) = S E—
- 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

Nparo T Neg + Negr —1
3

h(nCQI 1 Mparg » nSR) =

- Otherwise

Nparo T Neg + Ny —1
2

h(nCQI 1 Myargs Ng) =

- For PUCCH format 4, M F>UCCH’c(i ) isthe bandwidith of the PUCCH format 4 expressed in number of

resource blocks valid for subframei and serving cell ¢ . For PUCCH format 5, M 0 ¢ (i)=1.

Are (i) =1010g,, (250 _1) where BPRE(i)= 0y, (i)/ Nee(i)

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

© Neeli)= Mipuoao(i)- NEB - NEUSSH for PUCCH format 4 and N__(i)= N8 NZUCEH /2 for PUCCH format 5;

- Nfuee =2 (NS, —1)-1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i
and NSPyLrJn(;CH _ 2'(N:ﬂl;lb _1) otherwise.

- Py puccr isaparameter composed of the sum of aparameter Py nominal_puccn Provided by higher layers

and aparameter P, g pyccy Provided by higher layers.
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Opuccn 1S aUE 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 sent jointly coded
with other UE specific PUCCH correction values on a PDCCH/MPDCCH with DCI format 3/3A whose CRC
parity bits are scrambled with TPC-PUCCH-RNTI.

For anon-BL/CE UE, if the UE is not configured for EPDCCH monitoring, the UE attempts to decode a
PDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNT]I and one or several PDCCHs of DCI format
1A/1B/1D/1/2A72/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI on every subframe except when in
DRX.

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

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

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

For a BL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH 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 or

- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an MPDCCH with DCI format 6-1A

for the primary cell and the corresponding detected RNTI 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 asin Subclause 10.1,

the UE shall usethe Jpyccy provided in that PDCCH/EPDCCH/MPDCCH.

Else

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

else the UE shall set Spyeqy = 0 dB.

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

m=0

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

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

Table 10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-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.

- The Opyccy 0B values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A are givenin Table
5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format
1/1A/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A is validated as an SPS activation
PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with DCI format 1A or MPDCCH with DCI
format 6-1A isvalidated as an SPS release PDCCH/EPDCCH/MPDCCH, then Opccy 1S 0dB.
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- The Opycey dB values signalled on PDCCH/MPDCCH with DCI format 3/3A are given in Table
5.1.2.1-1orinTable5.1.2.1-2 as semi-statically configured by higher layers.

- If Po e puccn Valueischanged by higher layers,

- g(0)=AR + Opeg2 » Where

ampup

- O

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,

B)_PUCCH
APrampup =minf ymax| 0, PCMAX,c —-| +PL+ h(nCQI ,nHARQ,nSR) )
+ AF_PUCCH (F) +An0(F')

AP

rampuprequested

Otherwise,

AP, = min[{max(o, PCMAx,c - (PO_PUCCH +PL, ))}’ARampumeqmed ]and

rampup

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

g
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 AP,qmpuprequestea = Omsgz = 0.

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

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

- when Py yg puccn  Vaueischanged by higher layers

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

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

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

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

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

PPUCCH,c(ik) = PCMAx,c(io)
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3/6-1A to
Opyccy Values

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

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

TPC Command Field in
DCI format 3A Ceien |GIE]
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 ¢ isdefined by:

for serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission
Parscli) = M Py o(1), 1010810 (Mens) + P smsc (M) + o PLo + Fansc () 1 g
otherwise

Psrscli) = min{ Pemax.c(): Psrs oFrseT,c(M) +1010g10(Mgrs ¢) + Po_pusch,c(i) + @c(j) - Pl + fo(i) } [dBm]
where
- Pomax (i) isthe configured UE transmit power defined in [6] in subframei for serving cell c.
- Psrs oFrseT c(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.

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

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

- Po puschc(i) and ¢(j) areparametersas defined in Subclause 5.1.1.1 for subframe I, where j=1.
- Oxs,. isthehigher layer parameter alpha-SRS configured by higher layers for serving cell c.

- Py s (M) isaparameter composed of the sum of acomponent P, yovinar srsc (M) which is p0-Nominal-
PeriodicSRS or pO-Nominal-AperiodicSRS provided from higher layers for m=0 or 1 and a component
Po U srsc (M) which is p0-UE-PeriodicSRS or p0-UE-AperiodicSRS which is p0-UE-PeriodicSRS or p0-UE-
AperiodicSRS provided by higher layers for m=0 or 1 for serving cell €. For SRS transmission given trigger
type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- For serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission, the
current SRS power control adjustment state is given by f4g (i) and is defined by:
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- Fgec(i) = fg (i =1) + Ogzs (I — Kgs) if accumulation is enabled, and

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

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

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

- TheUE isnot 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 ¢ is deactivated.

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

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

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

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

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

- For bothtypesof g (*) (accumulation or current absolute) the first valueis set as follows:

- If By Ue srsc Valueisreceived by higher layers

fSRS,c (0) =0

- dse

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

1:SRS,c (O) = AI:Jrampup,c + 5msg 2,c where
5msgz,c 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 )
Apranpup,C =min { ( PCMAX,C - (10|OglO(MSRS,C(O)) + Po_SRs,c(m) + Orsc PL, )J}
AP

rampuprequested ,c
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.
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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 |50MAX (i) , the UE scales Psrg (i) for the serving cell ¢
and the SC-FDMA symbol in subframei such that the condition

D W) Pigs () < Porax (i)

is satisfied where IE’SRSC(i) isthelinear value of Pggs (i), Povax (1) isthelinear value of Pyay definedin[6] in

subframei andw(i) isascaling factor of FA’SRSC(i) for serving cell ¢ where 0<w(i) <1. Notethat 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 | for aserving cell in another TAG, and if the total transmit
power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed If’CM ax (1), the UE scales

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

D W) Pigs (i) < Poax (i)

is satisfied where IE’SRSC(i) isthelinear value of Pggg (i), Povax (i) isthelinear value of Pyay definedin[6] in

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

If the UE is configured with 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 15.2.1.

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

SubframeSet-r12, the UE shall use fqz (l) instead of f (i) to determine Py (i) for subframei and serving cell

¢, where f_,(I) isdefinedin Subclause5.1.1.1.

5.1.3.2 Power headroom for Type3 report

For serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission,
- if the UE transmits SRSin subframe | for serving cell ¢, 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 type3,c (I) = PCMAX c(l )_ {1O|0910(M SRS,c) + PO_SRS,c (m) + aSRS,c ’ PLc + fSRS,c (I) } [dB]

where PL . isdefined in Subclause 5.1.1.1. p,,. (i), M grs ¢ PO_SRS’C(m) O, Targc(i) are
defined in Subclause 5.1.3.1.

- otherwise, power headroom for a Type 3 report is computed using

PH 400 (1) = Poyax o ()= { Py e () + Cs o - PLe + fps o (i) | [0B]
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where PL . isdefined in Subclause 5.1.1.1., PO_SRSK(].) , Opse fSRsc (l) are defined in Subclause 5.1.3.1.

Femaxc (1) 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 Femax (1) instead of pgya, (i) to higher layers.

5.1.4 Power allocation for dual connectivity

If aUE is configured with multiple cell groups,

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

- 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 P, (i1,12) , the UE shall transmit the PRACH on the Peell using the
preamble transmission power P, described in Subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed

Pouax (iLi2) , where Py, (i1,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 transmission,

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

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

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

- If aPRACH transmission on the Pcell in subframe 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 If’c,\,I ax (11,12) , 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, 5, (11,12), where Py, (i1,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.

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

Pouccn _cc1(i1) would exceed SI(i1), the UE scales Pouccn _cc1(11) such that the condition
QA1) - Poyeen_ca(i1) = max{0, SI(i1)} is satisfied where 0< A(i1) <1 and
IS'PUCCH _car (1) = 2(i1)- ISPUCCH _car(iD) . If ISPUCCH _co1(i1) would not exceed SI(i1),
FA"PUCCH ca (D)= FA’PUCCH _cc1(i) - 1f the UE hasa PUSCH transmission with UCI including HARQ-ACK in
subframe i1of serving cell G € CGL, and if Pryecyy ¢ (12) would exceed S1(i1), the UE scales
Prugci o, (i1) such that the condition @/A(i1) - Paygy o, (1) = max{0, SI(i1)} is satisfied where
0< () <1 and P'oygy g (i) = @Ui1) - Prygyy o (1) 1f Poygey o, (1) would not exceed SL(i1),
P uscn < (i) = Poyson < (i2).
SI(i1) isdetermined as follows
0,

A ~ ~ maxsy ~ oq e kg . 1
SI(iD) = Royax (1L,i2) = B, (11) - B, (i2) —min Pemax (11,12) % -PRu(i2)] +;
P (i2)
where

- PL(11) = Pogacy _CGl(il) ;

- ifCG1lisMCG and CG2is SCG,

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

ls'ql (i2)= lf)PUCCH ce2(i2)+ Z (lsPU&ZH o (12)+ ~5Rs,c2 (i 2)} ;

¢,eCG2
- ifCGlisSCG and CG2isMCG

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

éll(i 2)= Ii\)PRACH (1) + ISIPUCCH ce2(12);

N EDY [ﬁPUSCH,CZ(iZ)*;S«%(iZ))

,eCG2

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

Isql(i 2)= ISPRACH _cez(i 2) + |3' PUSCH , |, (i2);

Islql (i2)= Z lE)PUSCH C (i2)+ Z I§SRS!Oz (i2);

c,eCG2,co#], c,eCG2

- otherwise,

Isql(i 2)= ISPRACH _CG2 (i2);
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© P2 = Pacos_ccaliD+ X (P 12+ P, (12))

¢,cCG2

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

IfspuccH _cc1(i1) would exceed S2(i1) , the UE scales FA’PUCCH _cc1(12) such that the condition

02(i1) - Poyeen_cea(i1) = max{0, S2(i1) is satisfied where 0< 2(i1) <1 and

P'ocen o (i) = a2(i1) Procen_co1(iD) - 1F Poyen cer(i2) would not exceed S2(i1),

FA"PUCCH ce1 (D) = Poycen cea(id) - If the UE hasa PUSCH transmission with UCI ot including HARQ-
ACK in subframe ilof servingcell G, € CGL, and if Paeyy < (11) would exceed S2(i1), the UE scales
FA’PUSCH < (12) such that the condition &2(i1)- FA’F,USCH ()= max{0, S2(i1)} is satisfied where

0< @2(il) <1 and f"pusw o (iD) = 02(i1) - Py o, (11) . 1f Py, (i1) would not exceed S2(i1),

P ouscn C (i) = Foyn cl(ll)
S2(i1) is determined as follows

0,

. A .| max 7CG2
S2(i1) = Poyax (11,i2) — P, (i1) — P,,(i2) - min Poax (i12) P,(i2)
P, (32

where

- Pu(i0) = Poacn_cor(iD +P'pucon cou (iD)if the UE hasaPUCCH 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 a PUCCH transmission with UCI including HARQ-ACK/SR in subframe |2 of CG2,

2(' 2) = Pogact cez('z) + P'PUCCH G2 (i2)

P2= T (Pusons, 12+ P, (2)):

¢,eCG2

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

|5q2 (i 2) = ISPRACH _cez(i 2) + lE)IPU&:H o (i 2)

|3Iq2 (i2)= Z ISPUSCH C2 (i2)+ Z 63?3,02 (i2);

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

- otherwise,

I:A:‘qz(i 2) = ISPRACH _CG2 (i 2)
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P12 Pucon 021D+ Y (P 12+ Pl (12))

¢,eCG2
- ifCG1lisSCGand CG2isMCG

- 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

FA)qz(i 2) = lE)PRACH 7ce2(i 2) + FA)I PUCCH _CG2 (i 2) + |5' PUSCH, j, (i 2)

Islqz (i2)= Z ISPUSCH C2 (i2)+ Z 69?3@2 (i2)

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

ISPUCCH _CG2 (i 2) =0

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

cG2: Peusch iz (i2)=0
CG2;

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

- otherwise

I:A:‘qz(i 2) = ISPRACH _CG2 (i 2)

PLi2=Y [If'PUSCH,CZ(iZ)+ Lsas,cz(iz)j

c,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe i1lof CG1, the UE shall determine
0,
. A - A A .| MaXq ~ ooy Yecr B g
S3(i1) = Royax (11,12) = R5(i1) - Bi3(i2) - min Pewax (iLi2) 100 Pis(12)
P's(i2)
where

- if the UE has a PUCCH transmission in subframe ilof CG1 and/or a PUSCH transmission with UCI inin
subframe ilof serving cell j; € CGL R5(i1) = Pogacyy co1(iD + P'pyccn e (1D + Ployscnrj, (1D,

where Poycon _cc1(i1) =0 if the UE does not have a PUCCH transmission in subframe ilof CG1,
FA’F,USCH i, (I1) = Oif the UE does not have a PUSCH transmission with UCI in subframe i1of co1;
OtherWiSEISus(il) = ISPRACH _car(1D):

- ifCG1lisMCG and CG2is SCG

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

Pa(i2) = Pogacst_c62(12) + Plovcen_co2 (2 + P oygen , (12)

Pz D Pugue(2+ Y P, (i2)

,eCG2,c#], c,eCG2

PPUCCH _CG2 (i 2) =0

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

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 38 ETSI TS 136 213 V14.16.0 (2020-11)

cG2: Peusch iz (i2)=0
CG2;

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

- otherwise

I:A:‘qs (i 2) = ISPRACH _CG2 (i 2)

N -NES (ﬁPUSCH,CZ(izﬂ;S,CZ(iZ)j;

¢,eCG2

- if CG1lisSCG and CG2isMCG

Pia(i2) = Pogacst 022+ Ploveen co2 (iD+ D Plassonre, (12)

¢,eCG2

Ps(i2)= Y P, (i2)
c,eCG2 .

- If thetotal transmit power of all the PUSCH transmission(s) without UCI in subframe i1of CG1 would exceed
S3(i1) , the UE scales Py 4 (11) for each serving cell ¢, € CG1 with a PUSCH transmission without

UCI in subframe 11 such that the condition Zw(il) . ISPUSCH’q(il) < max{0,S3(i1)} issatisfied, where
¢eCGl1

ISIPUSCH,cl (i) =w(il)- ISPUSCH’q(il) , and where W(i1) isascaling factor of FA’PUSCHCl (i) for serving cell
¢, where 0<w(i1) <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 11of CG1 would not exceed S3(i1),

P'PUSCH,cl (iD= PPUSCH,cl (iD).

where

P.yax (i1, 2) isthe linear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2)as described in [6];

- ifCG1lisMCG and CG2 is SCG

IfSF,UCCH_CGl (i2) isthelinear value of Phyccy (i) corresponding to PUCCH transmission on the primary

A

cel ; Poyocr ccz(i2) isthelinear value of Ppycey(i2) corresponding to PUCCH transmission on the
PSCell.

Vee1 = Vmce

- if CG1isSCG and CG2 isMCG;

IsPUCCHfCGl (12) isthelinear value of Ppyccy(11) corresponding to PUCCH transmission on the PSCell;

A

Poucen ce2(12) isthelinear value of Fpyee(i2) corresponding to PUCCH transmission on the primary
cell.

Veer = Vo
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A

- Pruscn (11) isthelinear value of Py o, (i2) for subframe ilof serving cell of serving cell ¢, € CGL, and

FA’F,USCH‘C2 (i2)isthelinear value of Pyygq . (i2) for subframe i2of serving cell of serving cell ¢, € CG2.

- Yuce @d Y4 aregiven by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

- If the UE has aPRACH transmission for CG1 overlapping with subframe i1 of CG1, Pogaq, car(iisthe

linear value of the transmission power of that PRACH transmission; otherwise, FA’PRACH e =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 c2(12)=0.

- |55R5,c2(i2) is determined as follows

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

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

~

] '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 ¢, 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 7CG2(| 2)}

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

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

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

i2 of servingcell C,e CG2

2 0,
P (| 2) =Maxs -~ ) . . . .
o {PSRS’CZ (12) = Pruser 2 (12) = Foycon 7ce2(| 2)}
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If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells
within a TAG of acell group CG1 would exceed S4(i1) , the UE scales Py, (i1) for the serving cell ¢, € CGland

the SC-FDMA symbol in subframe i1 such that the condition ZV(i1)~ |35Rs,q (1) <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(il) isthelinear value of Py . (i1) described in Subclause 5.1.3.1, and V(i) isascaling factor of

ISSRS,Cl (i) 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 i1lin a TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe 11for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(i1) , the UE scales 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(1D) issatisfied, where P'yg, (i1) = V(i1) - Pogg, (i1) isthe transmission power of
c,eCG1

SRS after scaling, and where V(il) isascaling factor of FA’SRSC1 (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,
o o - .| MaXy 5 oy Yosr B g
SA(ID) = Poyax (iLi2) — P,y (i2) — min Pemax (i1,i2) 100~ R4(i2)
P (i2)
where

- ifCG1lisMCG and CG2 is SCG

ISqA(i 2)= ISPRACH _cez(i 2)+ 5IPUCCH _CG2 (i2)+ Z ISIPUSEH C (i2)

¢,cCG2

Po(i2)= D Pus,(i2)

¢,eCG2

- ifCG1isSCGand CG2isMCG

Pt (12) = Poacn 6202+ Pl ovcen c02(2)+ D Plavsone, (20 + Y Plae, (i2)

¢,eCG2 ,CG2

P (i2)=0
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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,

lSPRACH 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 inaTAG of CG1
overlaps some portion of the first symbol of the PUSCH transmission on subframe i1+ 1 for adifferent

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

the total transmission power of the UE across all CGs does not exceed P, 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 11+ 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 i1 for agiven serving cell ina TAG of CG1
overlaps with the PUCCH/PUSCH transmission on subframe i1 or 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 CG1 if itstota transmission power across al CGs

exceeds P, 0N any overlapped portion of the symbol.

if the SRS transmission of the UE in asymbol on subframe i1 for agiven serving cell in CG1 overlaps with
the SRS transmission on subframe i1 for adifferent serving cell(s) in CG1 or overlaps with SRS transmission
on subframe 12 for aserving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe i1 or 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 al CGs exceeds P, 0N any
overlapped portion of the symbol.

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

UE shall, when requested by higher layers, to transmit PRACH on subframe 11+ 1 in asecondary serving cell
in CG1 and/or to transmit PRACH on subframe 12+1 inaserving cell in CG2 in parallel with

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

does not exceed P, on 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

oo | PaD),
Pee:(iD = ming o ~ . L A .
PCMAX (Il, i2- 1) - PPRACH_CGl ('1) - Pcez(' 2— 1) - PPRACH_CGZ (' 2— 1)

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

Poyax (iLi2-1) -—ﬁ; ,

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

PL,(i1) = min

where,

D) = Procen_corliD+ 3 (oo o (10 + Prs (11

- ccCG1

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

~

- Pruson (1) = O, if the UE does not have a PUSCH transmission in serving cell C€ CGL1.

A

- Prucen —CGl(I =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;

- Yeer =7mes | and Yes2 =V if cG1isMCG and CG2 is SCG;
. Yee1 = Vs gnd Vo2 = Yuce | if cG1is SCG and CG2 is MCG:

. Ymce and co gre given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

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

A

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

- If the UE hasa PRACH transmission for CG2 overlapping with subframe 12-1 of cao, Frach coz (i2-1)

i the linear value of the transmission power of that PRACH transmission; otherwise, Prpac o (12—1)=0.

|55R5,0(i 1) isdetermined as follows

if the UE does not have an SRS transmission in subframe i1 of serving cell ce CGl or if the UE dropsthe
SRS transmission in subframe 11 of serving cell Ce CG:I-due to collision with a PUCCH transmission in
subframe i1 of serving cell C€ CGL

- 59?5,&:(“) =0;

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

A

- I':Ssas,c (i) = ISSRs,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 €€ CGL

= 01
© Pgs (i) =max< -~ . - i
¥ {PSRS,C(I:L) — Poucen CGl(Il)}

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

: 5@56(i1)=max{9’ o }
Y PSRS,C(Il) - PPUSCH ,c('l)

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,
© Pgsc(i)=maxq . - s .
- {PS?S,C(I:L) — Pousert ¢ (i1) = Poycen _cm('l)}

where FA’SRS’C(il) isthelinear value of Pgyg . (i1) described in Subclause 5.1.3.1.

If If’PUCCH e (1) would exceed Ischl(i) , the UE scales FA’F,UCCH o1 (1) such that the condition

() Pryeen _cer(i) < Ply (i) is satisfied where

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

primary cell, in case thereis no PUCCH transmission in subframei on the primary cell FA’PUCCH (1) =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 lsPUCCH_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 ISPUSCH,; (i) would exceed If’chl(i) the
UE scales ISPUSCH’j(i) such that the condition O(Z(i)'ISPUSCHJ(i)S PL., (i) is satisfied where ISPUSCH,j(i) isthe

linear value of the PUSCH transmit power for the cell with UCI, and O < a2(i) < lisascaling factor of lf)PUSCH,j (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 ina 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 CG1 so that its total

A

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

Table 5.1.4.2-1: ¥,,cc (Or ¥Y4g) values for determining power allocation for dual connectivity

0 0
1 5
2 10
3 15
4 20
5 30
6 37
7 44
8 50
9 56
10 63
11 70
12 80
13 90
14 95
15 100

5.15 Power allocation for PUCCH-SCell

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

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

- i1=i2=i andPyax(iLi2)=Pyyai) isthelinear value of the UE total configured maximum output

power PCMA> defined in [6] in subframei; and

- Tuce=Ysca=0.

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

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

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

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

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

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

- pa isequd to 5powepoffset + P, +1010g9,,(2) [dB] when the UE receives aPDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

- pa isequal to Oponeoris T Pa [dB] otherwise

where 5power_offset is0 dB for al PDSCH transmission schemes except multi-user MIMO as described in Subclause

7.1.5and where P, isaUE specific parameter provided by higher layers. If the UE is configured with higher layer

parameter must-Config-ri4, 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 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 interferenceis present [4], the UE shall use the higher layer

parameter p-a-must-r14 for determining P,; .
For acell supporting SC-PTM, the UE may assume that for the PDSCH scrambled by G-RNTI,
- p, isequal to F{+1O | OQO(Z) [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; isconfigured per SC-MTCH and is given by higher layer parameter p-a-r13. If P; isnot configured, the
UE may assumethat P = 0 [dB].

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over al the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, or 256QAM, thisratio is0 dB.
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For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSsis 0 dB.

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

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

For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE
of CSI-RSis constant across the downlink system bandwidth and constant across all subframes with discovery signal
transmissions for each CSI-RS resource.

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

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

The cell-specific ratio pg / p, isgiven by Table 5.2-1 according to cell-specific parameter Py signalled by higher
layers and the number of configured eNodeB cell specific antenna ports. Py is given by higher layer parameter p-b-ri3

for PDSCH scrambled by G-RNTI and by higher layer parameter p-b otherwise. In case PDSCH is scrambled by G-
RNTI, if Pg isnot configured, the UE may assumethat p, /p, =1.

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

P, Pelpa
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

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

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

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
amgrrt‘ga the cell-specific RS EPRE is denoted by p, the cell-specific RS EPRE is denoted by pg
> Normal cyclic prefix | Extended cyclic prefix | Normal cyclic prefix | Extended cyclic prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,3,56 2,4,5 0,1,4 0,1,3
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Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or 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 p, cell-specific RS EPRE is denoted by pg
antenna Normal cyclic prefix Extended_ cyclic Normal cyclic prefix Extended_ cyclic
ports prefix prefix
ngmod2 | ngmod2 | ngmod2 | nymod2 | ngmod2 | ngmod 2 | ngmod 2 | ng mod 2
=0 =1 =0 =1 =0 =1 =0 =1
1,2,34,| 0,1,2,3, | 1,2,3,4, | 0,1,2,3,
One or two 56 45,6 5 45 0 - 0 -
2,3,4,5 | 0,1,23, 0,123,
Four 6 456 2,4,3,5 45 0,1 - 0,1 -
5.2.1

eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP (n,g, ) isdefined asfollows:

. Ex(Nogs)
0 if %s RNTR, o

Emax nom
RNTP(Npgs) = - £ (No)
1 if nopromiseabout theupperlimitof —-== i

max_nom

smade

where E , (n.g ) 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 futuretime interval; n,., isthe physical resource

DL
block number Npgg = 0... ,NRB -1 RNTﬁeshd takes on one of the following values

RNTPR o€ {—0-11-10-9-8-7,6-5-4-3-2-10+1+2+3}[¢8] and

pw . L
Er(r12>)<_ nom — DL ALB
NRB ’ Nsc

DL RB
where R(ng( is the base station maximum output power described in [7], and Af , N;Band Nsc aredefined in [3].
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6 Random access procedure
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

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

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

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

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

- Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( 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 on a LAA SCell.
The following steps are required for the L1 random access procedure:
- Layer 1 procedure istriggered upon request of a preamble transmission by higher layers.

- A 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 a non-BL/CE UE or for a BL/CE UE with the PRACH coverage enhancement
level 0/1/2, a preamble transmission power PpracH IS determined as
Peracn = Min{ Poyax (i)  PREAMBLE_RECEIVED_TARGET_POWER + PL. }_[dBm], where

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

the downlink path loss estimate calculated in the UE for serving cell ¢. 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 preamble is 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
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.
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6.1.1 Timing

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

a)

b)

©)

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

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

If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+ 4, except if the transmitted preamble sequenceison aTDD 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 preambl e transmission is
asfollows.

a)

b)

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 equal to 1, the
subframe n+k, isthefirst available UL subframe for PUSCH transmission determined by k, = 6for FDD
and the parameter subframeAssignment for TDD. The UE shall postpone the PUSCH transmission to the next
available UL subframe after n+Kk + A, if the UL delay field isset to 1.

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

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

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

If the most recent PRACH coverage enhancement level for the 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.

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 52 ETSI TS 136 213 V14.16.0 (2020-11)

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, where a PRACH resourceis available.

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

6.2 Random Access Response Grant

The higher layersindicate the Nr-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [§].
Thisisreferred to the Random Access Response Grant in the physical layer.

If BL/CE UE then

- If the most recent PRACH coverage enhancement level for the UE is 0 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:

- where Ny = | N3 /6] and NS =[log,(Nys) |

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- Ny 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.

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

Random Access Response and is determined by higher layer parameter mpdcch-NarrowbandsToMonitor-r13 if
only one narrowband is configured, otherwise, it is determined by Table 6-2-E.
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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 Nyg
"10' (NBgag + 2) mod Nyg
11 (NBgag +3) mod Nyg

-  TheMsg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH
configured by Temporary C-RNTI and/or C-RNTI during random access procedure as given in Table 6.2-B. The

number of downlink narrowbandsis givenby Ng, = LN% / 6J :

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

\Value of 'Msg3/4 MPDCCH narrowband index'|Msg3/4 MPDCCH Narrowband
'00' NB,xmod Nz,
01’ (NBgag +1) mod N g,
10 (NBgag +2) mod Ny,
11 (NBgag +3) mod N,

- Therepetition number field in the random access response grant configured by higher layers indicates the

repetition level 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 =38,

- Ys isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeB-r13 if it issignaled,
otherwise Ys =512.

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

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

Value of 'Repetition number' | Msg3 PUSCH Repetition level

000 Y, /128]

‘001" Ys /64

'010' Ye/ 32

011" Ys/16

100" Ys/8

101" Ye/ 4

110 Ys/2

'111' Ys

Table 6.2-E: Narrowband ( NBg,g ) for MPDCCH RAR.

Mapped Preamble Index NBgar
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

The resource allocation field isinterpreted as follows:

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

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

The truncated modulation and coding scheme field isinterpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 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 as follows:
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

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

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

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

b= ’_I og, (N o (N RS +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 bit isset to 1, and b= Ulogz(N Y (N +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 be used for setting the power of the PUSCH, and is interpreted according to
Table6.2-1.

end if

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

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

In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic
CQI, PMI, 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 O.

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
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- 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 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

cdl;

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

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

serving cell.

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

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

serving cell (as defined in Subclause 10.2).

For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of
downlink HARQ processes for the serving cell shall be determined by the DL -reference UL/DL configuration for the
serving cell (as defined in Subclause 10.2), asindicated in Table 7-2.

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

For TDD and a BL/CE configured with CEModeA, the maximum number of downlink HARQ processes for a serving

cell shall be determined asindicated in Table 7-3.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ

processes for FDD, TDD and FDD-TDD.

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

TDD UL/DL configuration

Maximum number of HARQ processes

4

7

10

9

12

15

OO WIN|IF|O

6
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Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type
2, and serving cell frame structure type 1

DL-reference UL/DL Maximum number of HARQ processes
Configuration
0 10
1 11
2 12
3 15
4 16
5 16
6 12

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

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

O |WIN|FL|O

7.1 UE procedure for receiving the physical downlink shared
channel

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

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

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

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

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

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

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

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

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

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

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

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHsis by SI-RNTI.

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

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

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

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

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

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

Transmission scheme of PDSCH
If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2).

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

If aUE is configured by higher layers to 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 MPDCCHs is by P-RNTI.

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

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

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

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

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

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

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

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

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

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

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

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

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

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

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

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

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

If aUE is configured by higher 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)

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 60 ETSI TS 136 213 V14.16.0 (2020-11)

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 . > P
6-1A or 6-1B common | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

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

For a BL/CE UE, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions
signalled via MPDCCH according to one of the transmission modes: mode 1, mode 2, mode 6, and mode 9.

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

For frame structure type 1,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP 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 apair 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 blocksin an assignment which partly
collidesin frequency with atransmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframes and that capability isindicated by pdsch-CollisonHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

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

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBsto
which a pair of VRBsis mapped if either one of the two PRBs overlaps in frequency with atransmission 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 VRBsis mapped if either one of the two PRBs overlapsin
frequency with atransmission of primary or secondary synchronization signalsin the same subframe;

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

- If the 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 ¢, .

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

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

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

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

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHYEPDCCHsisby 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 layers to decode PMCH or,

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

the UE shall upon detection of a PDCCH with CRC scrambled by the 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, n2?>", i =01 by higher

layers for UE-specific reference signal generation as defined in Subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

DCI format 2D

UE specific by C-RNTI

mode DIE! fomr e SREMET EPEER corresponding to PDCCH
Mode 1 DCI format 1A Sgn;?;c?ﬂacngy C-RNTI Single-antenna port, port 0 (see Subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see Subclause 7.1.1)
DCI format 1A Common _and Transmit diversity (see Subclause 7.1.2)
Mode 2 UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1A Sgrs";;c?ﬁac ”gy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 3 DCI f t2A | UE ific by C-RNTI Large delay CDD (see Subclause 7.1.3) or Transmit
orma specitic by & diversity (see Subclause 7.1.2)
Common and - .
Mode 4 DCI format 1A UE specific by C-RNTI '(I':rlans:llt dlver5|t: (IseeItS'uIbcl.aus(e 7.1.82)b I
- osed-loop spatial multiplexing (see Subclause
DCl format 2 UE specific by C-RNTI 7.1.4)or Transmit diversity (see Subclause 7.1.2)
Mode 5 DCI format 1A Sgr;?;cr;ﬁacngy C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1D | UE specific by C-RNTI Multi-user MIMO (see Subclause 7.1.5)
DCI format 1A Sgn;?;c?ﬁingy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 6 DCI f t1B | UE ific by C-RNTI Closed-loop spatial multiplexing (see Subclause 7.1.4)
orma specitic by & using a single transmission layer
c If the number of PBCH antenna ports is one, Single-
ommon and :
Mode 7 DCI format 1A UE specific by C-RNTI antenna port, port 0 is usgd (see Subclause 7.1.1),
otherwise Transmit diversity (Ssee Subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
If the number of PBCH antenna ports is one, Single-
DCI format 1A Common and antenna port, port 0 is used (see Subclause 7.1.1),
UE specific by C-RNTI ) S .
otherwise Transmit diversity (see Subclause 7.1.2)
Mode 8 -
Dual layer transmission, port 7 and 8 (see Subclause
DCl format 2B | UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1)
e Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port O is
DCI format 1A Common and UE specific by u_sed (_see Subclause 7.1.1), otherwise Transmit
C-RNTI diversity (see Subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) or
Mode 9 dual layer transmission port 7-8 (see Subclause
7.1.5A), if UE is configured with higher layer parameter
semiOpenLoop, up to 8 layer transmission, ports 7-14
DCI format 2C | UE specific by C-RNTI (see Subclause 7.1.5B) otherwise; or single-antenna
port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is
configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1)
otherwise
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
DCI format 1A Common and UE specific by used (see Subclause 7.1.1), otherwise Transmit
C-RNTI diversity (see Subclause 7.1.2)
e  MBSFN subframe: Single-antenna port, port 7
(see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) or
Mode 10 dual layer transmission port 7-8 (see Subclause

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

Transmission Search . .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A 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)

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

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

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

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these 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 layersto decode PMCH or,

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

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.
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A UE configured in transmission mode 10 can be configured with scrambling identities, n2MRS! | i =01 by higher

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

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

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

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

Transmission Transmission scheme of PDSCH corresponding to
mode DCI format Search Space PDCCH
Mode 1 DCI format 1A Sggr;é)c?ﬁ?:ngy C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port O (see Subclause 7.1.1)
f Common and - . |
Mode 2 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1 UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 3 DCI format 1A Sgrgr;;gﬁingy C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 2A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 4 > . Transmit diversity (see Subclause 7.1.2)
DClformat2 | UE specific by C-RNTI y -
Mode 5 DCI format 1A Sggr;gcr;fﬁngy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 6 DCI format 1A Sgg[;gcri]ﬁ?:ngy C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 7 DCI format 1A Sgrgr;;gﬁingy C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see Subclause 7.1.1)
Mode 8 DCI format 1A Sgg[;gcr;f%ngy C-RNTI Single-antenna port, port 7(see Subclause 7.1.1)
DCI format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
DCI format 1A Sgg[;gcri]ﬁ?:ngy C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
Mode 9 configured with higher layer parameter semiOpenLoop, or
- : single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if
DCI format 2C UE specific by C-RNTI UE is configured with higher layer parameter dmrs-tableAl,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
DCI format 1A Sgg[;gcr;f%ngy C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
Mode 10 configured with higher layer parameter semiOpenLoop, or
DCI format 2D UE specific by C-RNTI single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if
P y UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCIl format | Search Space EPDCCH
DCI format 1A g[ER?\lp_ﬁuflc 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 g_ER?\IpTeICIf'C 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?\lpﬁcmc 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 g_ER?\IpTeICIf'C 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?\lpﬁCIflc 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 g_ER?\IpTeICIf'C 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?\lpﬁc'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\eﬂglfgzléiCH corresponding to
Mode 1 6-1A UE specific by C-RNTI | Single-antenna port, port O (see Subclause 7.1.1)
Mode 2 6-1A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 6 6-1A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 9 6-1A UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
NOTE: For BL/CE UEs configured with transmission mode 6, and for DCI 6-1A mapped onto the UE specific

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

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the
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corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these 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 Sgrgmé)cr;ﬁind If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
1A b p Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
y 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)

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 Ny p , nl(SSC'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
{78 isnot associated with transmission of PDSCH to another UE.
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If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on
antennaport pe{7,81113 corresponding to one codeword values 4-11 in Table 5.3.3.1.5C-2 [4] is used, the UE

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

7.1.2 Transmit diversity scheme

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

7.1.3 Large delay CDD scheme

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

7.1.4  Closed-loop spatial multiplexing scheme

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

7.1.5 Multi-user MIMO scheme

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

ower -offset

Downlink power offset field 5pwer_offsa [dB]

0 -10log10(2)
1 0

7.1.5A Dual layer scheme

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

7.1.5B Up to 8 layer transmission scheme

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

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of dual layer transmission scheme on
antenna ports{7,8} or{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 alocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource alocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

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

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with
type 1 resource allocation have the same format and are distinguished from each other viathe single bit resource
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
alocation. EPDCCH DCI formats with atype 2 resource allocation do not have a resource allocation header field.

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

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

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

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

Resource allocation for MPDCCH with DCI format 6-1B is given by the Resource block assignment field as described
in [4]. For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and
CEModeB, the allocated widebands (WBSs) 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 spatial multiplexing using up to 8 transmission layersin transmission mode 10, that the resource allocation
granularity and precoding granularity in terms of PRB pairsin the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
PRB pairs of the resource allocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding appliesto al PRB pairs within a set.

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

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

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

pdsch-maxBandwidth-config with value 20MHz and CEModeB

Indices of allocated WBs
Wideband
combination index DL DL DL
N2 =50 | NE=75 | N& =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

Resource allocation type O

In resource allocations of type 0, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBSs) 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 is set to O

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

isused in place of Ngé‘ for the rest of this sub-clause, unless explicitly

DL
N'LR’,;:G-LNSBJ and N'2
mentioned.

otherwise

- Resource block group size (P) isafunction of the system bandwidth as shown in Table 7.1.6.1-1.
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The total number of RBGs ( Ngg ) for downlink system bandwidth of NR5 isgivenby Nggg = ’_N Y, P-‘ where
\_N% / PJ of the RBGs are of size Pand if N2 modP >0 then one of the RBGsis of sizeNB5 —P-|N2% /P . The

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

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

- The RBGsshall be indexed according to RBG indexing described in Subclause 8.1.5.1 by replacing N,gée with
Nrgc » ‘Uplink' with 'downlink’, and Ngg with N2§ (butnot N'o5).
otherwise

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

The order of RBG to bitmap bit mapping is such that RBG 0to RBG Nz —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
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

7.16.1-1. ARBG subset P, where 0< p< P, consistsof every Pth RBG starting from RBG P . The resource
block assignment information consists of three fields [4].

Thefirst field with ﬂogz(Pﬂ bitsis used to indicate the selected RBG subset among P RBG subsets.

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

The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to L SB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
alocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not alocated to the UE otherwise. The

portion of the bitmap used to address VRBsin aselected RBG subset hassize Npy'— and is defined as
NE7E = [NgS 1P ] ~[log,(P)] -1
The addressable VRB numbers of a selected RBG subset start from an offset, A, (P) to the smallest VRB number

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

alocation span is set to 0, the offset for RBG subset P isgivenby Ag,, (P) = 0. Otherwise, the offset for RBG
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subset P isgivenby Ay (P) = NFEC* (p) — NYPF! where the LSB of the bitmap isjustified with the

highest VRB number within the selected RBG subset. N2> (p) is the number of VRBsin RBG subset P and
can be calculated by the following equation,
DL _ DL _
NL21~P+P ,p<NL1modP
P P
DL _ DL _
NRECSDSR () NREZ L P+ (N —DmodP+1 | p= —NRT: Lmodp
DL DL
NRBZ e ,p> Nee =11/ 0dp
P P

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

i +Agy .
n5g§wbset(p){$(p)J P?+p-P+(i + Agire (p)) mod P

7.1.6.3 Resource allocation type 2

For BL/CE UEs with resource allocation type 2 resource assignment, N% =6 and Ny =6 isusedintherest 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 hit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value O indicates Localized and value 1 indicates Distributed VVRB assignment) while distributed
virtual resource blocks are always assigned in case of resource alocation signalled with PDCCH DCI format 1C.
Localized VRB alocations for a UE vary from asingle VRB up to a maximum number of VRBs spanning the system
bandwidth. For DCI format 1A the distributed VRB allocations for a UE vary from asingle VRB up to NO% VRBs,
where ND:, isdefinedin[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI
format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB allocations for a UE vary from asingle VRB up to No-. VRBs if N;’;
is 6-49 and vary fromasingle VRB up to 16 if N2 is50-110. With EPDCCH 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 distributed VRB
dlocations for aUE vary from asingle VRB upto NJ:. VRBsif NEt is6-49 and vary fromasingle VRB up to 16 if
N is50-110. With PDCCH DCI format 1C, distributed VRB allocations for a UE vary from N3* VRB(s) up to
[N2L /NS | NP VRBswith an increment step of N3, where N3 valueis determined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.

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

System BW ( NRDé‘) Nzg
DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A,
atype 2 resource allocation field consists of a resource indication value (RIV) corresponding to a starting resource block
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( RBgg ) and alength in terms of virtually contiguously allocated resource blocks Lgg - The resource indication value
is defined by

it (Lorpe —D) <[N2 /2] then
RIV = Npy (Legss — 1) + RBgy,
else
RIV = Ngy (Ngy — Leges +D + (N —1- RB,,)

where L g > 1 and shall not exceed N\ — RB,,, .

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

corresponding to a starting resource block ( RBgys =0, N3P, 2N3P,..., (LN\?;B/N;}QDJ_l)NggD)and alength interms

of virtually contiguously allocated resource blocks ( Leggs = N3P, 2N3P,..., |_N\?IR_B / Nggﬂj. N3®).
The resource indication value is defined by:

it (L —1) <| N2 /2] then

RIV = N/2 (Ll —1) + RB

start

else
RIV = N (Nigs — Lorss +1) + (Nigs —1-RBg,)
where Liga, = Legas/ Nig'» RBla = RByy / Nig” and Nigg = LN\/DRIE I Neg® J Here,

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

start *

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-SartSymbol-r11

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

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

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

received,

- Otherwise
- baasa s given by the CFI value in the subframe of the given serving cell when NS5 >10, and |oqu

is given by the CFl value + 1 in the subframe of the given serving cell when NR5 <10.
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For a UE configured in transmission mode 10, for a given activated serving cell

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

- 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 O - 3

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

- baasan jsgiven by | epoccrsa fOF the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (| cppecnsar @S defined in Subclause 9.1.4.1),

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

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

received.

- otherwise

- 'oaasat s given by the CFI value in the subframe of the given serving cell when NBL >10, and

'bassart s given by the CFI value+1 in the subframe of the given serving cell when N5 <10.

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

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

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

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

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

received
- otherwise
_ loassn jggiven by the CFI value in the subframe of the given serving cell when N Rs >10, and

lbassart s given by the CFI value + 1 in the subframe of the given serving cell when NR2% <10.

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-

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

_ IDaIaSlan = min(2, lDataStart),
- otherwise

- I DataStart l DataStart |

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

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

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

© pusa: 1S 9iVeN by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is
received

- Otherwise

lpaesas 1S iven by the CFI value in the subframe of the given serving cell when N Rs >10, and

'bassart s given by the CFI value+1 in the subframe of the given serving cell when N5 <10.

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

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

- DataStart

DataStart |

7.1.6.4A PDSCH starting position for BL/CE UEs

The starting OFDM symbol for PDSCH is given by index |pg.qq: inthefirst slotin asubframe K and is determined
asfollows

- for reception of SIB1-BR

| patastart = 3if NRg > 10for the cell on which PDSCH is received

| patasiat =241f NRg <10for the cell on which PDSCH is received
- ese

llljata.&art 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

lDa[aStart = mln(z’lDaIeStart>
- dse

DataStart -

DataStart

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

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 76 ETSI TS 136 213 V14.16.0 (2020-11)

- 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 NB'B‘ modP’>0 then one of the PRGsis of size

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

If the UE isaBL/CE UE, PRGsof size P’ =3 partition a narrowband with RB indices 0-2 in the narrowband in one
PRG and RB indices 3-5 in the narrowband in another PRG.

Table 7.1.6.5-1
System Bandwidth PRG Size (P’)
(NE (PRBs)
<10 1
11-26 2
27-63 3
64 — 110 2
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7.1.7 Modulation order and transport block size determination

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

- iftheUEisaBL/CE UE

if PDSCH isassigned by MPDCCH DCI format 6-1A

- read the 4-bit "modulation and coding scheme ( | 1, )" field in the 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 ( | s )" 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

I 1

- read the 4-bit "modulation and coding scheme ( | .5 )" field inthe DCI and set 1756 = I ycs -

- €eseif PDSCH carriers Systeml nformationBlockTypel-BR
- st |;gg tothevalue of the parameter schedulinginfoS B1-BR configured by higher-layers
- otherwise
- read the 5-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, to Npgg from Subclause 5.3.3.1.3in[4]
- for DCI format 1C:

- useTable7.1.7.2.3-1 for determining its transport block size.

else
- iftheUEisaBL/CE UE

if MPDCCH DCI CRC is scrambled by RA-RNTI for DCI format 6-1A
- setthe Table 7.1.7.2.1-1 column indicator N, t0 Nigg from Subclause 5.3.3.1.121in [4]

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

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

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

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

- otherwise,
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- 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 DWPTS of the specia subframein
frame structure type 2, then

- for special subframe configuration 9 with normal cyclic prefix:

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

- for other special subframe configurations:

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

. . ’
- elsesettheTable7.1.7.2.1-1 column indicator Npgz = Npgs -

- otherwise

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

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

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

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

- for other special subframe configurations:

- settheTable 7.1.7.2.1-1 columnindicator Npgg = maX{LN;RB ><O.75J, 1} :

- else, setthe Table 7.1.7.2.1-1 column indicator Npgg = Npgg -

The UE may skip decoding atransport block inaninitial 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 DWPTS 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 special subframe.

For frame structure type 2, a BL/CE UE shall assume PDSCH is dropped in a special 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 S| messages.

7.1.7.1 Modulation order and redundancy version determination

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

assigned by MPDCCH DCI Format 6-1B, or if PDSCH carriers Systeml nformationBlockTypel-BR, or if PDSCH carries
BL/CE 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 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 theassigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel ;s and 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.

- dse

- if the assigned PDSCH is transmitted only in the second slot of a subframe, the UE shall usel ,,.sand Table
7.1.7.1-1 to determine the modulation order (Q. ). The modulation order (Q,, ) used in the physica 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
| ies Q. Qn I'1es
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
e Qn Qn I 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
e Qn Qn I res
15 6 8 20
16 6 8 21
17 6 8 22
18 6 8 23
19 6 8 24
20 8 8 25
21 8 8 27
22 8 8 28
23 8 8 29
24 8 8 30
25 8 8 31
26 8 8 32
27 8 8 33/33A/33B
28 2 2
29 4 4
30 6 6 reserved
31 8 8

For BL/CE UEs, the same redundancy version is applied to PDSCH transmitted in a given block of Nacc consecutive
subframes, if the PDSCH is not carrying Systeml nfor mationBlockTypel-BR or SI message. The subframe number of the
first subframe in each block of N, consecutive subframes, denoted as N, , satisfies (nabSl - §)mod Ny =0,
where 0 =0 forFDDand & =2 for TDD. Denote io as the subframe number of the first downlink subframe

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

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 ;25‘3“ subframes, the redundancy

version (rvi) is determined according to Table 7.1.7.1-2 using IV = (] + vy )mod4, where
NanZSCH + ((IO — 5) mod Nacc)
N

sequential in time, starting with j =0 to which subframeio belongs. For a BL/CE UE configured in CEModeA,

Ny =1 and 'V, isdetermined by the 'Redundancy version' field in DCI format 6-1A. For a BL/CE UE
configured with CEModeB, or a BL/CE UE receiving PDSCH associated with P-RNTI, N, =4 for FDD and

Nae =10 for TDD, and 'V =0.

j=041,...,J7°%" 1 ang I =

—l .The J™P** blocks of subframes are
acc

Table 7.1.7.1-2: Redundancy version

Redundancy version Index
rv 'Vidx
0 0
1 2
2 3
3 1
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7.1.7.2 Transport block size determination
For BL/CE UEs configured with CEModeA, |+, isusedinplaceof 1,,.in therest of this Subclause

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

- for DCI format 1A or DCI format 6-1A:

- theUE shall set the TBSindex (I,55) equal to I,,. and determineits TBS by the procedure in Subclause
7.1.72.1for 0<1,55<26.

- for DCI format 1C and DCI format 6-2:
- theUE shall setthe TBSindex (I,55) equd 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 set the TBSindex (|;55) equal to 1,,.s and determineits TBS from Table 7.1.7.2.3-1.

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

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

- for 0<1,,.s <28, the UE shall first determine the TBSindex (I 5¢) using s and Table 7.1.7.1-1 except if

the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For atransport block
that is not mapped to more than single-layer spatial multiplexing, the 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 latest
PDCCH/EPDCCH for the same transport block using 0< I, < 33. If thereis no PDCCH/EPDCCH for the
same transport block using0 < | ., < 26, and if the initial PDSCH for the same transport block is semi-

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

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

wes =0 and if rviex = 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 TBS index (I ,5¢) using |, and Table 7.1.7.1-1A except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When 1|, . = 27,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbslndexAlt, |55 iS33A, or if
the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in thsindexAlt2, |, is33B;

otherwise 1,5 is33. For atransport block that is not mapped to more than single-layer spatial multiplexing,

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

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

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

wes =0 and if rviex = 1 otherwise the

elseif the UE supports ce-pdsch-pusch-maxBandwidth with value >56MHz
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else

the UE shall first determine the TBS index (| ;55) using I, and Table 7.1.7.1-1

if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 5SMHz or if the
UE is configured with higher layer parameter pdsch-MaxBandwidth-SC-MTCH with value 24 PRBs

- For CEModeA, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< |z <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< | ;5 <9
if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value > 5SMHz

- For CEModeA, TBSis determined by the procedure in Subclause 7.1.7.2.1 for 0< |z <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.1for 0< |55 <9

otherwise,

- TBSisdetermined by the procedure in Subclause 7.1.7.2.1

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

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

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

for29< 1, <31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< I ,s < 28. If thereisno PDCCH/EPDCCH for the
same transport block using0< 1,,. < 28, and if the initial PDSCH for the same transport block is semi-

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

InDCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if 1, =0 andif rvisx = 1 otherwise the
transport block is enabled.

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

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

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

Table 7.1.7.2.1-1: Transport block size table (dimension 39x110)

I 85 e

1 2 3 4 5 6 7 8 9 10
0 16 32 56 88 120 152 176 208 224 256
1 24 56 88 144 176 208 224 256 328 344
2 32 72 144 176 208 256 296 328 376 424
3 40 104 176 208 256 328 392 440 504 568
4 56 120 208 256 328 408 488 552 632 696
5 72 144 224 328 424 504 600 680 776 872
6 328 176 256 392 504 600 712 808 936 1032
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7 104 224 328 472 584 712 840 968 1096 1224
8 120 256 392 536 680 808 068 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
16 328 632 068 1288 1608 1928 2280 | 2600 2984 | 3240
17 336 696 1064 1416 1800 2152 2536 | 2856 3240 3624
18 376 776 1160 1544 1092 2344 | 2792 3112 3624 | 4008
19 408 840 1288 1736 2152 2600 2084 | 3496 3880 | 4264
20 440 904 1384 1864 2344 | 2792 3240 | 3752 4136 | 4584
21 488 1000 1480 1992 2472 2084 | 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
88 11 12 13 14 15 16 17 18 19 20
288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 068 1032 1096 1160
776 840 904 1000 1064 1128 1192 1288 1352 1416

968 1032 1128 1224 1320 1384 1480 1544 1672 1736
1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
1736 1864 2024 2216 2344 2536 2664 2856 2984 3112

10 1928 2088 2280 2472 2664 2792 2984 3112 3368 3496

11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008

12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584

13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160

14 3112 3496 3752 4008 4264 4584 4968 5160 5544 5736

15 3368 3624 4008 4264 4584 4968 5160 5544 5736 6200

16 3624 3880 4264 4584 4968 5160 5544 5992 6200 6456

17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224

18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992

19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504

20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144

21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912

22 5992 6456 6968 7480 7992 8504 9144 9528 10296 10680

23 6200 6968 7480 7992 8504 9144 9912 10296 11064 11448

24 6712 7224 7992 8504 9144 9912 10296 11064 11448 12216

25 6968 7480 8248 8760 9528 10296 10680 11448 12216 12576

26 8248 8760 9528 10296 11064 11832 12576 13536 14112 14688
26A 7224 7736 8504 9144 9912 10296 11064 11832 12576 12960

OO |N|O|O_(WIN|F|O

I res N
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

ETSI
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18 8248 8760 9144 9528 9912 10296 10680 11064 11448 11832
19 9144 9528 9912 10296 10680 11064 11448 12216 12576 12960
20 9912 10296 10680 11064 11448 12216 12576 12960 13536 14112
21 10680 11064 11448 12216 12576 12960 13536 14112 14688 15264
22 11448 11832 12576 12960 13536 14112 14688 15264 15840 16416
23 12216 12576 12960 13536 14112 14688 15264 15840 16416 16992
24 12960 13536 14112 14688 15264 15840 16416 16992 17568 18336
25 13536 14112 14688 15264 15840 16416 16992 17568 18336 19080
26 15264 16416 16992 17568 18336 19080 19848 20616 21384 22152
26A 13536 14112 15264 15840 16416 16992 17568 18336 19080 19848

I TBS

31 32 33 34 35 36 37 38 39 40

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

OO |N|O|O|~[WIN|F|O

! s 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[OOI~ (WIN|F|O

ETSI
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I TBS

51 52 53 54 55 56 57 58 59 60

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

OO |N|O|O|_[WN|F|O

I N PRB
88 61 62 63 64 65 66 67 68 69 70
0 1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
1 2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2 2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3 3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4 4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5 5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6 6456 6456 6456 6712 6712 6968 6968 6968 7224 7224
7 7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8 8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9 9528 9912 9912 10296 10296 10296 10680 10680 11064 11064
10 10680 11064 11064 11448 11448 11448 11832 11832 12216 12216
11 12216 12576 12576 12960 12960 13536 13536 13536 14112 14112
12 14112 14112 14112 14688 14688 15264 15264 15264 15840 15840
13 15840 15840 16416 16416 16992 16992 16992 17568 17568 18336
14 17568 17568 18336 18336 18336 19080 19080 19848 19848 19848
15 18336 19080 19080 19848 19848 20616 20616 20616 21384 21384
16 19848 19848 20616 20616 21384 21384 22152 22152 22152 22920
17 22152 22152 22920 22920 23688 23688 24496 24496 24496 25456
18 24496 24496 24496 25456 25456 26416 26416 27376 27376 27376
19 26416 26416 27376 27376 28336 28336 29296 29296 29296 30576
20 28336 29296 29296 29296 30576 30576 31704 31704 31704 32856
21 30576 31704 31704 31704 32856 32856 34008 34008 35160 35160
22 32856 34008 34008 34008 35160 35160 36696 36696 36696 37888
23 35160 35160 36696 36696 37888 37888 37888 39232 39232 40576
24 36696 37888 37888 39232 39232 40576 40576 42368 42368 42368
25 39232 39232 40576 40576 40576 42368 42368 43816 43816 43816
26 45352 45352 46888 46888 48936 48936 48936 51024 51024 52752
26A 40576 40576 40576 40576 42368 42368 43816 43816 45352 45352
I N PRB
88 71 72 73 74 75 76 77 78 79 80

1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
7480 7480 7736 7736 7736 7992 7992 8248 8248 8248

oUW IN(F(O
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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

|

88 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
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

OO |N|O|O_(WIN|F|O

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

ETSI
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18 36696 36696 36696 37888 37888 37888 37888 39232 39232 39232
19 39232 39232 40576 40576 40576 40576 42368 42368 42368 43816
20 42368 42368 43816 43816 43816 45352 45352 45352 46888 46888
21 45352 46888 46888 46888 46888 48936 48936 48936 48936 51024
22 48936 48936 51024 51024 51024 51024 52752 52752 52752 55056
23 52752 52752 52752 55056 55056 55056 55056 57336 57336 57336
24 55056 57336 57336 57336 57336 59256 59256 59256 61664 61664
25 57336 59256 59256 59256 61664 61664 61664 61664 63776 63776
26 66592 68808 68808 68808 71112 71112 71112 73712 73712 75376
26A 59256 59256 59256 61664 61664 61664 63776 63776 63776 66592

I TBS

101 102 103 104 105 106 107 108 109 110
2792 2856 2856 2856 2984 2984 2984 2984 2984 3112
3752 3752 3752 3752 3880 3880 3880 4008 4008 4008
4584 4584 4584 4584 4776 4776 4776 4776 4968 4968
5992 5992 5992 5992 6200 6200 6200 6200 6456 6456
7224 7224 7480 7480 7480 7480 7736 7736 7736 7992
8760 9144 9144 9144 9144 9528 9528 9528 9528 9528
10680 10680 10680 10680 11064 11064 11064 11448 11448 11448
12216 12576 12576 12576 12960 12960 12960 12960 13536 13536
14112 14112 14688 14688 14688 14688 15264 15264 15264 15264
15840 16416 16416 16416 16416 16992 16992 16992 16992 17568
10 17568 18336 18336 18336 18336 18336 19080 19080 19080 19080
11 20616 20616 20616 21384 21384 21384 21384 22152 22152 22152
12 22920 23688 23688 23688 23688 24496 24496 24496 24496 25456
13 26416 26416 26416 26416 27376 27376 27376 27376 28336 28336
14 29296 29296 29296 29296 30576 30576 30576 30576 31704 31704
15 30576 31704 31704 31704 31704 32856 32856 32856 34008 34008
16 32856 32856 34008 34008 34008 34008 35160 35160 35160 35160
17 36696 36696 36696 37888 37888 37888 39232 39232 39232 39232
18 40576 40576 40576 40576 42368 42368 42368 42368 43816 43816
19 43816 43816 43816 45352 45352 45352 46888 46888 46888 46888
20 46888 46888 48936 48936 48936 48936 48936 51024 51024 51024
21 51024 51024 51024 52752 52752 52752 52752 55056 55056 55056
22 55056 55056 55056 57336 57336 57336 57336 59256 59256 59256
23 57336 59256 59256 59256 59256 61664 61664 61664 61664 63776
24 61664 61664 63776 63776 63776 63776 66592 66592 66592 66592
25 63776 63776 66592 66592 66592 66592 68808 68808 68808 71112
26 75376 75376 75376 75376 75376 75376 75376 75376 75376 75376

26A 66592 66592 66592 68808 68808 68808 71112 71112 71112 71112

OO |N|O|O|~[WIN|F|O

N prg

I TBS

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

| TBS

11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 10680 11448 11832 12576 12960
28 7736 8504 9144 9912 10680 11064 11832 12576 13536 14112
29 8248 8760 9528 10296 11064 11832 12576 13536 14112 14688
30 8504 9528 10296 11064 11832 12576 13536 14112 14688 15840
31 9144 9912 10680 11448 12216 12960 14112 14688 15840 16416
32 9528 10296 11064 11832 12960 13536 14688 15264 16416 16992
32A 10296 11064 12216 12960 14112 14688 15840 16416 17568 18336
33 10680 11832 12960 13536 14688 15840 16992 17568 19080 19848
33A 9528 10296 11448 12216 12960 14112 14688 15840 16416 17568
33B 10680 11832 12960 13536 14688 15840 16992 17568 19080 19848
34 11448 12576 13536 14688 15840 16992 17568 19080 19848 20616

ETSI
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|
188 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

|
88 31 32 33 34 35 36 37 38 39 40

27 20616 21384 22152 22920 22920 23688 24496 25456 25456 26416
28 22152 22152 22920 23688 24496 25456 26416 26416 27376 28336
29 22920 23688 24496 25456 26416 26416 27376 28336 29296 29296
30 24496 25456 25456 26416 27376 28336 29296 29296 30576 31704
31 25456 26416 27376 28336 29296 29296 30576 31704 31704 32856
32 26416 27376 28336 29296 29296 30576 31704 32856 32856 34008
32A 28336 29296 30576 31704 32856 32856 34008 35160 36696 36696
33 30576 31704 32856 34008 35160 35160 36696 37888 39232 39232
33A 27376 27376 29296 29296 30576 30576 31704 32856 34008 35160
33B 30576 31704 32856 34008 35160 35160 36696 37888 39232 39232
34 32856 34008 35160 35160 36696 37888 39232 39232 40576 42368

I TBS

41 42 43 44 45 46 47 48 49 50

27 27376 27376 28336 29296 29296 30576 31704 31704 32856 32856
28 29296 29296 30576 30576 31704 | 32856 32856 34008 34008 35160
29 30576 31704 31704 32856 34008 34008 35160 35160 36696 36696
30 31704 | 32856 34008 34008 35160 36696 36696 37888 37888 39232
31 34008 35160 35160 36696 36696 37888 39232 39232 40576 40576
32 35160 35160 36696 37888 37888 39232 40576 40576 42368 42368
32A 37888 39232 40576 | 40576 42368 42368 43816 43816 45352 46888
33 40576 40576 42368 | 43816 43816 45352 46888 46888 48936 48936
33A 35160 36696 36696 37888 39232 40576 40576 40576 42368 43816
33B 40576 40576 42368 | 43816 43816 45352 46888 | 46888 48936 48936
34 42368 43816 45352 46888 46888 48936 48936 51024 51024 52752

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

|
88 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
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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
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

|
88 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

I N PRB
88 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

N prg
101 102 103 104 105 106 107 108 109 110

27 66592 66592 68808 68808 68808 71112 71112 71112 71112 73712
28 71112 71112 73712 73712 73712 75376 75376 76208 76208 76208
29 75376 76208 76208 76208 78704 78704 78704 81176 81176 81176
30 78704 81176 81176 81176 81176 84760 84760 84760 84760 87936
31 84760 84760 84760 84760 87936 87936 87936 87936 90816 90816
32 87936 87936 87936 87936 90816 90816 90816 93800 93800 93800
32A 93800 93800 93800 97896 97896 97896 97896 | 101840 | 101840 | 101840
33 97896 97896 97896 97896 97896 97896 97896 97896 97896 97896
33A 87936 87936 87936 90816 90816 90816 93800 93800 93800 97896
33B 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752
34 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528

I TBS
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Transport blocks mapped to two-layer spatial multiplexing

110 , abaseline TBS_L1 istaken fromthe (|
trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS L2.

BS ! N PRB

<55,the TBSisgivenbythe (1, .2 N ., ) entry of Table 7.1.7.2.1-1.

) entry of Table 7.1.7.2.1-1, which is then

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS L1 TBS L2 TBS L1 TBS L2 TBS L1 TBS L2 TBS L1 TBS L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816
100752 201936 101840 203704 105528 211936

7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2

The TBSisgiven by the |

TBS

entry of Table 7.1.7.2.3-1. For DCI Format 6-2, o< |...<7.

TBS —

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2

[ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
TBS | 40 | 56 | 72 | 120|136 |144 |176| 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488
[ 16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26 27 28 29 30 31
TBS | 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
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7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For 1<Nprg <36, the TBSisgiven by the (| 3-Npgrp) entry of Table 7.1.7.2.1-1.

TBS !

For 37<Nprp<11( abasdine TBS L1 istaken fromthe (I, ,N, ) entry of Table 7.1.7.2.1-1, which is then
trandated into TBS_L 3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS_L3.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

ETSI

TBS L1 TBS L3 TBS L1 TBS L3 TBS L1 TBS_L3 TBS L1 TBS L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
76208 230104 81176 245648 87936 266440 93800 284608
78704 236160 84760 254328 90816 275376 97896 293736
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7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1<Nprg<27, the TBSisgiven by the (| 4-Npgp) entry of Table 7.1.7.2.1-1.

TBS !

For 28<Nprg<110, abasdline TBS L1 istaken fromthe (I, ,N,, ) entry of Table 7.1.7.2.1-1, which is then
trandated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBSisgiven by TBS_L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 TBS_L4 TBS_ L1 TBS_L4 TBS_L1 TBS_L4 TBS_L1 TBS_L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800
76208 305976 81176 324336 87936 351224 93800 375448
78704 314888 84760 339112 90816 363336 97896 391656

7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB and PDSCH

BL/CE UEs configured with CEModeB and not configured with higher layer parameter ce-pdsch-maxBandwidth-config

bandwidth up to 1.4MHz

with value >5MHz and not configured with higher layer parameter mpdcch-PD SCH-MaxBandwidth-SC-MTCH with
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value 24 PRBs shall set | and determine its TBS by the procedure in Subclause 7.1.7.2.1for 0<1,,,<9,

=11
TBS — 'TBS

and NPRB =4o0r NFRB: 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

ls | 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
[ 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 IS Noee <14 and 0< |35 <14the TBSisgiven by the (| ) entry of Table 7.1.7.2.1-1.

BS ! N PRB

For15< NPRBS 24, and 0<Z|1 1BsS 14the TBSIs given by the (| ) entry of Table7.1.7.2.8-1.

BS ! 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

| TBS

OO |N|O|OA~(WN|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 yimo - min(M S v ) 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\{<+l!' . V\{“Od((‘*'nSB—lNcb) , Where:
N s

Ng =min| N, ,
B ( \‘C' ch:is “Kuimo 'mm(M DL_HARQ M jimi )

W, C, Ny Koo -@d My are defined in Subclause 5.1.4.1.2 of [4].

MbL_Harg IS the maximum number of DL HARQ processes.
If the UE is configured with a SCG

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

else

- N2 isthe number of configured serving cells.

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. W, shall

correspond to a received soft channel bit. Therange W, W4,..., V\(nOd(("'nSB_lNcb) may include subsets not containing
received soft channel bits.

7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-L ocation indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in Subclause 7.1.10) if the UE is configured with Type B quasi co-
location type (defined in Subclause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use
the parameter set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS
activation for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]) and PDSCH antenna port quasi co-
location (defined in Subclause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
‘00’ Parameter set 1 configured by higher layers
'01' Parameter set 2 configured by higher layers
'10' Parameter set 3 configured by higher layers
11 Parameter set 4 configured by higher layers

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set:

- crs-PortsCount-r11.
- crsFregShift-ril.
- mbsfn-SubframeConfigList-r11.
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- csi-RSConfigZPld-r11.
- pdsch-Sart-r11.
- qcl-C3-RS-ConfigNZPId-r11.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in Subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
Subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in Subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in Subclause 7.1.10) if the UE is configured with Type B
quasi co-location type (defined in Subclause 7.1.10).

If the UE is configured in transmission mode 10 and configured with Type B quasi co-location and configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot' for a CSI process, the UE is not expected to receive a
'PDSCH RE Mapping and Quasi-Co-Location indicator' selecting a parameter set with CSI-RS resource configuration
for the CSl processidentified by the higher layer parameter gcl-CS-RS-ConfigNZPId-r11 corresponding to a
deactivated CSI-RS resource (defined in Subclause 7.2.8) or an activated CSI-RS resource (defined in Subclause 7.2.8)
with no CSI-RS transmission since the activation of the CSI-RS resource.

If the UE is configured in transmission mode 10 and configured with Type B quasi co-location and configured with
higher layer parameter csi-RS-ConfigNZP-ApList and configured with higher layer parameter csi-RS-NZP-mode set to
‘aperiodic' for a CSl process, the UE is not expected to receive a'PDSCH RE Mapping and Quasi-Co-Location
indicator' selecting a parameter set with CSI-RS resource configuration for the CSl 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.

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 Description
indicator for PDSCH RE Mapping ' field
‘00’ IAperiodic zero-power CSI-RS resources 1 configured by higher layers|
'01' lAperiodic zero-power CSI-RS resources 2 configured by higher layers
'10' lAperiodic zero-power CSI-RS resources 3 configured by higher layers
11 IAperiodic zero-power CSI-RS resources 4 configured by higher layers|

7.1.10 Antenna ports quasi co-location for PDSCH
A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell

are quas co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.
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A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 46 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- TypeA: The UE may assume the antenna ports 0 — 3, 7 — 46 of a serving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 46 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CS-RS-ConfigNZPId-r11 (defined in Subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.

For aLAA Scell, the UE is not expected to be configured with quasi co-location type B.

7.1.11 PDSCH subframe assignment for BL/CE UE

A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the
corresponding PDSCH in subframe(s) n+k; withi = 0, 1, ..., N-1 according to the MPDCCH, where

- subframe n isthe last subframe in which the MPDCCH is transmitted and is determined from the starting
subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;
and

- subframe(s) n+k; withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s) where, x=ko<ki<...,kn.1 and the
vadueof N e {n1,n2,...n__ } isdetermined by the repetition number field in the corresponding DCI, where

max

nLn2,.. N, aegivenin Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively and subframe n+x is
the second BL/CE DL subframe after subframe n.

For BL/CE UEs, and for a PDSCH transmission starting in subframe n+ko without a corresponding MPDCCH, the UE
shall decode the PDSCH transmission in subframe(s) n+k withi =0, 1, ..., N-1, where

- subframe(s) n+k; withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s), where O<ko<ki<...,kn-1 and the
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
Table7.1.11-1.

For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1B, the UE shall use the
higher layer parameter pdsch-maxNumRepetitionCEmodeB-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeB in
Table7.1.11-2.

For aBL/CE UE in haf-duplex FDD operation, if the UE is configured with CEModeA, and configured with higher
layer parameter ce-HARQ-AckBundling, and 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, the UE

shall assume N=nl=1.
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Table 7.1.11-1: PDSCH repetition levels (DCI Format 6-1A)

Higher layer parameter
'pdsch- {n1,n2,n3,n4}
maxNumRepetitionCEmodeA'
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32}

Table 7.1.11-2: PDSCH repetition levels (DCI Format 6-1B)

Higher layer parameter
'pdsch-maxNumRepetitionCEmodeB'’ {nl, s 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 with aLAA SCell for UL transmissions, the UE shall apply the procedures described in this
clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(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 the UE 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', 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 CSl
subframe sets Ccg g and Ccgy 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

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
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for eMIMO-Type, and one CSI-RS resource (defined in Subclause 7.2.5) and one CSl-interference measurement
(CSI-1M) 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, and if the UE is configured with a serving cell with frame structure 3, the UE is not

required to update measurements for more than N y CSl processesin a subframe, where the value of N y isgiven
by maxNumberUpdatedCS -Proc-r13.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term 'CSI process
in this Subclause refers to the CSI configured for the UE.

For a UE in transmission mode 9, and if the UE is configured with higher layer parameter eMIMO-Type, and,

- UEisnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS A', each
CSl processis associated with a CSI-RS resource (defined in Subclause 7.2.5).

- UE isnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B', each CSl
process is associated with one or more CSI-RS resource (defined in Subclause 7.2.5).

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS A' and eMIMO-
Type2 isset to 'CLASS B, each CSI process is associated with a CSI-RS resource (defined in Subclause 7.2.5)
for eMIMO-Type, and a CSI-RS resource (defined in Subclause 7.2.5) for eMIMO-Type2.

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B' and eMIMO-
Type2 is set to 'CLASS B', each CSl processis associated with more than one CSI-RS resource (defined in
Subclause 7.2.5) for eMIMO-Type, and a CSI-RS resource (defined in Subclause 7.2.5) for eMIMO-Type2.

For a CSl process, and if a UE is configured in transmission mode 9 or 10, and UE is not configured with higher layer
parameter pmi-RI-Report, and UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to
'CLASS B', and the number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resourceis
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-Typeisset to ‘CLASS B’, and more than one CSI-RS resource configured, and the number
of CSI-RS resource configured with one antenna port is not equal to total number number of CSI-RS resources
associated with the CSI process.

A UE is configured with resource-restricted CSl measurementsiif the subframe sets Cqg o and Ccg; areconfigured
by higher layers.

For a serving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
ri2.

CSl reporting is periodic or aperiodic.

A BL/CE UE configured with CEModeB is not expected to be configured with either aperiodic CSI or periodic CSI
reporting.

If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCelllndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.
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Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic 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 clause 15.2, is successful to determine whether periodic and aperiodic
CSl reporting would occur in the same subframe.

If the higher layer parameter altCQI-Table-r12 is configured and is set to allSubframes-r12,
- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1-r12 or csi-
SubframeSet2-r12,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSl subframe set configured by
altCQI-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

For anon-BL/CE UE, when reporting RI the UE reports a single instance of the number of useful transmission layers.
For each RI reporting interval when the UE is configured in transmission modes 4 or when the UE is configured in
transmission mode 8, 9 or 10 with PMI/RI reporting, a UE shall determine 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 a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type,
except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one for a CSI process, the UE shall determine a CRI from the
supported set of CRI values as defined in Subclause 5.2.2.6 of [4] and report the number in each CRI report, where CRI
value 0 corresponds to the configured csi-RS-ConfigNZPId, first entry of csi-IM-ConfigldList, first entry of p-C-
AndCBSR-PerResourceConfigList, and alter nativeCodebookEnabledFor4TXProc, and CRI value k (k>0) corresponds
to the configured k-th entry of csi-RS-ConfigNZPIdListExt, (k+1)-th entry of csi-IM-ConfigldList, (k+1)-th entry of p-C-
AndCBSR-PerResourceConfigList, and k-th entry of ace-For4Tx-Per ResourceConfigList.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type
set to 'CLASS B' and high layer parameter csi-RS-NZP-mode set to 'multi Shot', and the number of activated CSI-RS
resources is more than one for a CSl process, the UE shall determine a CRI from the supported set of CRI values as
defined in subclause 5.2.2.6 of [4] and report the number in each CRI report, where, if csi-RS-ConfigNZPId is activated,
CRI value 0 corresponds to the activated csi-RS-ConfigNZPId, first entry of csi-IM-ConfigldList, p-C-AndCBSR-
PerResourceConfigList, and alter nativeCodebookEnabledFor4TXProc, and CRI value k (k>0) correspondsto the
(k+1)-th activated CSI-RS resource, which is associated with I-th entry of csi-RS-ConfigNZPIdListExt, (1+1)-th entry of
csi-IM-ConfigldList, (1+1)-th entry of p-C-AndCBSR-PerResourceConfigList, and I-th entry of ace-For4Tx-
PerResourceConfigList; If csi-RS-ConfigNZPId is not activated, CRI value k corresponds to the (k+1)-th activated CSl-
RS resource, which is associated with |-th entry of csi-RS-ConfigNZPIdListExt, (1+1)-th entry of csi-IM-ConfigldList,
(I+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 a multiple PMI report. The number of RBs
represented by a single UE PMI report canbe N 3. or asmaller subset of RBs. The number of RBs represented by a
single PMI report is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI, Rl and PTI
within a precoder codebook subset specified by one or more bitmap parameter(s) codebookSubsetRestriction,
codebookSubsetRestriction-1, codebookSubsetRestriction-2, codebookSubsetRestriction-3 configured by higher layer
signaling.
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For a UE configured in transmission mode 10 and the UE not configured with higher layer parameter eMIMO-Type for
aCSl process, or for a UE configured in transmission mode 9 or 10 and the UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured and except with higher layer
parameter alternativeCodebookEnabledCLASSB_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

Ccsy a@econfigured 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 alternativeCodebookEnabledCLASSB_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', the bitmap parameters codebookSubsetRestriction-1,
codebookSubsetRestriction-2 is configured for the 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 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 _K1=TRUE, the bitmap parameter codebookSubsetRestriction-3 is
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 CS| 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 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 more than one CSI-RS resource configured, the
bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CSI process and each
subframe sets (if subframe sets Ccg 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 _g,-+55, 3, &, Gywhere &, istheLSBand 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 ..., by,b,, by, b, Where by istheLSB 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 4,4, V= 2is associated with the precoder in Table 6.3.4.2.3-1 of [J]

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

b. 4 antennaports: bit &, 1, V= 2,3,4is associated with the precodersin Table 6.3.4.2.3-2 of [3]

corresponding to » layers and codebook indices 12, 13, 14, and 15 while bit & is associated with
the precoder for 4 antenna ports in Subclause 6.3.4.3 of [3].

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 103 ETSI TS 136 213 V14.16.0 (2020-11)

2. Transmission mode 4

a

b.

2 antenna ports: see Table 7.2-1c

4 antennaports: bit a , , ., isassociated with the precoder for » layersand with codebook index

l.in Table 6.3.4.2.3-2 of [3].

3. Transmission modes 5 and 6

a

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

4 antenna ports: bit & _ is associated with the precoder for ¥=1 layer with codebook index k:in
Table 6.3.4.2.3-2 of [3].

4. Transmission mode 8

2 antenna ports. see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit

ay(y_1).;, 1S associated with the precoder for » layersand with codebook index lin Table
6.3.4.2.3-20f [3], v=12.

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit aie(v_l)Jril is

associated with the precoder for » layers (ve {1,2}) and codebook index i, and bit %Mqﬂ)ﬁ-z is

associated with the precoder for » layers (ve{12) and codebook indexi,. Codebook indices i, and
i, aregivenin 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-
Typeisset to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSI process, or when a UE configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for
eMIMO-Type2 of a CSl process. see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSl
process the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE or for a CSl process the UE is configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B, and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for
eMIMO-Type2 of aCSl process: bit aq, 5y, i is associated with the precoder for  layersand

with codebook index iin Table 6.3.4.2.3-2 of [3].

4 antenna ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured except when a UE
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one
CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process, or when a UE configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for

eMIMO-Type2 of a CS process: bit S, 1, is associated with the precoder for » layers (ve{1,2%

) and codebook index i, and bit 8,141, iS associated with the precoder for » layers (ve{1234
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) 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.

d. 8 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-
Typeisset to 'CLASS A', or for when a UE configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSl process, or for when a UE configured
with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB _K1=TRUE for

eMIMO-Type2 of aCSl process: bit & 1(v-1)+i, 1S associated with the precoder for » layers(
ve{1,23456,7,8) and codebook index i, where f1(-) ={0,16,32,36,40,44,4852 } and bit

853+g](,)_1)+i2 is associated with the precoder for » layers (ve{12,34}) and codebook index i,
where g1()) ={0,16,32,48}. Codebook indices i, and i, aregivenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3,
7.24-4,7.24-5,7.24-6,7.24-7, or 7.2.4-8, for ,=1,2,3,4,5,6,7, or 8 respectively.

e. 8,12, 16, 20, 24, 28, and 32 antenna ports and for a CSl process the UE is configured with higher
layer parameter eMIMO-Type, and eMIMO-Typeisset to 'CLASS A": bit ay,o,iem isassociated with
the precoder based on the quantity v, ,, I=01...NJO -1, m=01..,N,O,—1 andbit ay ;o ., , is
associated with the precoder for » layers (ve{1234,56,78 ). The quantity v, . isdefinedin
Subclause 7.2.4. Bit b, ,,,, isassociated with the precoder for » layers(ve{1,234}) and
codebook index i, where g(-) isgivenin 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 alter nativeCodebookEnabledCLASSB_K1=TRUE, or the UE is configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B, and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE for

eMIMO-Type2 of the CSI process: bit & ,, ) +i, Isassociated with the precoder for » layersand
codebook index i.where ve{1,2 and f()={04} for 2 antennaports, ve{1,234 and
f()={081620} for 4 antennaports, and ve{1,2345678 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.

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

Ay 1r++%5: 3, &, & where & istheLSBand a, , istheMSB and where abit value of zero indicates that the

PMI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bits to 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
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- 2 antennaports: bit 3TC is associated with the precoder for =1 layer with codebook index lin Table
6.3.4.2.3-1 of [3].

- 4 antennaports: bit 3TC 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 »
1 2
0 ao -
1 ai a4
2 az as
3 as -

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

Number of bits A@

Transmission modes 9
and 10 N.O;N,O, +8

Table 7.2-1e: Number of bits in codebook subset restriction codebookSubsetRestriction2 bitmap for
applicable transmission modes

Value of codebookConfig Number of bits A

1 12
Transmission modes 9 2 56
and 10 3 56
4 56
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Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for
applicable transmission modes

Number of bits A@

2 sl 4 antenna ports 8 antenna ports
ports
Transmission modes 9
and 10 6 22 60

Table 7.2-1g: g(-) for a CSl process with eMIMO-Type set to 'CLASS A'

Value of codebookConfig 9()
1 {04810}
2 {016,32,48}
3 {016,3248}
4 {016,32,48}

For anon-BL/CE UE, the set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system
bandwidth. A subband is a set of k contiguous PRBs where k is a function of system bandwidth. Note the last subband
in set Smay have fewer than k contiguous PRBs depending on N Bt . The number of subbands for system bandwidth

givenby N3t 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-hit wideband CQI is reported.

- For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, CQI is calculated assuming transmission of one codeword
for RI=1 and two codewords for Rl > 1.

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-hit wideband CQI for codeword O
- A 4-hit wideband CQI for codeword 1

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PM| reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-bit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-
2.
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Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQIl value | Offset level
0
1
2
>3
<-4
-3
-2
-1

N[OOI |WIN|F|O

7.2.1  Aperiodic CSI Reporting using PUSCH

Theterm "UL/DL configuration" in this Subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

A non-BL/CE UE shall perform aperiodic CSl reporting using the PUSCH in subframe n+k on serving cell ¢, upon
decoding in subframe n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,

for serving cell ¢ if the respective CSl request field is set to trigger areport and is not reserved. The UE is not
expected to receive a CSl request field set to trigger areport in a DCI indicating a PUSCH transmission in UpPTS.

For aserving cell cthatisaLAA SCell, aperiodic CSl reporting using the PUSCH in subframe n+Kk is conditioned on if
the UE is alowed to transmit in the subframe according to the channel access procedures described in clause 15.2.1.

A BL/CE UE shall perform aperiodic CSI reporting using the PUSCH upon decoding either:
- anuplink DCI format [4], or
- aRandom Access Response Grant,

for serving cell ¢ 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 CSl 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 ahigher 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-RS-Resourcesis 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 CSl process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the 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 CSl 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
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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 least 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 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 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 is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-r12
for at least one serving cell, areport istriggered for a set of CSl process(es) and/or { CS| process, CSI subframe set} -
pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or { CSI process, CSI
subframe set} -pair(s) associated with the value of CSl request field of '01' in Table 7.2.1-1C, if the CSI request field is
set to '1'. If the UE is configured with higher layer parameter eMIMO-Type2 for a 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

number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CSI process(es), the
report isfor the activated CSI-RS resource for the CSI 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 is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSI process. If the UE is configured with higher layer parameter csi-RS-
ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of 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 is for a higher layer configured eMIMO type associated with the value of CSI request field
for the CSl process. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for a CSl process of the triggered set of 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 CSl 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 CSI request field
for the CSl process. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for a CSl process of the triggered set of CSl process(es), the report isfor the activated CSI-RS resource for the CSI
process.

If the CSI request field sizeis 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, and UE is configured with higher layer parameter csi-RS-ConfigNZP-
ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resources is set to more than '1' for at least one CSI 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
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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
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-ApL.ist 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 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 CSI request field sizeis 4 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport is triggered according to the value in Table 7.2.1-1H
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 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 istriggered 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 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 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 is triggered 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 isfor a higher layer configured eMIMO type associated with
the value of CSI request field for the CSI process.

If the CSI request field sizeis 5 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport istriggered according to the value in Table 7.2.1-1K
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSI 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 CS| configured for the UE on the given serving
cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1% and 2™
set of CSl process(es) in Table 7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CS
processes and/or { CSI process, CSI subframe set} -pair(s) in each of the 1% and 2™ set of CSI process(es) and/or { CS
process, CSl subframe set}-pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more
than one instance of the same CSI processin each of the higher layer configured sets associated with the value of CSI
request field of '01', '10', and '11' in Table 7.2.1-1B and Table 7.2.1-1C respectively. A UE is not expected to be
configured by higher layers with more than 32 CSI processes in each of the 1% to 6™ set of CSI process(es) in Table
7.2.1-1D. A UE is not expected to be configured by higher layers with more than 32 CSI processes and/or { CS| process,
CSl subframe set} -pair(s) in each of the 1% to 61 set of CSI process(es) and/or { CSI process, CSI 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 { CSl 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, CSI subframe set, CSI-RS resource} in each
of the 1% to 7" set of { CSI process, CSI-RS resource} and/or { CSl process, CSl subframe set, CSI-RS resource} in
Table 7.2.1-1G. A UE is not expected to be configured by higher layers with more than 32 of { CSI process, CSI-RS
resource} in each of the 1% to 14" set of { CSI process, CSI-RS resource} in Table 7.2.1-1H. A UE is not expected to be
configured by higher layers with more than 32 { CSl process, CSI-RS resource} and/or { CSI process, CSl subframe set,
CSI-RS resource} in each of the 1% to 14" set of { CSl 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
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instance of the same CSl processin each of the higher layer configured sets associated with the value of CSI regquest
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 301" set of { CSI process, CSI-RS resource} in Table 7.2.1-1J.
A UE is not expected to be configured by higher layers with more than 32 { CSI process, CSI-RS resource} and/or { CSI
process, CS| subframe set, CSI-RS resource} in each of the 1% to 30" set of { CSI process, CSI-RS resource} and/or
{CSl process, CSl subframe set, CSI-RS resource} in Table 7.2.1-1K. A UE is not expected to be configured by higher
layers with more than one instance of the same CSI processin 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 CSI report request for a given subframe.

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 CSl report request triggering a CSl report for eMIMO-Type2 of the CSI processis not expected to
update CSI for eMIMO-Type2 (ncqi_ref -1) (defined in Subclause 7.2.3) subframes before or (Ncqi ref -1) Subframes after
the subframe comprising the non-zero power CSI-RS (defined in [3]) within the CSI-RS resource associated with
eMIMO-Type of the CSI process.

If aUE is configured with more than one CS| process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSl report according to Table 7.2.1-1B is not expected to update CSl corresponding to the CSI

reference resource (defined in Subclause 7.2.3) for all CSI processes except the maXNX - Nu, O) lowest-indexed

CSl processes for the serving cell associated with the request when the UE has N, unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSl process associated with a CSl request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding

CSl istransmitted, and Ncs_p is the maximum number of CSI processes supported by the UE for the serving cell,
and:

- for FDD serving cell NX = I\lcs_p;

- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell , N,< = Ncg_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 value of Ncs_p that

is consistent with its CSI process configuration. If more than one consistent val ue of Ncs_p exists, the UE may
assume any one of the consistent values.
If aUE is configured with multiple cell groups, and if the UE receives multiple aperiodic CSl report requestsin a

subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSl for more
than 5 CSI processes from the CSl processes corresponding to all the triggered CSI reports.

If aUE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSl report, the UE is
not required to update CSI for more than 5 CSl processes from the CSI processes corresponding to all the triggered CSI
reports, in case the total number of serving cellsin the primary and secondary PUCCH group isno more than 5. If aUE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSl 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 CSI processes corresponding to all 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 CS| process for which aperiodic CSI report is requested,
otherwise, by maxNumber UpdatedCSl-Proc-r13.
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Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSl request field Description
'00' No aperiodic CSlI report is triggered
'01' Aperiodic CSlI report is triggered for serving cell ¢
'10' Aperiodic CSlI report is triggered for a 15 set of serving cells configured by higher layers
11 Aperiodic CSlI report is triggered for a 2™ set of serving cells configured by higher layers

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value ofﬁ(;lsdl request Description
'00' No aperiodic CSlI report is triggered
01" Apgriodic 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 15 set of CSI process(es) configured by higher layers
11 Aperiodic CSI report is triggered for a 2™ set of CS| process(es) configured by higher layers

Table 7.2.1-1C: CSI Request field for PDCCH/EPDCCH/MPDCCH with uplink DCI format in UE specific
search space

Value of CSI Description
request field
'00' No aperiodic CSlI 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 CSI report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space

Velluz o) Cicl Description

request field
'000' No aperiodic CSlI 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 CSlI report is triggered for a 5" set of CSI process(es) configured by higher layers
'111' Aperiodic CSI report is triggered for a 6 set of CSI process(es) configured by higher layers
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Table 7.2.1-1E: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
VEle @ Gl Description
request field P
‘000 No aperiodic CSlI report is triggered
001" Aperiodic 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
101" Aperiodic CSI report is triggered for a 41 set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers
110 Aperiodic CSI report is triggered for a 5" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers
111" Aperiodic CSI report is triggered for a 6™ set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

Table 7.2.1-1F: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of
reccl:usést Description
field
'000' No aperiodic CSl report is triggered
001" Aperio_dic CSl report is triggered for a 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 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
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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 with DCI formats used to grant PUSCH transmissions as given by DCI
format 0, DCI format 4 and DCI format 6-0A are herein referred to as uplink DCI format when common
behaviour is addressed.

For aserving cell cthatisnotalLAA SCell, and anon-BL/CE UE, when the CS| request field from an uplink DCI
format is set to trigger areport, for FDD k=4, and for TDD UL/DL configuration 1-6, kis given in Table 8-2. For TDD
UL/DL configuration 0, if the MSB of the UL index isset to 1 and LSB of the UL index isset to 0, kisgivenin Table
8-2; or if MSB of the UL index isset to 0 and LSB of the UL index isset to 1, kisequal to 7; or if both MSB and LSB
of the UL index issetto 1, kisgivenin Table 8-2.

For TDD, if aUE is configured with more than one serving cell and if the UL/DL configurations of at |east two serving
cells are different, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one
serving cell, or for FDD-TDD and serving cell frame structure type 2, the "TDD UL/DL Configuration™” givenin Table
8-2 refersto the UL-reference UL/DL configuration (defined in Subclause 8.0).

For aserving cell ¢thatisaLAA SCell, when the CS| 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
0B/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,

- valueof 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.

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 CSI report with no
transport block associated as defined in Subclause 8.6.2 and positive SR is transmitted in the same subframe, the UE
shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in Subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding Rl and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below. For a BL/CE
UE the UE shall not transmit the RI for any CSl reporting mode in Table 7.2.1-1.

If a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, one of the following CSI reporting
modes given in Table 7.2.1-1 is configured only for eMIMO-Type2 and for any CSl reporting modein Table 7.2.1-1,

- the UE shall not transmit CQI and second precoding matrix indicator i, for eMIMO-Type;

- the UE shall not transmit RI for eMIMO-Type except if the maximum number of supported layers for spatial
multiplexing in DL by the UE is more than 2, then UE feeds back a 1-bit RI according to Table 7.2.1-1L ;

- the UE shall transmit wideband first PMI for eMIMO-Type.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
B’ with more than one CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource
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configured, one of the following CSl reporting modes given in Table 7.2.1-1 is configured only for eMIMO-Type2 and
the UE shdl not transmit CQI, PMI, RI for eMIMO-Type and the UE shall transmit CRI for eMIMO-Type for any CSI
reporting modein Table 7.2.1-1.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

PUSCH CQl UE Selected
Feedback Type (subband CQI)

Wideband

(wideband COQI) Mode 1-0 | Mode 1-1 Mode 1-2

Mode 2-0 Mode 2-2

Higher Layer-configured

(subband CQI) Mode 3-0 | Mode 3-1 | Mode 3-2

Table 7.2.1-1L: Mapping of Rl field to RI

Value of Rl field | RI
0 1
1 3

For non-BL/CE UE and for each of the transmission modes defined in Subclause 7.1, the following reporting modes are

supported on PUSCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 2-0, 3-0, 1-0

: Modes 2-0, 3-0, 1-0

: Modes 2-0, 3-0, 1-0

:Modes 1-2, 2-2, 3-1, 3-2,1-1

:Mode 3-1, 1-1

:Modes1-2, 2-2, 3-1, 3-2, 1-1

: Modes 2-0, 3-0, 1-0

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

: Modes 1-2, 2-2, 3-1, 3-2, 1-1if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled; modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI
reporting and number of CSI-RS ports > 1 and the UE is configured with higher layer
parameter advancedCodebookEnabled; modes 2-0, 3-0, 1-0 if the UE is configured without
PMI/RI reporting or without PMI reporting or number of CSI-RS ports=1 or the number of
CSI-RS portsin each of one or more CSI-RS resourcesin a CSl 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 semi OpenLoop.

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-Type2 is set to 'CLASS B'; modes 1-1, 3-1 if the UE configured
with higher layer parameter semiOpenLoop.

For aBL/CE UE configured with CEModeA, the following reporting modes are supported on PUSCH:

Transmission mode 1
Transmission mode 2
Transmission mode 6
Transmission mode 9

:Mode 2-0
:Mode 2-0
:Mode 2-0
: Mode 2-0
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For Transmission mode 6 and a BL/CE UE configured with a C-RNTI, the BL/CE UE reports CQI for the closed-loop
with spatial multiplexing PDSCH transmission scheme.

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

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, Rl 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-Typein the rest of this Subclause refers to higher layer configured eMIMO type associated with the value of
CSl request field triggering aperiodic CSI reporting for the 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'Rl-reference CSl process for the CSl process. If the UE is configured with a'RI-
reference CSl process for the CSl process, the reported RI for the CSI process shall be the same as the reported RI for
the configured 'RI-reference CSl process. The RI for the 'RI-reference CSl process is hot based on any other
configured CSI process other than the 'Rl-reference CSl process. The UE is not expected to receive an aperiodic CSI
report request for a given subframe triggering a CSl report including CSI associated with the CSI process and not
including CSI associated with the configured 'RI-reference CSI process. If the UE is configured with a'RI-reference
CSl process for aCSl process and if subframe sets Cqg 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 CS| 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

- setof restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Cegq 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

- set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Cegq a@e

configured by higher layers for only one of the CS| 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-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 CSI 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; 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 CSl 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 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 CSl processes
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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
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, and the total number of antenna ports across al configured CSI-RS resources is more than
15, the UE on reception of an aperiodic CSl report request triggering a CSl report in uplink subframe n is not expected
to update CRI corresponding to the CSI 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
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.

= UEisconfigured in transmission mode 9 or 10, and with higher layer parameter
eMIMO-Type, and eMIMO-Typeisset to 'CLASS A', in which case afirst precoding
matrix indicator i; isreported for the set S subbands and a second precoding meatrix

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.

= 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 S subbands, arelative 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 7.2.1-3.
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For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value (if
reported) are calculated conditioned on the reported RI. For other transmission modes they are
reported conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

0 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-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured or when higher
layer parameter semiOpenLoop is configured and RI<3, in which case afirst
precoding matrix indicator is reported corresponding to the selected single
precoding matrix.

e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A, in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix, except when higher layer parameter
semiOpenLoop is configured and RI<3, in which case afirst precoding matrix
indicator is reported corresponding to the selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and Rl values are
calculated conditioned on the reported CRI.

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,

If the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot', and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.
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otherwise,

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in 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 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 wideband CQI represents channel quality for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI value is calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

o Higher Layer-configured subband feedback

0 Mode 3-0 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 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 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
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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.

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

The UE shall also report one subband CQI value for each set S subband. The subband
CQI vaueis calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 3-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter 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 calcul ated 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 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 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
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 CSl-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or when higher
layer parameter semiOpenLoop is configured and RI<3, in which case afirst
precoding matrix indicator is reported corresponding to the selected single
precoding matrix.
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e 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 UE isconfigured 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 a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is cal culated assuming transmission on set
Ssubbands.

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

A UE shall report the selected single precoding matrix indicator for each set S subband
except with,

e 8 CSI-RS ports configured for transmission mode 9 and 10, or with
alternativeCodeBookEnabledFor4TX-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, is reported for the set S subbands and a

second precoding matrix indicator i, is reported 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.
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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 S subbands, a

relative power indicator | o isreported for the set S subbands, and a second
precoding matrix indicator i, isreported for each set S subband.

A UE shall report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values 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

0 Supported subband size (k) isgivenin Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
N rs (k)
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 -110 8

o UE-selected subband feedback

0 Mode 2-0 description:

(o]

If aUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process,, and eMIMO-Typeis set to 'CLASS B', and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

If the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot', and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
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codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

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

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

o0 otherwise,

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-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.

The UE shall select aset of M preferred subbands of size k (where k and M are givenin
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall aso report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

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 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 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-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.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.
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= A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shal report awideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all 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
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set S subbands, a second precoding matrix indicator for all set
S subbands and another second precoding matrix indicator for the M selected
subbands, if the UE is not configured with higher layer parameter eMIMO-
Type or advancedCodebookEnabled, or UE is configured in transmission mode

9 or 10 and advancedCodebookEnabled=TRUE, and reported 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 UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', in which case
the UE shall report afirst precoding matrix indicator i; for 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, inwhich
case the UE shall report afirst precoding matrix indicator i, for all set S

subbands, arelative power indicator | o 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.

0 For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

+ sl

= wheretheset {3}

H; ,(1<s <N, s <s,,)containsthe M sorted subband indices and

X
<X>= (yj X2Y s the extended binomial coefficient, resulting in unique label
4 0 x<y
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o The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by
= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4,

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are afunction of system bandwidth.

0 The number of bitsto denote the position of the M selected subbandsis | = ’7|og 2["\;: 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 all
narrowband(s) in the CSI reference resource.

- If frequency hopping is configured for MPDCCH,

- the UE shall select M=1 preferred narrowband defined in Subclause 6.2.7 of [3] within the set of
narrowband(s) in which MPDCCH is monitored.

- the UE shall also report one CQI value reflecting transmission only over the selected narrowband
determined in the previous step.

- The CQI vaue for the M=1 selected narrowband is encoded differentially using 2-bitsrelative to its
respective wideband CQI as defined by

- Differential CQI offset level = selected narrowband CQI index — wideband CQI index
- The mapping from the 2-bit differential CQI value to the offset level isshown in Table 7.2.1-4.
- the UE shall report the positions of the M=1 selected narrowband according to Table 7.2.1-6.
- otherwise,

- the UE shall report a Differential CQI value = 0 and a position of the M=1 selected narrowband
according to Table 7.2.1-6.
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Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth .
DL Subband Size k (RBs) M

N RB

6-7 NA NA
8-10 2 1
11-26 2 3
27 - 63 3 5
64 — 110 4 6

Table 7.2.1-6: Reporting UE selected narrowband position for BL/CE UEs

nar';l(;jv\r?bbairdszor UE reported bit(s) for
narrowband position MPDCCH Narrowband Reported
MPDCCH
ol (MSB, LSB)
monitoring
1 0 The narrowband used for MPDCCH monitoring
2 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 serving cell is configured by
higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter 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 alternativeCodeBookEnabledFor4TX-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

- Thereareatotal of N subbands for aserving cell system bandwidth given by N Bt Where\_NF?E% /kJ subbands are

of sizek. If ’_N%/k-‘ —LN%/kJ>O then one of the subbandsis of sizen 8 — k- [NB /k .
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- A bandwidth part j is frequency-consecutive and consists of N j subbands where J bandwidth parts span Sor
Ng asgiveninTable7.2.2-2.1f J=1then N, is(NF?BL /k/ﬂ JAfa>1then N iseither (NF?BL /k/ﬂ
or (NF?E% /k/J-‘ ~1, dependingonn 2 , k and J.

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

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

with a corresponding L-bit label indexed in the order of increasing frequency, whereL = {Iog2 { NFE'B‘ [kl J—H )

The CQI and PMI payload sizes of each PUCCH CSl reporting mode are givenin Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSl
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands
- Type lareport supports subband CQI and second PMI feedback

- Type2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2areport supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports RI and wideband 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 od (in subframes) and offset Norrser col (in

subframes) for CQI/PMI reporting are determined based on the parameter cqji-pmi-Configindex (1, p,, ) givenin
Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and Table 7.2.2-1C for TDD or for FDD-
TDD and primary cell frame structure type 2. The periodicity M, and relative offset Nqprger g fOr RI reporting
are determined based on the parameter ri-Configindex (15 ) givenin Table 7.2.2-1B. For a UE configured in

transmission mode 9 and for each serving cell, or for a UE configured in transmission mode 10 and for each CSI
processin each serving cell, if the UE is configured with parameter eMIMO-Type by higher layers, except with higher
layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the number of configured
CSI-RSresources 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 reporting is determined based on the

parameter cri-Configindex (| ., ) givenin Table 7.2.2-1J. When the number of antenna ports in each configured CSl-

o andrelative offset NO,:,:SE,CRﬁor 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 cqi-pmi-Configlndex, ri-Configlndex are for eMIMO-Type2. If a UE is configured with
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to ‘CLASS B' with more than one

RS resource is one, the periodicity M
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CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, the
parameter cri-Configlndex isfor eMIMO-Type. If a 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,
the periodicity Mpy,r andrelative offset Nogpeer o r fOr wideband first PMI/RI reporting for eMIMO-Type are

determined based on the parameter periodicityOffsetindex (| py, ;& ) givenin Table 7.2.2-1L. The parameters cqi-pmi-

Configlndex, ri-Configindex , periodicityOffsetindex, and cri-Configindex are configured by higher layer signalling.
Therelative reporting offset for Rl Noppger g takesvaluesfromtheset {0,-1,., —(N 4 - 1)} - If @aUEisconfigured

to report for more than one CSI subframe set then parameter cqi-pmi-Configlndex, ri-Configlndex,
periodicityOffsetlndex, and cri-Configlndex respectively correspond to the CQI/PMI, RI, PMI/RI, and CRI periodicity
and relative reporting offset for subframe set 1 and cqi-pmi-Configindex2, ri-Configlndex2, 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 cgi-pmi-Configlndex , ri-
Configlndex, periodicityOffsetindex, cri-Configindex, cqgi-pmi-Configindex2, ri-Configlndex2, periodicityOffsetindex2,
and cri-Configlndex2 can be configured for each CSI process. A BL/CE UE is not expected to be configured with the
parameter ri-Configlndex.

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

- Thereporting instances for wideband CQI/PMI are subframes satisfying
(@0 xn¢ +[ng/2 |- Noprser cqr 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 od (in subframes).

- Thereporting instances for wideband first PMI are subframes satisfying
(@ xn; +[ng/2]- Nogeeer cQl Jmod (H”- N pd )=0.

- For aUE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeis set to 'CLASS 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,,r Of period N ” (in subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10 X e+ |_”s/2J WV oeesercor - =N oerser mr //?I)mOd (’” pupr 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-Typeis set to 'CLASS B' with more than one CSI-RS resource configured, and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, and RI reporting for eMIMO-Type2 is
not configured, the reporting interval of CRI reporting for eMIMO-Type is an integer multiple v . of period

N pd (in subframes)

CRI

- Thereporting instances for CRI are subframes satisfying
(10X ng + Lns/ZJ_ NOFFSEF,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 Mg, of period N pd (in subframes).

- Thereporting instances for Rl or Rl and RPI are subframes satisfying
(0xns +[ns/2]- Noprser .cor = Norrser mi Jmod (N pd MR )=0-

- For aUE 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-Typeis an
integer multiple Mgy, & Of period N o Mg (in subframes).
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- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying

(10><nf +|_”s/2J— Norrser co — Norrser r = Noreser emi ir )mod (N pd Mg Mopy g ): 0-

- Incase 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)

- Thereporting instances for CRI are subframes satisfying
(10X ng + Lns/ZJ_ NOFFSEF,CQI - NOFFSET,CRI )mOd(N pd ’ MCRI ): 0.

otherwise

- thereporting interval of the CRI reporting is an integer multiple Mqg, of period N Mg (in
subframes).

- Thereporting instances for CRI are subframes satisfying
(10 XnNg + |_nS/2J— Norrser ca = Noreser w )mod (N pd Mg -Mcg ): 0-

In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:

- Thereporting 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 |- Noprser .cor Jmod N pd =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,,r Of period N o (in

subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying

(10 xn, + |J75 /ZJ_ Nossser o =Nogrser o 170100 (U W )=0.

For a UE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeis set to 'CLASS B' with more than one CSI-RS resource configured, and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, and RI reporting for eMIMO-Type2
is not configured, the reporting interval of CRI reporting for eMIMO-Type is an integer multiple M, of

RI
period N pd (in subframes)

- Thereporting instances for CRI are subframes satisfying
(10X ne + 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:

- Thewideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9
and 10) report hasperiod H . N od 7 and is reported on the subframes satisfying

(0 xn¢ +|ng/2]- Nopreer cqr Jmod (H <N g )= 0. Theinteger H isdefinedas H=J-K+1,

where J isthe number of bandwidth parts.
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- Between every two consecutive wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI
for transmission modes 8, 9 and 10) reports, the remaining J-K reporting instances are used in sequence

for subband CQI (or subband CQI/second PMI for transmission modes 9 and 10) reportson K full
cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports

contains lessthan J-K reporting instances due to a system frame number transition to 0, in which case
the UE shall not transmit the remainder of the subband CQI (or subband 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 PT1 is O for a UE configured in transmission modes 8 and 9 or for aUE
configured in transmission mode 10 without a 'RI-reference CSI process for a CSl process, or the transmitted
PTI is O reported in the most recent RI reporting instance for a CSl process when a UE is configured in
transmission mode 10 with a'RI-reference CSI process for the CSI process, or the transmitted PTI isO 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 has period H’. N od and is reported on the

SUbframessaUSfymg (10 Xng + LnS/ZJ— NOFFS:_r ,CQl )mod (H ".N pd ): 0, where HIISSIgI’]a”ed 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, timesthe wideband CQI/PMI period
HNpg o and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and

subband CQI reports.

The reporting instances for RI are subframes satisfying
(@ xn¢ +[ng/2]- Norrser cor — Norrser riJmod (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-Typeis set 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_ Norrser co — Norrser m = Norrser pmi /r )mod (H ‘Npg Mg Moy r ): 0.

- Incase CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resource is one,

- thereporting interval of the CRI reportingis M, timesthe wideband CQI/PMI period H - N od

- Thereporting instances for CRI are subframes satisfying
(10>< ng + LnSIZJ— NOFFSET .cQl NOFFSET ,CRI )mOd (H ' di ' MCRI ): 0.

otherwise

- thereporting interval of the CRI reportingis M., timesthe RI period H .N o Mg (in subframes).

CRI

- Thereporting instances for CRI are subframes satisfying
(10><nf +|_ns/2J_ Norrser co = Norrser m )mod (H ‘Np Mg Mg ): 0-
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If the UE is configured with higher layer parameter eMIMO-Type2 for a CS| process, at the CQI, PMI, RI, PTI
reporting instances for eMIMO-Type2 of the CS| process, the parameter eMIMO-Type in the rest of this Subclause
refers to the parameter eMIMO-Type2 for the CSI process.

If aUE is not configured with higher layer parameter eMIMO-Type, or for a CSl process a 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 A', or for aCSl process a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Typeiis 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 'multi Shot', and one activated CSI-RS resource, in case of collision of a CSI 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, 2a,
2b, 2c, or 4 of the same serving cell the latter CSl 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-Typeis set to 'CLASS A' for a CSl process, in case of collision of a CSl 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 aCSl 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, 2¢, 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-Typeissetto 'CLASS A’, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, has
lower priority and is dropped.

For aCSl 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 CS| process of one serving cell has the same priority with PUCCH
reporting type (7, 8, 9, or 10) of the same serving cell.

For a serving cell and UE configured in transmission mode 10, in case of collision between CSl reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSl reports corresponding to all CSl processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For a serving cell and UE configured in transmission mode 1-9 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, the CSI report corresponding to CSl
subframe set Cg ; isdropped.

For a serving cell and UE configured in transmission mode 10 and configured with CS| subframe sets Ccg o and
Ccsin 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 CSl reports corresponding to
CSl processes with same csi-Processld-r11, the CSl report corresponding to CSI subframe set Ccg ; isdropped.

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, and if the UE is configured with more than one serving cell, the UE transmits a CS| report of
only one serving cell in any given subframe. For a given subframe, in case of collision of a CSl report with PUCCH
reporting type 7, 8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5,
6, or 11 of another serving cell, the latter CSI with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2¢, 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
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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 agiven
subframe, in case of collision of a CSI 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
laof another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.
For agiven 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 CS|
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 CSl 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 all 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 CSl 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 CS| reports of all serving cells except the
serving cell with CSl reports corresponding to CS| process with the lowest csi-Processld-r11 are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-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-Multi CSl -resour ceConfiguration 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 agiven serving cell with UE
configured in transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processid-r1l = 1 of a
different serving cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with
PUCCH reporting type of the same priority, the CSl report of the serving cell with highest ServCelllndex is dropped.

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

If 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, the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

2p . . 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-MultiCS -
resourceConfiguration, and
- if the UE isnot configured for simultaneous PUSCH and PUCCH transmission or,

- if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH,

in case of collision between CSI and positive SR in a same subframe, CSl is dropped.
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If a UE is configured with format4-MultiCSl -resourceConfiguration or format5-MultiCS-resourceConfiguration, for a
subframe in which only periodic CSl and SR (if any) is transmitted,
— if thereisonly one CSl report in the subframe,

(o]

the CSI report of agiven PUCCH reporting type shall be transmitted on the PUCCH resource

2p . . 2p) . . . .
nlgUE)CH as defined in [3], where nlgUE)CH is UE specific and configured by higher layers for each

serving cell;
In case of collision between CS| 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 aUE transmits only periodic CSl and SR (if any) using either aPUCCH format 4 n(. . or PUCCH format5 n¢)

if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE, when a PUCCH format 4/5 transmission of CSl 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 a single 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-MultiCS -resourceConfiguration, the PUCCH format 5 resource n®)_ ., isused
for transmission of the CSI reports and SR (if any);

if the UE is configured with two PUCCH format 4 resources n¢)_ .~ and n{)_ . according to
higher layer parameter format4-MultiCS-resourceConfiguration, if
(O +0, g +Ogec )< min(M 2\ PuceHe )y Fe . NPUeeH o, the PUCCH format 4 resource with the

RB,1

smaller M PuecHs between n() and @

PUCCH.1 PUCCH,2

is used for transmission of the CSI reports;
otherwise, the PUCCH format 4 resource with the larger M U between N ecna and N ca
is used for transmission of the CSI reports, where

* Q.. Isthetotal number of CSI report bitsin the subframe;

" Ogc isthe number of CRC bits;

= OF =0if thereis no scheduling request bit in the subframe and OX=1 otherwise;

= Mpoeem, i=12,isthe number of PRBsfor n¢) - and n@ ., respectively,
according to higher layer parameter number OfPRB-format4-r13 according to Table 10.1.1-
2;

" NP = (NY, —1)-1 if shortened PUCCH format 4 is used in the subframe and
symb

symb

NPUCCHE _ o (N;rl;b _1) otherwise; and

symb

» [ isthecoderate given by higher layer parameter maximumPayl cadCoderate-r13
according to Table 10.1.1-1.

PUCCH

in a subframe and if (OSR +QOh g +OCRC) >2-Nge+T', the UE shall select the SR (if any) and Negjeportec CS

report(s) for transmission in ascending order of Pricg (y, S C,t), where:
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- O,y isthetotal number of CSl report bitsin the subframe;

- Ogre isthe number of CRC bits

- OF =0 if thereis no scheduling request bit in the subframe and OX=1 otherwise;

T Nge = MGE™ N NS for PUCCH format 4and N _=N"®. NEUSSH /2 for PUCCH format 5, where
NFRCoH = ZA(N:ﬁLnb _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in the subframe and

N;\IJ“(;CH _ 2‘(N;:;1b _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 CSI report is defined as
Prieg (y,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 CSI report type 3/5/6/2a/11, y =2 for CSl report type
2/12b/2c/4, and 'y =3 for CSl report type 1/1&;

- Sisthe CSl process ID according to csi-Processid-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 CSI subframesets Ccg and Ccg; respectively if CSI subframe setsare

configured for the serving cell, and t=0 otherwise.

NCSI,quoned
R
- Thevaue of Ncg,eponec satisfies | O™ + ZOP_CgYn + O [€£2-Nge I and
n=1
® Nesi reportedtd
O™ + Zop_cg'n +Oprc |>2- Nge I, where OF =0 if there no scheduling request bit in the
n=1

subframe and OF'=1 otherwise. OP_CS,n is the number of CSI report bits for the nth CSI report in ascending
order of Prig (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 CSI processes from the CSl processes corresponding to all the configured CSI reports, where the value

of N y isgiven by maxNumber UpdatedCSl-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 CSlI 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 lcoremt 1O N g and Norrser col for FDD or for FDD-TDD and primary

cell frame structure type 1

Lconromi Value of N 4 [Value of Noergr oo
0< Iegpm =1 2 leqr/pmi
2< Lot remi <6 5 lcor/pmi -2
7< Lol /pmi <16 10 lcor/pmi =7
17< Jegpm <36 20 leorem — 17
37< lgquem <76 40 leorem 37
77 < lcolrpmi <156 80 lcairpmi =17
157< 1o mm <316] 160 /e~ 157

lcorpm = 317 Reserved
318< I pu < 349 32 lcquem —318
350 < Igq pu <413 64 leqipm — 350
414 < lcor/pmi <541 128 lcorremi -414
542< | o) pyy S 601 60 lcqiem — 942
602 < Icg py <1023 Reserved

Table 7.2.2-1B: Mapping of Iy to Mg and Nggeger i -

I Value of M g, [Value of Ngerger gy

0< lp <160 1 -l

161< Iy <321 2 - (lg —161)
322< | <482 4 - (lg —322)
483< | <643 8 - (lg —483)
644< | <804 16 - (lg —644)
805< |l <965 32 - (lg —805)
966 < |5 <1023 Reserved

Table 7.2.2-1C: Mapping of lcoremt 1O N g and NorrseT col for TDD or for FDD-TDD and primary

cell frame structure type 2

Icorrpmi \Value of N pg \Value of Noeeser col
l'cairpmi =0 1 l'cairpmi

1< lcaiem <5 5 lcorpmi -1
6< lcor/pmi <15 10 lcai/pmi -6
16< 1cgpm <35 20 leqremt — 16
36< Icqpm <75 40 leqrem — 36
76 < Lot rpmi <155 80 Lot rpmi - 76
156 < ey pw <315 160 leqiemi — 196
316 < |copy <375 60 leqiem —316
B76 < 1cqp <1023 Reserved
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Table 7.2.2-1J: Mapping of |, to M, when Rlreporting is configured

| Value of M q

1
2
4
8
16
32
64
128

7<| <1023 Reserved

CRI

(e}
P}

N oo~ |WIN|F|O

Table 7.2.2-1K: Mapping of | to M, and NOFFSEIR when the number of antenna ports in each

CRI
configured CSI-RS resource is one

| cn Value of M, | value of NOFFSEZCRI
0< | <160 1 “len

161< |4 <321 2 ~ (1 —161)
322< |, <482 4 “ (I —322)
483< |, <643 8 ~ (1 —483)
644< |, <804 16 ~ (I —644)
805< |, <965 32 = (I —805)
966 < | <1023 Reserved

Table 7.2.2-1L: Mapping of lpy /g 10 Mpyr @Nd Nogrgr puir

'emi /R \'C";due of Value of Nogeser pui /wi
PMI/RI

0< lpy /p <160 1 ~lpvi /R

161< lpy q <321 2 ~ (pwi i —161)
322< lpy jp <482 4 - (lpwi /R —322)
483< Ipy jp <643 8 ~ (pwi/p —483)
644 < |py jp <804 16 — (Ipui /i —644)
805< |py jm <965 32 ~ (1 oyt 1m0 — 805)
966 < lpy jr <1023 Reserved

For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity
values apply for aserving cell ¢ depending on the TDD UL/DL configuration of the primary cell [3], where the UL/DL
configuration corresponds to the eimta-HARQ-ReferenceConfig-r12 for the primary cell if the UE is configured with the
parameter EIMTA-MainConfigServCell-r12 for the primary cell, or to the harg-ReferenceConfig-r14 for the primary

cell when the UE is configured with the parameter harg-ReferenceConfig-r14:

- Thereporting period of N pd =1 is applicable for the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in aradio frame are used
for CQI/PMI reporting.

- Thereporting period of N 4 =5 isapplicablefor the serving cell c only if TDD UL/DL configuration of the

primary cell belongsto {0, 1, 2, 6}.
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- Thereporting periodsof N, ={10,20,40,80,160} areapplicable for the serving cell ¢ for any TDD UL/DL
configuration of the primary cell.

DL
For aserving cell with NRB < 7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS portsis defined in Table 7.2.2-1D for first
and second precoding matrix indicator i; and i,. Joint encoding of rank and first precoding matrix indicator i, for

PUCCH mode 1-1 submode 1 for 8 CSI-RS portsis defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH
mode 2-1 for 8 CSI-RS portsis defined in Table 7.2.2-1F for PUCCH Reporting Type la

For a UE configured with transmission mode 9 or 10, and the UE configured with parameter eMIMO-Type by higher
layers, and eMIMO-Typeisset to 'CLASS A', and PUCCH Reporting Type 1a, the sub-sampled codebook for PUCCH
mode 2-1 for value of parameter codebookConfig set to 2, 3, or 4 isdefined in Table 7.2.2-1F, for value of parameter

codebookConfig set to 1, the value of the second PMI, LYE ,issetto .

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index i1 second PMI value and codebook index i2 total

Value of the first PMI |, Codebook index iy | Vvalue of the second PMI [ Codebook index iy | #bits
1 0-7 21 PMI1 0-1 21 PMI 2 4
2 0-7 21 PMI1 0-1 IPMIZ 4
3 0-1 ZIPMll 0-7 4|_IPM|2/4J+IPMI2 4
4 0-1 2l opia 0-7 | w2 4
5 0-3 oz 0 0 2
6 0-3 e 0 0 2
7 0-3 I onia 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i, for PUCCH mode 1-1 submode 1

Value of joint encodling of Rl and the first PMI = Codebook index iy

R /PMI1

0-7 1 2l a i
8-15 2 2( 1 g /pmi1-8)
16-17 3 2(1 g o1 ~16)
18-19 4 2(1 g o1 ~18)
20-21 5 2(1 g jpwi1-20)
22-23 6 2(1 g jpwi1~22)
24-25 7 2(1 g jpwi-24)

26 8 0
27-31 reserved NA
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index iy
RI : -
Value of the second PMI P2 Codebookindex i
1 0-15 | o 2
2 0-3 2|PMI2
3 0-3 8| lomiz/ 2]+ (Ipy,mod2)+2
4 0-3 2l oy 2
5 0 0
6 0 0
7 0 0
8 0 0

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-1G for first and second precoding matrix
indicator i; andi,. Joint encoding of rank and first precoding matrix indicator i, for PUCCH mode 1-1 submode 1 for
transmission modes 8, 9 and 10 configured with alter nativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table

7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-11 for PUCCH Reporting Type la.

Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports

Relationship between the first PMI Relationship between the second PMI
value and codebook index i, value and codebook index iy total
Value
of
the Value of
first the
PMI ) second
RI I oni1 Codebook index ' PMI oy, Codebook index i, #bits
1 0-3 Al o4 0-3 2|PM|2+4'|_|PM|2/2J 4
2 0-3 Al o4 0-3 lown 2 + Z'LI PMI 2/2J 4
3 0 0 0-15 w2 4
4 0 0 0-15 | o 2 4

Table 7.2.2-1 H: Joint encoding of Rl and for PUCCH mode 1-1 submode 1 with 4 antenna ports

Value of joint Codebook index i;
encoding of
Rl and the
first PMI RI
IRI/PMIl
0-7 1 I romi 1
8-15 2 T
16 3 0
17 0
18-31 reserved NA
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Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports

Relationship between the second PMI
value and codebook index i,
Value
RI of the
second
PMI
[ Codebook index i
1 0-15 I owr 2
2 0-3 IPMI2+2'|_|PMI2/2J
3 0-3 2|PM|2+4'L|PM|2/2J
4 0-3 2|PM|2+4'|_|PM|2/2J

For a UE configured with transmission mode 9 or 10, and the UE configured with parameter
advancedCodebookEnabled=TRUE and RI<2and PUCCH Reporting Type 2b, the sub-sampled codebook for
PUCCH mode 1-1 for value of RI=2 isdefined in Table 7.2.2-1H, and for value of RI =1, the value of the second

PMI, | issetto ip.

PMI 27

Table 7.2.2-1H: PUCCH mode 1-1 codebook subsampling, with parameter
advancedCodebookEnabled=TRUE, RI=2

Relationship between the second PMI value and codebook index iy
Value of the second PMI |, , Codebook index iy
0 2048
1 2113
2 2178
3 2243
4 2568
5 2633
6 2698
7 2763
8 3348
9 3413
10 3478
11 3543
12 3868
13 3933
14 3998
15 4063

An CRI or RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode isvalid
only for CSI reports for that serving cell on that periodic CSI reporting mode.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSl
process can be configured with a'RI-reference CSl process. The RI for the 'Rl-reference CSl process' is not based on

any other configured CSI process other than the 'RI-reference CSI process. If the UE is configured with a'RI-reference
CSl process for aCSl process and if subframe sets Cqg 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 'RI-reference CS| process that have a

different:

- periodic CSl reporting mode (including sub-mode if configured), and/or

- number of CSI-RS antenna ports, and/or
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set of restricted RIs with precoder codebook subset restriction 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 if subframe sets Ccq o
and Ccg, areconfigured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Cqg o and Ccg; are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CS|
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.

If aUE isconfigured for CRI reporting,

For the calculation of CQI/PMI/RI conditioned on the last reported CRI, in the absence of alast reported CRI the
UE shall conduct the CQI/PMI/RI calculation conditioned on the lowest possible CRI. If reporting for more than
one CSI subframe set is configured, CQI/PMI/RI is conditioned on the last reported CRI linked to the same
subframe set asthe CSl report.

For the calculation of CQI/PMI conditioned on the last reported Rl and CRI, in the absence of alast reported RI
and CRI, the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI associated with
the lowest possible CRI and as given by the bitmap parameter codebookSubsetRestriction and the parameter
alternativeCodeBookEnabledFor4TX-r12 if configured. If reporting for more than one CSI subframe set is
configured, CQI/PMI is conditioned on the last reported RI associated with the last reported CRI and linked to
the same subframe set as the CSI report

otherwise,

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of alast reported RI the UE
shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction and the parameter alter nativeCodeBookEnabledFor4TX-r12 if configured. If
reporting for more than one CS| subframe set is configured, CQI/PMI is conditioned on the last reported RI
linked to the same subframe set as the CSl report.

For anon-BL/CE UE, the periodic CSI reporting modes are described as following:

e Wideband feedback

0 Mode 1-0 description:
= Inthe subframe where RI isreported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more

than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RSresource is more than one):

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 147 ETSI TS 136 213 V14.16.0 (2020-11)

e If aUEisconfigured in transmission mode 10 with a'RI-reference CS|
process for a CS| process, the RI for the CS| process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a RI assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a Rl assuming transmission on set S subbands, and conditioned
on the last reported periodic CRI if the UE is configured with CRI reporting.

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

= Inthe subframe where Rl and CRI isreported (for transmission mode 9 or 10 without
PMI reporting and without higher layer parameter csi-RS-NZP-mode configured, and
number of configured CSI-RS resources more than one, and for transmission mode 9 or
10 without PMI reporting and with higher layer parameter csi-RS-NZP-mode set to
'multiShot', and number of activated CSI-RS resources more than one):

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

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

e The UE shall report atype 7 report consisting of one Rl and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin each of configured CSI-RS resourcesis
one):

e A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report atypelO report consisting of one CRI.
= Inthe subframe where CQI is reported:

o If the UE is configured without PMI reporting (only for transmission mode 9
or 10):

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

0 A UE shal report atype 4 report consisting of

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

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshown in Table 7.2-2.

o If the UE isconfigured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CSl process’ for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
selected precoding matrix and CQI for the CSl process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process” in the most recent RI
reporting instance for the CSI process and last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI and the last reported periodic CRI.
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0 otherwise,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
selected precoding matrix and CQI for the CSl process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process' in the most recent RI
reporting instance for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

e otherwise,

0 A UE shall report atype 4 report consisting of one wideband CQI
value which is calculated assuming transmission on set S subbands.
The wideband CQI represents channel quality for the first codeword,
even when RI>1.

0 For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calcul ated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

0 Mode 1-1 description:
= Inthe subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):
o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same as the RI in the most recent CSl report comprising RI for the
configured 'Rl-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shal report atype 3 report consisting of one RI.
= |nthe subframe where RI and CRI is reported for transmission modes 9 and 10:
e A UE shall determine a CRI assuming transmission on set S subbands.

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, the RI for the CS| process shall be the same asthe
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e TheUE shall report atype 7 report consisting of one RI and one CRI.

= |nthe subframe where RI and RPI is reported for transmission modes 9 and 10:

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CS| process, the RI for the CS| process shall be the same as the
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RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

If the determined RI>2, RPI is set to 0; otherwise UE shall determine a RPI
assuming transmission on set S subbands.

The UE shall report atype 11 report consisting of one RI and one RPI.

= Inthe subframe where Rl and afirst PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports without CRI reporting and not
configured with advancedCodebookEnabled or 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
UE is configured with CRI reporting, and for transmission modes 8, 9 and 10
configured with submode 1 and alter nativeCodeBookEnabledFor4TX-r12=TRUE
without CRI reporting and not configured with advancedCodebookEnabled:

If the UE is configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the Rl in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

The UE shall report atype 5 report consisting of jointly coded RI and afirst
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

If the UE is configured with CRI reporting,

o Ifthe UEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'Rl-reference CSI
process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'RI-reference CSl process; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic Rl and
last reported periodic CRI.

otherwise,

o If the UE isconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'RI-reference CS
process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'Rl-reference CSI process’; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic RI.

= |nthe subframe where CRI, Rl and afirst PMI are reported for transmission modes 9,
and 10 configured with submode 1 and 8 CSI-RS portsin at least one of the configured
CSI-RSresources, or for transmission modes 8, 9 and 10 configured with submode 1
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and alternativeCodeBookEnabledFor4TX-r12=TRUE and 4 CSI-RS portsin at least
one of configured CSI-RS resources:

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

If aUE is configured in transmission mode 10 with a'Rl-reference CSI

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI.

If the configured CSI-RS resource corresponding to the determined CRI
comprises 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE, the UE shall report atype 8
report consisting of jointly coded CRI, RI and afirst PMI corresponding to a
set of precoding matrices selected from the codebook subset assuming
transmission on set S subbands. Otherwise, the UE shall report a type 8 report
consisting of jointly coded CRI, RI and afirst PMI fixed to zero.

If the UE is configured in transmission mode 10 with a 'Rl -reference CSI
process for a CSl process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'RI-reference CSl process, the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'RI-reference CS| process;
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI and last reported periodic CRI conditioned on the reported
CRI.

= |n the subframe where the wideband first PMI is reported, for transmission modes 9 and
10 with higher layer parameter eMIMO-Type configured, and eMIMO-Type set to
'CLASS A, or for transmission modes 9 and 10 with higher layer parameter

advancedCodebookEnabled = TRUE configured, and last reported periodic RI<2,

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

A UE shall report atype 2areport consisting of the wideband first PMI
corresponding to the selected set of precoding matrices.

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

= Inthe subframe where CQI/PMI isreported for all transmission modes except with,

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto 'CLASSA', or

UE configured with higher layer parameter
advancedCodebookEnabled=TRUE, and last reported periodic RI<2, or

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

alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE configured with CRI reporting, or UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeisset to 'CLASSB',
and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured:
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A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

A UE shall report atype 2 report consisting of

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

The selected single PMI (wideband PMI).

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

If the UE is configured with CRI reporting,

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

otherwise,

For transmission modes 4, 8, 9 and 10,

e If aUEisconfigured in transmission mode 10 with
a"RI-reference CSI process' for a CSl process, and
the most recent type 3 report for the CSI processis
dropped, and atype 3 report for the "RI-reference
CSl process' isreported in the most recent RI
reporting instance for the CS| process, the PMI and
CQI for the CSI process are calculated conditioned
on the reported periodic RI for the configured "RI-
reference CSl process' in the most recent RI
reporting instance for the CSl process; otherwise
the PMI and CQI are calculated conditioned on the
last reported periodic RI.

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

=  Inthe subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 without CRI reporting, or for 8 CSI-RS
ports or 4 CSI-RS ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE in the
selected CSI-RS resource and UE is configured with CRI reporting, or for transmission
modes 8, 9 and 10 with submode 1 and alter nativeCodeBookEnabledFor4TX-
r12=TRUE without CRI reporting, or for transmission modes 9 and 10 with higher layer
parameter eMIMO-Type configured, and eMIMO-Type set to 'CLASS A’, or for
transmission modes 9 and 10 with higher layer parameter advancedCodebookEnabled

=TRUE configured, and last reported periodic RI<2:

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

e A UE shall report atype 2b report consisting of

o

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

The wideband second PMI corresponding to the selected single
precoding matrix.
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When RI>1, an additional 3-bit wideband spatial differential CQl,
which isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

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

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

Otherwise,

otherwise,

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

(o]

(o]

The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process.

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

Otherwise,

The wideband second PM1 value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

= Inthe subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with submode 2 and 8 CSI-RS ports configured without CRI reporting
and not configured with advancedCodebookEnabled, or 8 CSI-RS ports or 4 CSI-RS
ports with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS
resource and UE is configured with CRI reporting, and for transmission modes 8, 9 and
10 with submode 2 and alter nativeCodeBookEnabledFor4TX-r12=TRUE configured
without CRI reporting and not configured with advancedCodebookEnabled:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.
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A UE shall report atype 2c report consisting of

o

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

The wideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in Subclause 7.2.4.

When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

(0]

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

otherwise

(o]

UE Selected subband feedback

0 Mode 2-0 description:

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

In the subframe where RI is reported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RSis more than one):

If aUE is configured in transmission mode 10 with a'RI-reference CSI

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a RI assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a Rl assuming transmission on set S subbands, and conditioned
on the last reported periodic CRI if the UE is configured with CRI reporting.

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

In the subframe where Rl and CRI is reported (for transmission mode 9 or 10 without
PMI reporting and without higher layer parameter csi-RS-NZP-mode configured, and
number of configured CSI-RS resources more than one and the number of antenna ports
in at least one of the configured CSI-RS resources is more than one, and for
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transmission mode 9 or 10 without PMI reporting and with higher layer parameter csi-
RS- NZP-mode set to 'multi Shot', and the number of activated CSI-RS resources more
than one and the number of antenna portsin at least one of the activated CSI-RS
resources is more than one):

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

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

e TheUE shall report atype 7 report consisting of one RI and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin each of configured CSI-RS resourcesis
one):

e A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report atypelO report consisting of one CRI.
=  Inthe subframe where wideband CQI is reported:

o If the UE is configured without PMI reporting (only for transmission mode 9
or 10):

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

0 A UE shal report atype 4 report on each respective successive
reporting opportunity consisting of

= A single wideband CQI vaue which is calculated assuming
the use of asingle precoding matrix in al subbands and
transmission on set S subbands.

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

o If the UE isconfigured with CRI reporting,

= [f aUEisconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
subband selection, selected precoding matrix and CQI for the
CSl process are calculated conditioned on the reported
periodic RI for the configured "RI-reference CSI process' in
the most recent RI reporting instance for the CSI process and
the last reported periodic CRI for the CSI process; otherwise
the subband selection, selected precoding matrix and CQI are
calculated conditioned on the last reported periodic Rl and
the last reported periodic CRI.

o otherwise

= [f aUEisconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSI process” is reported in the
most recent RI reporting instance for the CSI process, the
subband sel ection, selected precoding matrix and CQI for the
CSl process are calculated conditioned on the reported
periodic RI for the configured "RI-reference CSl process' in
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the most recent RI reporting instance for the CSl process;
otherwise the subband selection, selected precoding matrix
and CQI are calculated conditioned on the last reported
periodic RI.

e otherwise,

(o]

The UE shall report atype 4 report on each respective successive
reporting opportunity consisting of one wideband CQI value 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 CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calculated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

= |n the subframe where CQI for the selected subbands is reported:

e |f the UE is configured without PMI reporting (only for transmission mode 9

or 10):

(o]

(o]

(o]

The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where Jis given in Table
7.2.2-2.

A single precoding matrix is selected from the codebook subset
assuming transmission on on the selected subband within the
applicable bandwidth part.

The UE shall report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI valuefor codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatial differential
CQI vaue for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

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

If the UE is configured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
selected precoding matrix and CQI for the CSl process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process' in the most recent RI
reporting instance for the CSI process and the last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic Rl and the last reported periodic CRI.

otherwise,
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= |f aUEisconfigured in transmission mode 10 with a"RI-
reference CSl process' for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the "RI-reference CSI process” is reported in the
most recent RI reporting instance for the CSI process, the
selected precoding matrix and CQI for the CSI process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process' in the most recent RI
reporting instance for the CS| process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

o otherwise,

Mode 2-1 description:

The UE shall select the preferred subband within the set of N j

subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

The UE shall report atype 1 report consisting of one CQI value
reflecting transmission only over the selected subband of a bandwidth
part determined in the previous step along with the corresponding
preferred subband L-bit label. A type 1 report for each bandwidth part
will in turn be reported in respective successive reporting
opportunities. The CQI represents channel quality for the first
codeword, even when RI>1.

For transmission mode 3 the preferred subband selection and CQI
values are calculated conditioned on the last reported periodic RI. For
other transmission modes they are calculated conditioned on
transmission rank 1. If the UE is configured with CRI reporting, the
preferred subband selection and CQI values are cal cul ated
conditioned on the last reported periodic CRI.

In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, and for
transmission modes 9 and 10 with higher layer parameter eMIMO-Type configured,
eMIMO-Type set to 'CLASS B', one CSI-RS resource configured, with higher layer
parameter alternativeCodebookEnabledCLASSB K1=TRUE:

e If aUEisconfigured with CRI reporting,

(0]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,

(0]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CS| process shall be the
same as the Rl in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

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

In the subframe where RI and PTI are reported, for transmission modes 9 and 10 with 8
CSI-RS ports configured and higher layer parameter eMIMO-Type not configured, or
for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports with
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alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CS|-
RS ports configured and UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and except
with higher layer parameter alternativeCodebookEnabledCLASSB_ K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A',or for transmission modes 8, 9 and
10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting then:

o If aUEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PT1) conditioned on the last reported
periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSl process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PTI).

e ThePTI for the CSI process shall be equal to 1 if the RI reported jointly with
the PTI is greater than 2 for transmission modes 8, 9, 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

e The UE shall report atype 6 report consisting of one Rl and the PTI.

= Inthe subframe where Rl and CRI are reported for transmission modes 9 and 10 with
parameter eMIMO-Type configured by higher layers, except with higher layer parameter
csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the number of
configured CSI-RS resources is more than one and Rl and CRI is reported for
transmission modes 9 and 10 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:

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

e If aUEisconfigured in transmission mode 10 with a'RI-reference CS|
process for a CS| process, the RI for the CS| process shall be the same asthe
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process' irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e |If each of the maximum number of portsin the configured CSI-RS resourcesis
2, or 4 except with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured,

0 The UE shall report atype 7 report consisting of one Rl and one CRI.
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e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PT1) conditioned on the reported CRI for
the CSl process.

o If the configured CSI-RS resource corresponding to the determined
CRI comprises 2 CSI-RS ports or 4 CSI-RS ports except with
alternativeCodeBookEnabledFor4T X-r12=TRUE configured, PTI is
fixed to zero.

0 ThePTI for the CSI process shall be equal to 1 if the RI reported
jointly with the PT1 is greater than 2 for transmission modes 9, 10
with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

0 The UE shal report atype 9 report consisting of one CRI, RI, and the
PTI.

=  Inthe subframe where wideband CQI/PMI isreported for all transmission modes except
with
e UE isconfigured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto 'CLASSA', or

e 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is 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:

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

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

= A wideband CQI value which is calculated assuming the use
of asingle precoding matrix in all subbands and transmission
on set Ssubbands.

=  The selected single PMI (wideband PMI).

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

e If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSI process are
calculated conditioned on the reported periodic RI for the configured
'Rl-reference CSl process in the most recent RI reporting instance for
the CSl process and the last reported periodic CRI for the CSI
process, otherwise the PMI and CQI values are calculated conditioned
on the last reported periodic RI and the last reported periodic CRI.

o otherwise,
o For transmission modes 4, 8, 9 and 10,

= If aUEisconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
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type 3 report for the CS| processis dropped, and atype 3
report for the 'RI-reference CSI process is reported in the
most recent RI reporting instance for the CSI process, the
PMI and CQI values for the CSI process are calculated
conditioned on the reported periodic RI for the configured
'Rl-reference CSI process in the most recent RI reporting
instance for the CSl process; otherwise the PMI and CQI
values are calculated conditioned on the last reported
periodic RI.

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

= Inthe subframe where the wideband first PMI isreported for transmission modes 9 and
10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B', and one CSI-RS resource configured, and
except with higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A, or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r 12=TRUE configured without CRI
reporting:
e A setof precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

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

o If the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CSl process, the wideband first PM1 value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CS| process and the last reported periodic CRI for the
CSl process; otherwise with the last reported PT1=0, the wideband
first PMI valueis calculated conditioned on the last reported periodic
RI and the last reported periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'Rl-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=0 is reported in the most recent RI reporting
instance for the CSl process, the wideband first PMI value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CSI process; otherwise with the last reported PT1=0,
the wideband first PMI valueis calculated conditioned on the last
reported periodic RI.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
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and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter 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, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A',or for transmission modes 8,9, and
10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting:
A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

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

o

A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.

The wideband second PMI corresponding to the selected single
precoding matrix.

When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

(0]

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 is reported in the most recent RI reporting
instance for the CS| process,

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

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

Otherwise, with the last reported PT1=1,

=  Thewideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CSI process,
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=  The wideband second PMI value for the CSl processis
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process,

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

0 Otherwise, with the last reported PTI=1,

=  The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI.

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

If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

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

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto 'CLASSA', or

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

alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is 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 alternativeCodebookEnabledCLASSB K1=TRUE configured:

0 The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

0 TheUE shal report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI valuefor codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatial differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

e Assuming the use of the most recently reported
single precoding matrix in all subbands and
transmission on the selected subband within the
applicable bandwidth part.

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

If the UE is configured with CRI reporting,
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o FIf aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 3 report for
the CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process, the subband selection and CQI values for the CSl
process are calculated conditioned on the last reported periodic
wideband PMI for the CSl process and the reported periodic RI for
the configured 'RI-reference CSl process in the most recent RI
reporting instance for the CSI process and the last reported periodic
CRI for the CSl process; otherwise the subband selection and CQI
values are calculated conditioned on the last reported periodic
wideband PMI, RI and CRI.

o otherwise,
o0 For transmission modes 4, 8, 9 and 10,

= |f aUEisconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the 'RI-reference CSI process is reported in the
most recent RI reporting instance for the CS| process, the
subband selection and CQI values for the CSI process are
calculated conditioned on the last reported periodic
wideband PMI for the CSl process and the reported periodic
RI for the configured 'RI-reference CSl process in the most
recent RI reporting instance for the CSl process; otherwise
the subband selection and CQI values are calculated
conditioned on the last reported periodic wideband PMI and
RI.

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

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter 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, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A',or for transmission modes 8, 9 and
10 with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting:

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

e TheUE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.

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

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshownin Table 7.2-2.
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If the UE is configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CS| process,

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

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSl
process and the last reported periodic CRI for the CS
process.

0 otherwise, with the last reported PT1=0,

otherwise,

The wideband second PMI value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
process and the last reported periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CSl process,

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

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process.

0 Otherwise, with the last reported PTI=0,

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

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.
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= Inthe subframe where subband CQI/second PMI for the selected subband is reported,
for transmission modes 9 and 10 with 8 CSI-RS ports configured and higher layer
parameter eMIMO-Type not configured, or for transmission modes 9 and 10 with 8 CSI-
RS ports or 4 CSI-RS ports with alternativeCodeBookEnabledFordTX-r12=TRUE in
the selected CSI-RS resource and UE is configured with CRI reporting, or for
transmission modes 9 and 10 with 8 CSI-RS ports configured and UE is configured with
higher layer parameter 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 for transmission
modes 9 and 10 with higher layer parameter eMIMO-Type configured, and eMIMO-
Type set to 'CLASS A',or for transmission modes 8, 9 and 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI reporting:

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

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

o CQI vauefor codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit label.

o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

=  Codeword 1 offset level = subband CQI index for codeword O
— subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

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

0 A second PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

e If the UEis configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PTI=1 is reported in the most recent RI reporting
instance for the CSI process,

= The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CSI
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
instance for the CS| process and the last reported periodic
CRI for the CSl process.

0 Otherwise, with the last reported PTI=1
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=  The subband second PMI values are calculated conditioned
on the last reported periodic Rl and the wideband first PMI
and the last reported periodic CRI.

=  The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic Rl and the last reported periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CSI process,

=  The subband second PMI values for the CSl process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process.

=  The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CS|
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
instance for the CSI process.

0 Otherwise, with the last reported PT1=1

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

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

o |f thelast reported first PMI was computed under an Rl assumption that differs

from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

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

System Bandwidth NSt | Subband Size k (RBs) | Bandwidth Parts (J)
6—7 NA NA
8-10 4 1
11-26 4 2
27 — 63 6 3
64 - 110 8 4

For aBL/CE UE, the periodic CSl reporting modes are described as following:

- Wideband feedback
0 Mode 1-0 description:
=  |nthe subframe where CQI is reported:
e A UE shdl report atype 4 report consisting of one wideband CQI value whichis

calculated assuming transmission on all narrowband(s) in the CS| reference
resource. The wideband CQI is calculated conditioned on transmission rank 1.
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0 Mode 1-1 description:

= |nthe subframe where CQI/PMI is reported:

e A single precoding matrix is selected from the codebook subset assuming
transmission on all narrowband(s) in the CSI reference resource. The PMI is
calculated conditioned on transmission rank 1.

e A UE shal report atype 2 report consisting of

0 A singlewideband CQI value which is calculated assuming the use of a
single precoding matrix in al narrowband(s) in the CSI reference resource
and transmission on al narrowband(s) in the CSl reference resource. The
wideband CQI is calculated conditioned on transmission rank 1.

0 The selected single PMI (wideband PMI).

If parameter ttiBundling provided by higher layersis set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmissionin
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL -
SCH subframe bundling is configured.

If the UE is configured with higher layer paramter pusch-EnhancementsConfig, and if a PUSCH transmission spans
more than one subframe as indicated by the repetition number field in DCI 0C, the UE shall drop the periodic CSI
report of a given PUCCH reporting type in that subframe and shall not multiplex the periodic CSl report payload in the
PUSCH transmission in that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH
transmission when pusch-EnhancementsConfig is configured.

ETSI



3GPP TS 36.213 version 14.16.0 Release 14 167 ETSI TS 136 213 V14.16.0 (2020-11)

Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State
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PUCCH Reporting Modes
PUICEEH Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
Reporting Reported Mode State ] R _ . ] X _ N
Type (bits/BP (bits/BP (bits/BP (bits/BP
) ) ) )
1 Sub-band RI=1 NA AL NA j:ll:l
CQl RI>1 NA 7+L NA 7412
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig={2,3,4}, RI NA 8+L NA NA
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig={2,3,4}, 1 NA 9+L NA NA
<RI<5
8 antenna ports or 8/12/16/20/24/28/32
. s +
Sub-band COQI antenna ports with codebookConfig={1,2,3,4} NA 7+L NA NA
la / d PMI Ri>4
secon 8/12/16/20/24/28/32 antenna ports with NA 64L NA NA
codebookConfig=1, Rl =1
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, Rl =2 NA 9+l NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, 2<RI<5 NA 8+L NA NA
4 antenna ports RI=1 NA 8+L NA NA
4 antenna ports 1<RI<4 NA 9+L NA NA
2 antenna ports Rl = 1 6 6 NA NA
4 antenna ports RI = 1, Note® 8 8 NA NA
2 antenna ports Rl > 1 8 8 NA NA
4 antenna ports Rl > 1, Note® 11 11 NA NA
4 antenna ports RI = 1, Note® 7 7 NA NA
2 Wideband 4 antenna ports Rl = 2, Note® 10 10 NA NA
CQIl/PMI 4 antenna ports RI = 3, Note® 9 9 NA NA
4 antenna ports RI = 4, Note® 8 8 NA NA
8 antenna ports Rl = 1 8 8 NA NA
8 antenna ports 1<RI<4 11 11 NA NA
8 antenna ports Rl = 4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
8 antenna ports Rl <3 NA 4 NA NA
8 antenna ports 2 <RI < 8 NA 2 NA NA
8 antenna ports RI =8 NA 0 NA NA
4 antenna ports 1<RI<2 NA 4 NA NA
4 antenna ports 2<RI<4 NA NA NA NA
8/12/16/20/24/28/32 antenna ports with 3 3
codebookConfig=1, 1<RI<8 Note Note NA NA
8/12/16/20/24/28/32 antenna ports with 4 4
codebookConfig={2,3,4} Note Note NA NA
4 antenna ports with
advancedCodebookEnabled =True, 1<RI<2 8 NA NA NA
4 antenna ports with
deband advancedCodebookEnabled =True, 3<RI<4 0 NA NA NA
Wideban 8 ant ts with
2a I antenna ports wi
first PMI advancedCodebookEnabled =True, 1<RI<2 6 NA NA NA
8 antenna ports with
advancedCodebookEnabled =True, 3<RI<7 2 NA NA NA
8 antenna ports with
advancedCodebookEnabled =True, RI=8 0 NA NA NA
8/12/16/20/24/28/32 antenna ports with
advancedCodebookEnabled =True and Note” NA NA NA
eMIMO-Type is set to 'CLASS A', 1<RI<8
8/12/16/20/24/28/32 antenna ports, eMIMO-
Type and eMIMO-Type2 configured by higher
layers, eMIMO-Type is set to 'CLASS A, 3 3 3 3
eMIMO-Type2 is set to 'CLASS B', and Note Note Note Note
maximum 1 or 2 layers are supported by the
UE
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig = {2,3,4}, 8 8 NA NA
RI=1
. 8 antenna ports or 8/12/16/20/24/28/32
2b Wideband CQI antenna ports with codebookConfig = {2,3,4}, 1 11 11 NA NA
/ second PMI <Rl <4
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig = {2,3,4}, 10 10 NA NA
RI =4
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8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig = {1,2,3,4}, 7 7 NA NA
RI>4
4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, Rl =1 6 6 NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, Rl =2 9 9 NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, 2<RI<5 8 8 NA NA
4/8 antenna ports with
advancedCodebookEnabled =True or
8/12/16/20/24/28/32 antenna ports with 10 NA NA NA
advancedCodebookEnabled =True and
eMIMO-Type is setto 'CLASS A, RI=1
4/8 antenna ports with
advancedCodebookEnabled =True or
8/12/16/20/24/28/32 antenna ports with 11 NA NA NA
advancedCodebookEnabled =True and
eMIMO-Type is setto 'CLASS A, RI = 2
8 antenna ports Rl = 1 8 NA NA NA
. 8 antenna ports 1 <RI <4 11 NA NA NA
Wideband CQI 8 antenna ports 4 < RI< 7 9 NA NA NA
2c [ first PMI
/ second PMI 8 antenna ports RI = 8 7 NA NA NA
4 antenna ports RI=1 8 NA NA NA
4 antenna port 1<RI<4 11 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
. . - NA! NA?
8 antenna ports, 2-layer spatial multiplexing 1 NA 12 12
4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
. . . NA! NA?
8 antenna ports, 4-layer spatial multiplexing 2 NA 22 22
1 1
3 RI 8-layer spatial multiplexing 3 NA ngz‘ N??
12/16/20/24/28{32 ant(_enna_ ports, 2-layer 1 NA NA NA
spatial multiplexing
12/16/20/24/28(32 ant(_enna_ ports, 4-layer 5 NA NA NA
spatial multiplexing
12/16/20/24/28{32 antenna ports, 8-layer 3 NA NA NA
spatial multiplexing
Rl =1 or RI>1, without PMI/RI reporting NA NA 4 4
4 Wideband CQI RI = 1 without PMI reporting NA NA 4 4
RI>1 without PMI reporting NA NA 7 7
8 antenna ports, 2-layer spatial multiplexing 4
8 antenna ports, 4 and 8-layer spatial 5
multiplexing NA NA NA
4 antenna ports, 2-layer spatial multiplexing 4
4 antenna ports, 4-layer spatial multiplexing 5
5 RI/ first PMI 8/12/16/20/24/28/32 antenna ports, eMIMO-
Type and eMIMO-Type2 configured by higher
layers, eMIMO-Type is set to 'CLASS A',
e)I/VIIMO-TypeZ isy Zet to 'CLASS B', and Note® Note? Note® Note?
maximum 4 or 8 layers are supported by the
UE
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
4 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
4 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
6 RI/PTI 12/16/20/24/28/32 antenna ports, 2-layer NA 2 NA NA
spatial multiplexing
12/16/20/24/28/32 antenna ports, 4-layer NA 3 NA NA
spatial multiplexing
12/16/20/24/28/32 antenna ports, 8-layer NA 4 NA NA
spatial multiplexing
2-layer spatial multiplexing k+1 k+1 k+1 k+1
7 CRI/RI 4-layer spatial multiplexing k+2 k+2 k+2 k+2
8-layer spatial multiplexing k+3 k+3 k+3 k+3
. 2-layer spatial multiplexing k+4 NA NA NA
8 CRI/RIffirst PMI 4 and 8-layer spatial multiplexing k+5 NA NA NA
2-layer spatial multiplexing NA k+2 NA NA
9 CRI/RI/PTI 4-layer spatial multiplexing NA k+3 NA NA
8-layer spatial multiplexing NA k+4 NA NA
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10 CRI Without PMI/RI reporting NA NA k k
2-layer spatial multiplexing 3 NA NA NA

11 RI/RPI 4-layer spatial multiplexing 4 NA NA NA
8-layer spatial multiplexing 5 NA NA NA

NOTE ":  For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
NOTE 1: Without PMI/RI reporting

NOTE 2: Without PMI reporting and without csi-RS-NZP-mode, k = |_Iogz(K)-| where K is the number of configured

CSI-RS resources or without PMI reporting and with higher layer parameter csi-RS-NZP-mode set to 'multiShot' and
activatedResources>1, kzﬂogz(N)-| where N is the number of activated CSI-RS resources.

NOTE 3: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-1 of [4]
with PTI=0

NOTE 4: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-2 of [4]
with PTI=0

NOTE 5: Not configured with parameter eMIMO-Type by higher-layers

NOTE 6: Configured with parameter eMIMO-Type by higher-layers

Note 7:  Sum of Wideband first PMI i1,1 bit width, Wideband first PMI i1,2 bit width, Wideband first PMI i1,3 bit width in
Table 5.2.3.3.1-4C of [4]

NOTE 8: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.1-4D of [4] with
Max 1 or 2 layers.

NOTE 9: Sum of Wideband first PMI i1,1 bit width, Wideband first PMI i1,2 bit width and RI bit width in Table 5.2.3.3.1-
4D of [4] with Max 4 or 8 layers.
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7.2.3 Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1 for reporting CQI based on QPSK, 16QAM and
64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for reporting CQI based on QPSK,
16QAM, 64QAM and 256QAM. The CQI indices and their interpretations are given in Table 7.2.3-3 for reporting CQI
based on QPSK and 16QAM.

For anon-BL/CE UE, based on an unrestricted observation interval in time unless specified otherwise in this Subclause,
and an unrestricted observation interval in frequency, the UE shall derive for each CQI value reported in uplink
subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 or Table 7.2.3-2 which satisfies the following
condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with atransport block error probability not exceeding 0.1.

For a BL/CE UE, based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI
value the highest CQI index between 1 and 10 in Table 7.2.3-3 which satisfies the following condition, or CQI index 0
if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability not exceeding 0.1.

If CSl subframe sets Cqg o and Ccg; areconfigured by higher layers, each CSl reference resource belongs to either
Ccsip OF Ccg g butnotto both. When CSI subframe sets Cqg o and Ccg; areconfigured by higher layersa UE

is not expected to receive atrigger for which the CSl reference resource is in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

If the UE is configured with parameter eMIMO-Type2 by higher layersfor a CSl process, for computing the CQI value
for eMIMO-Type2 of the CSl process, the parameter eMIMO-Type in the rest of this Subclause refers to the parameter
eMIMO-Type2 for the CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers and parameter eMIMO-
Typeis not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value
reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals (CSI-RS) defined in
[3] for which the UE is configured to assume non-zero power for the CSI-RS. For anon-BL/CE UE in transmission
mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall
derive the channel measurements for computing CQI based on CRS. For a BL/CE UE the UE shall derive the channel
measurements for computing CQI based on CRS.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the channel measurements for computing the CQI value reported in uplink subframe n and corresponding to a
CSl process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated
with the CSI process.

For a UE in transmission mode 9 and the UE configured with parameter eMIMO-Type by higher layers, the term 'CSl
process in this clause refersto the CSI configured for the UE.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Typeis set to 'CLASS A', and one CSI-RS resource configured, or the UE is configured with
parameter eMIMO-Type by higher layers, and eMIMO-Type is set to 'CLASS B', and parameter channel MeasRestriction
is not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value reported
in uplink subframe n and corresponding to the CSI process, based on only the non-zero power CSI-RS (defined in [3])
within a configured CSI-RS resource associated with the CSI process. If the UE is configured with parameter eMIMO-
Type by higher layers, except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to
'CLASS B' and the number of configured CSI-RS resourcesis K>1, and parameter channelMeasRestriction is not
configured by higher layers, the UE shall derive the channel measurements for computing the CQI value using only the
configured CSI-RS resource indicated by the CRI. If the UE is configured with higher layer parameter eMIMO-Type set
to 'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multi Shot', and the number of activated CSI-RS
resources is more than one, and parameter channelMeasRestriction is not configured by higher layers, the UE shall
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derive the channel measurements for computing the CQI value using only the activated CSI-RS resource indicated by
CRI.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Type is set to 'CLASS B', and parameter channelMeasRestriction is configured by higher
layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and
corresponding to the CSl process, based on only the most recent, no later than the CSl reference resource, non-zero
power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. If the UE is
configured with parameter eMIMO-Type by higher layers, except with higher layer parameter csi-RS-NZP-mode
configured, and eMIMO-Typeis set to 'CLASS B' and the number of configured CSI-RS resourcesis K>1, and
parameter channelMeasRestriction is configured by higher layers, the UE shall derive the channel measurements for
computing the CQI value using only the most recent, no later than the CSI reference resource, non-zero power CSI-RS
within the configured CSI-RS resource indicated by the CRI. If the UE is configured with higher layer parameter
eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multi Shot', and the number of
activated CSI-RS resources is more than one, and parameter channelMeasRestriction is configured by higher layers, the
UE shall derive the channel measurements for computing the CQI value using only the most recent, no later than the
CSl reference resource, non-zero power CSI-RS within the activated CSI-RS resource indicated by the CRI.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to
a CSl process, based on only the configured CSI-IM resource associated with the CS| process.

For a UE in transmission mode 10 and for a CSl process, when parameters eMIMO-Type and
interferenceMeasRestriction is configured by higher layers, the UE shall derive the interference measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the most
recent, no later than the CSI reference resource, configured CSI-IM resource associated with the CSI process. If the UE
is configured with parameter eMIMO-Type by higher layers, 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 resourcesis K>1, and
interferenceMeasRestriction is configured, the UE shall derive interference measurement for computing the CQI value
based on only the most recent, no later than the CSl reference resource, the configured CSI-IM resource associated with
the CSI-RS resource indicated by the CRI. If 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
resourcesis K>1, and interferenceMeasRestriction is configured, the UE shall derive interference measurement for
computing the CQI value based on only the most recent, no later than the CSI reference resource, the configured CSl-
IM resource associated with the activated CSI-RS resource indicated by the CRI. If interferenceMeasRestriction is not
configured, the UE shall derive the interference measurement for computing the CQI value based on the CSI-IM
associated with the CSI-RS resource indicated by the CRI.

If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets Ccg 9 and Ccg;, for the CSI

process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to
derive the interference measurement.

For a UE configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, configured CSI-IM
resource(s) within only downlink subframe(s) of aradio frame that are indicated by UL/DL configuration of the serving
cell can be used to derive the interference measurement for the serving cell.

For aLAA Scell,
- for channel measurements, if the UE averages CRS/CSI-RS measurements from multiple subframes

- the UE should not average CSI-RS measurement in subframe n1 with CSI-RS measurement in a later
subframe n2, if any OFDM symbol of subframe nl or any subframe from subframe n1+1 to subframe n2, is
not occupied.

- the UE should not average CRS measurement in subframe nl with CRS measurement in alater subframe n2,
if any OFDM symbol of the second slot of subframe nl or any OFDM symbol of any subframe from
subframe n1+1 to subframe n2-1, or any of the first 3 OFDM symbolsin subframe n2, is not occupied.

- for interference measurements, the UE shall derive the interference measurements for computing the CQI value
based on only measurements in subframes with occupied OFDM symbols.

A combination of modulation scheme and transport block size corresponds to a CQI index if:
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the combination could be signalled for transmission on the PDSCH in the CSl reference resource according to
the relevant Transport Block Size table, and

the modulation scheme is indicated by the CQI index, and

the combination of transport block size and modul ation scheme when applied to the reference resource resultsin
the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesisrelevant.

The CSl reference resource for a serving cell is defined as follows:

For anon-BL/CE UE, in the frequency domain, the CS| reference resource is defined by the group of downlink
physical resource blocks corresponding to the band to which the derived CQI value relates. For aBL/CE UE, in
the frequency domain, the CSl reference resource includes all downlink physical resource blocks for any of the
narrowband to which the derived CQI value relates.

In the time domain and for a non-BL/CE UE,

for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-ncq_ref,

where for periodic CSI reporting Ncai_ref 1S the smallest value greater than or equal to 4, such that it
corresponds to a valid downlink or valid special subframe,

where for aperiodic CSl reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

- wherefor LAA serving cell,

- if aperiodic CSI reporting is triggered by DCI format 0A/OB/4A/4B with 'PUSCH trigger A' set to
11

- Nco_ref 1S the smallest value greater than or equal to 4, such that subframe n-ncqi e cOrresponds
to avalid downlink subframe no later than the subframe in which DCI format 0A/0OB/4A/4B
with 'PUSCH trigger A’ set to 1 isreceived.

- if aperiodic CSl reporting istriggered by DCI format 0A/0B/4A/4B with 'PUSCH trigger A’ set to
0!

- Ncol_ret iSthe smallest value greater than or equal to 4, such that subframe n-ncqi_ret cOrresponds
to avalid downlink subframe.

- otherwise,

- Ncol_ref ISthe smallest value greater than or equal to 4, such that subframe n-ncq_rer COrresponds
to avalid downlink subframe.

- wherefor FDD serving cell or TDD serving cell,

- Ncol_ref 1S SUCh that the reference resource is in the same valid downlink or valid special subframe
as the corresponding CSl request in an uplink DCI format.

- nNca_ret isequal to 4 and subframe n-ncqi rer cOrresponds to avalid downlink or valid special
subframe, where subframe n-ncqi ref iS received after the subframe with the corresponding CS
request in a Random Access Response Grant.

where for aperiodic CSI reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-ri2,

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

- Ncol_ref 1S the smallest value greater than or equal to 4 and subframe n-ncqi_rer COrresponds to a
valid downlink or valid special subframe, where subframe n-ncq ref iS received on or after the
subframe with the corresponding CSI request in an uplink DCI format;
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- Nco_ref iSthe smallest value greater than or equal to 4, and subframe n-ncqi et COrrespondsto a
valid downlink or valid specia subframe, where subframe n-ncqi rer is received after the subframe
with the corresponding CSI request in an Random Access Response Grant;

- if thereisno valid value for ncqi et based on the above conditions, then ncqi rer IS the smallest
value such that the reference resource isin avalid downlink or valid special subframe n-ncgi rer
prior to the subframe with the corresponding CSI request, where subframe n-ncoi ref IS the lowest
indexed valid downlink or valid special subframe within aradio frame;

- for the UE configured in transmission mode 10,

- Ncol_ref IS the smallest value greater than or equal to 4, such that it corresponds to a valid downlink
or valid special subframe, and the corresponding CSI request isin an uplink DCI format;

- Nco_ref iSthe smallest value greater than or equal to 4, and subframe n-ncqi et COrrespondsto a
valid downlink or valid specia subframe, where subframe n-ncqi rer is received after the subframe
with the corresponding CSI reguest in a Random Access Response Grant;

- for aUE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSl reference resource for agiven CSl processis defined by a single downlink or special subframe n-ncg rer,

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

where for FDD serving cell and aperiodic CSI reporting ncai ref is equal to 5 and subframe n-ncq_ref
corresponds to avalid downlink or valid special subframe, where subframe n-ncqi_ref iS received after the
subframe with the corresponding CSI request in a Random A ccess Response Grant.

where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CS|
reporting, Ncai_ref iS the smallest value greater than or equal to 4, such that it correspondsto avalid
downlink or valid specia subframe, and for aperiodic CSI reporting the corresponding CSI request isin
an uplink DCI format;

where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CS| reporting, Ncoi_ref iS
equal to 4 and subframe n-nco_rer correspondsto avalid downlink or valid special subframe, where
subframe n-ncoi _rer IS received after the subframe with the corresponding CSI request in a Random Access
Response Grant;

where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSl reporting,
Ncal ref 1S the smallest value greater than or equal to 5, such that it corresponds to a valid downlink or
valid special subframe, and for aperiodic CSI reporting the corresponding CSl reguest isin an uplink DCI
format;

where for TDD serving cell, and 4 configured CSl processes, and aperiodic CSl reporting, Ncai_ref IS equal
to 5 and subframe n-ncq_rer COrresponds to a valid downlink or valid special subframe, where subframe n-
Nca_ref 1S received after the subframe with the corresponding CSI request in a Random Access Response
Grant.

where for LAA serving cell and periodic CSI reporting, Ncqi_ref IS the smallest value greater than or equal
to 5, such that it corresponds to a valid downlink subframe.

where for LAA serving cell and aperiodic CSl reporting, and
- if aperiodic CSl reporting istriggered by DCI format 0A/OB/4A/4B with 'PUSCH trigger A’ setto 1,

- Nco_re iSthe smallest value greater than or equal to 5, such that subframe n-ncg_ref COrresponds to
avalid downlink subframe no later than the subframe in which DCI format 0A/0B/4A/4B with
'PUSCH trigger A' set to 1 isreceived.

- if aperiodic CSl reporting is triggered by DCI format 0A/OB/4A/4B with 'PUSCH trigger A" set to O,

- Ncol_ref 1S the smallest value greater than or equal to 5, such that subframe n-ncg rer COrresponds to
avalid downlink subframe.

- otherwise,
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- Ncal_rer iSthe smallest value greater than or equal to 5, such that subframe n-ncqi_rer COrresponds to
avalid downlink subframe.

- Inthetime domain and for a BL/CE UE, the CSI reference resource is defined by a set of BL/CE downlink or
special subframes where the last subframe is subframe n-ncqi rer,

where for periodic CSl reporting ncoi_ref iS> 4;

where for aperiodic CSI reporting Ncqi ref iS> 4;

where each subframe in the CSl reference resource isavalid downlink or valid special subframe;

where for wideband CS| reports:

- The set of BL/CE downlink or special subframesis the set of the last CEl (RC& / N,(\:,%%p) subframes
before n-ncq_re Used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where
the BL/CE UE monitors MPDCCH, where N,f,%?]tp is the number of narrowbands where the BL/CE
UE monitors MPDCCH.

where for subband CS| reports:

- Theset of BL/CE downlink or specia subframesisthe set of the last R subframes used for
MPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-ncgi ref;

where RCSIis given by the higher layer parameter csi-NumRepetitionCE.

A subframe in a serving cell shall be considered to be avalid downlink or avalid specia subframeiif:

it is configured as a downlink subframe or a special subframe for that UE, and

in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary
cell isadownlink subframe or a special subframe with the length of DwPTS more than 7680- T, and

except for anon-BL/CE UE in transmission mode 9 or 10, it is not an MBSFN subframe, and

it does not contain a DwWPTSfield in case the length of DWPTSis 7680-T, and less, and

it isnot a specia subframe with special subframe configuration 10 configured by ssp10-CRS-LessDWPTS,
and

it does not fall within a configured measurement gap for that UE, and

for periodic CSl reporting, it isan element of the CS| subframe set linked to the periodic CSI report when
that UE is configured with CS| subframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CS|
reporting for a CSl process, it is an element of the CSI subframe set linked to the downlink or special
subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with
CSl subframe sets for the CSI process and UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

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

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

except if the serving cell isaLAA Scell, and at least one OFDM symbol in the subframe is not occupied.
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- except if the serving cell isaLAA Scell, and n; * N, as described in sub clause 6.10.1.1in [3].

- except if the serving cell isaLAA Scell, and for a UE configured in transmission mode 9 or 10, the
configured CSI-RS resource associated with the CS| process is hot in the subframe.

For anon-BL/CE UE, if thereis no valid downlink or no valid specia subframe for the CSI reference resourcein
aserving cell, CSl reporting is omitted for the serving cell in uplink subframe n.

- Inthelayer domain, the CSl reference resource is defined by any RI and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI:

- Thefirst 3 OFDM symbols are occupied by control signalling

- No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH
- CPlength of the non-MBSFN subframes

- Redundancy Version 0

- If CSI-RSis used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE isasgivenin
Subclause 7.2.5

- For transmission mode 9 CSl reporting of a non-BL/CE UE:

- CRSREsareasin non-MBSFN subframes;

- If the UE isconfigured for PMI/RI reporting or without PMI reporting, the UE-specific reference signal
overhead is consistent with the most recent reported rank if more than one CSI-RS port is configured, and is
consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna

ports {7... 6+ v} for Uayerswould result in signals equivalent to corresponding symbols transmitted on
antennaports {15...14 + P}, asgiven by,

if the UE is configured with higher layer parameter semi OpenLoop,

y*(2i)
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where X(i)= [X(O) i .. x? (i)Ir isavector of symbols from the layer mapping in subclause 6.3.3.2 of
[3], Pe{2,4,8,12,16,20,24,28,32} isthe number of CSI-RS ports configured, and if UE reportsa PMI,

, 1|w O ,
W(i)= ﬁ[ 0 } where W=V associated with PM| codebook Table 7.2.4-0A and Table 7.2.4-0B

W

for 4 antenna ports when alter nativeCodeBookEnabledFor4TX-r12=TRUE is configured, W=V,
associated with PMI codebook Table 7.2.4-1 and Table 7.2.4-2 for 8 antenna ports when higher layer
parameter eMIMO-Type is not configured, W=V, ., associated with PMI codebook Table 7.2.4-10 and
Table 7.2.4-11 for 8/12/16/20/24/28/32 antenna ports when higher layer parameter eMIMO-Typeis
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configured, and where W isthe column vector associated with the reported first PMI i1 and the second PMI
i configured according to codebook subset restriction, and otherwise W(i) isthe selected precoding matrix
corresponding to the reported CQI applicableto X(i) . The corresponding PDSCH signals transmitted on
antenna ports {15...14+ P} would have aratio of EPRE to CSI-RS EPRE equal to theratio givenin
subclause 7.2.5,

otherwise,
y® (i) x (i)
) W@
y(l4+P) (|) X(vfl) (|)
where x(i) = [x(o) (i) .. x?P (i)]r isavector of symbols from the layer mapping in Subclause 6.3.3.2 of

[3], Pe{1,2,4,81216,20,24,28,32} isthe number of CSI-RS ports configured, and if only one CSI-RS port
is configured, W (i) is 1, otherwise for UE configured for PMI/RI reporting W(i) is the precoding matrix
corresponding to the reported PMI applicableto X(i) and for UE configured without PMI reporting W(i)
is the selected precoding matrix corresponding to the reported CQI applicableto X(i) . The corresponding

PDSCH signals transmitted on antenna ports {15...14+ P} would have aratio of EPRE to CSI-RS EPRE
equal to theratio given in Subclause 7.2.5.

For transmission mode 10 CSl reporting, if a CSl process is configured without PMI/RI reporting:

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port { 7} isinferred from the channel on antenna port { 15} of
the associated CSI-RS resource.

- CRSREsareasin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,

- If the number of antenna ports of the associated CSI-RS resourceis 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in Subclause 7.1.2 on antenna ports { 0,1} except that the
channels on antenna ports{ 0,1} are inferred from the channels on antenna port { 15, 16} of the associated
CSl resource respectively.

- If the number of antenna ports of the associated CSI-RS resourceis 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in Subclause 7.1.2 on antenna ports {0,1,2,3} except that
the channels on antenna ports { 0,1,2,3} are inferred from the channels on antenna ports { 15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- The UE isnot expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

For transmission mode 10 CSI reporting, if a CSI process is configured with PMI/RI reporting or without PMI
reporting:

CRS REs are asin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSl
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one
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CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v} for v layerswould result in
signals equivalent to corresponding symbols transmitted on antenna ports {15...14+ P}, asgiven by,

if the UE is configured with higher layer parameter semiOpenLoop,

y*(2i)
: 10 j O Re(x“’)(i))
y(mp)(Zi) _[W(i) y }0 Lo Re(x(l)(i)) for v=1
y@@i+ | | 0 W@EJjo 1 0 jfimx°a))
: 1 0 —-j O Im(x(l)(i))
Ly (20 +1) |

[y () 1 11 xOg) -
=—W(i , _ aiz(imod2)/2 f _5
y(l4+P) (|) \/E (I )|:¢| - ¢I :||: X(l) (| ):| Q e or v

where x(i) = [x(o) 0] x@ (i)]T isavector of symbols from the layer mapping in subclause 6.3.3.2 of
(3], Pe{2,4,812,16,20,24,28,32} isthe number of CSI-RS ports configured, and if UE reportsa PMI,

w 0 .
W(i)= L where W=V_ associated with PM| codebook Table 7.2.4-0A and Table 7.2.4-0B
m
JP|0O w

for 4 antenna ports when alter nativeCodeBookEnabledFor4TX-r12=TRUE is configured, W=V,
associated with PMI codebook Table 7.2.4-1 and Table 7.2.4-2 for 8 antenna ports when higher layer
parameter eMIMO-Typeis not configured, W=V, ., associated with PMI codebook Table 7.2.4-10 and

Table 7.2.4-11 for 8/12/16/20/24/28/32 antenna ports when higher layer parameter eMIMO-Typeis
configured, and where W isthe column vector associated with the reported first PMI i1 and the second PMI

i» configured according to codebook subset restriction, and otherwise W(i) isthe selected precoding matrix
corresponding to the reported CQI applicableto X(i) . The corresponding PDSCH signals transmitted on

antenna ports {15...14+ P} would have aratio of EPRE to CSI-RS EPRE equal to theratio givenin
subclause 7.2.5,

otherwise,
a0 X ()
y(l4+P) (|) X(vfl) (|)

where x(i) = [x(o) (i) xvD (i)]r isavector of symbols from the layer mapping in Subclause 6.3.3.2 of
[3], Pe{1,2,4,81216,20,24,28,32} isthe number of antenna ports of the associated CSI-RS resource, and if

P=1,W(i)is 1, otherwise for UE configured for PMI/RI reporting W (i) is the precoding matrix
corresponding to the reported PMI applicableto X(i) and for UE configured without PMI reporting W(i)
is the selected precoding matrix corresponding to the reported CQI applicableto X(i) . The corresponding

PDSCH signals transmitted on antenna ports {15...14+ P} would have aratio of EPRE to CSI-RS EPRE
equal to theratio given in Subclause 7.2.5

- Assume no REs alocated for CSI-RS and zero-power CSI-RS
- Assume no REs alocated for PRS
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- The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).

- If CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RSEPRE isasgivenin
Subclause 5.2 with the exception of p 5 which shall be assumed to be

- pa =P, + A +10109,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated RI is equal to one;

- Ppa = Pa + At [dB] for any modulation scheme and any number of layers, otherwise.

The shift A st IS given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer
signalling.

Table 7.2.3-0: PDSCH transmission scheme assumed for CSl reference resource

Transmission
mode
1 Single-antenna port, port 0
Transmit diversity
Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD
Closed-loop spatial multiplexing
Multi-user MIMO
Closed-loop spatial multiplexing with a single transmission layer
If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit
diversity
If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

Transmission scheme of PDSCH

~N ool |wN

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing
For a non-BL/CE UE, if the UE is configured without PMI/RI reporting: if the number of PBCH
antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

For a non-BL/CE UE, if the UE is configured with PMI/RI reporting or without PMI reporting: if the
number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission,
ports 7-14 (see Subclause 7.1.5B)

For a BL/CE UE, if the UE is not configured with periodic CSI reporting mode 1-1: if the number of
PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

For a BL/CE UE, if the UE is configured with periodic CSI reporting mode 1-1: if the number of
PBCH antenna ports is one, single-antenna port, port 0; otherwise closed-loop spatial multiplexing
with a single transmission layer

If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is
one, single-antenna port, port7; otherwise transmit diversity

10 If a CSlI process of the UE is configured with PMI/RI reporting or without PMI reporting: if the number

of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14
(see Subclause 7.1.5B)
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Table 7.2.3-1: 4-bit CQI Table

CQlindex | modulation | code rate x 1024 | efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 640QAM 772 4.5234
14 64QAM 873 5.1152
15 640QAM 948 5.5547
Table 7.2.3-2: 4-bit CQI Table 2
CQlindex | modulation | code rate x 1024 | efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 64QAM 567 3.3223
9 64QAM 666 3.9023
10 64QAM 772 4.5234
11 640QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063
Table 7.2.3-3: 4-bit CQI Table 3
CQlindex | modulation | code rate x 1024 | efficiency
% RCS| o RCS|
0 out of range
1 QPSK 40 0.0781
2 QPSK 78 0.1523
3 QPSK 120 0.2344
4 QPSK 193 0.3770
5 QPSK 308 0.6016
6 QPSK 449 0.8770
7 QPSK 602 1.1758
8 16QAM 378 1.4766
9 16QAM 490 1.9141
10 16QAM 616 2.4063
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 Reserved Reserved Reserved
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
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7.2.4 Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UEs reporting precoding matrix indicator (PM1). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the non-BL/CE UE shall report PMI if configured
with PMI/RI reporting and the number of CSI-RS portsislarger than 1. For transmission modes 9, the BL/CE UE shall
report PMI based on CRS. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2. For other
transmission modes, PMI reporting is not supported.

For 2 antenna ports, except with,

- UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B', and one CSI-
RS resource configured, and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE, or

- 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,

each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 of [3] asfollows:

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

- For 2 antennaports {0,1} or {15,16} and an associated Rl value of 2, aPMI valueof ne {0,1} correspondsto
the codebook index N+ lgivenin Table6.3.4.2.3-1 of [3] with v = 2.

- For 2 antenna ports{ 15,16} , UE shall only use the precoding matrix corresponding to codebook index 0 in Table
6.3.4.2.3-1 of [3] with v =2 and shall not report aPMI value if the UE is configured with higher layer
parameter semiOpenLoop=TRUE.

For 4 antenna ports {0,,2,3} or{15,16,17,18}, except with,

- UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI -
RS resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE
configured, or

- 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, or

- UE configured with higher layer parameter advancedCodebookEnabled=TRUE, and » <2 with v equal to
the associated RI value,

each PMI value corresponds to a codebook index givenin Table 6.3.4.2.3-2 of [3] or apair of codebook indices given in
Table7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D asfollows:

- APMlvalueof ne{0]---,15} correspondsto the codebook index N given in Table 6.3.4.2.3-2 of [3] with v
egual to the associated RI value except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

- If higher layer parameter semi OpenLoop=TRUE configured except with alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, UE shall not report aPMI value and shall use the precoding matrix for REs of | PRB-
pair accordingto W(j) = C, , where k isthe precoder index givenby k = (j mod 4)+1¢ {,2,3,4} and
C,.,C,,C;,C, denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in
Table6.3.4.2.3-2 of [3] with v=2.

- If alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value corresponds to a pair of
codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, where the quantities ¢,, ¢', and
v inTable7.2.4-0A and Table 7.2.4-0B are given by
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0 = eim2
n
0 = i 2m/32
n

Vo=l el
A first PMI valueof i, € {0,1,---, f (v)—1} and asecond PMI valueof i, e {01+, g(v) -1}
correspond to the codebook indices i1 and i2 respectively givenin Table 7.2.4-0j with v equal to the
associated Rl value and where j ={A,B,C,D} respectively when v=1{1,234}, f(v)={161611} and
g(v)={16,16,16,16 }.

The quantity W{$ in Table 7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
given by theset {g} fromtheexpresson W, =1 —2u,u /uflu, where | isthe 4x4 identity matrix
and the vector u,, isgivenby Table6.3.4.2.3-2in[3] and n=i,.

In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators i; and i,. Joint

encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is defined in

Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-11 for
PUCCH Reporting Type la.

UE shall only usethevalue of i, according to the configured codebook subset restriction, where the UE
is expected to be configured with asingle value of i, in{0,1,2,...,15} for 1 layer andin {0,1,2...,7} for
2 layers, and shall not report i, if the UE is configured with higher layer parameter
semiOpenLoop=TRUE.

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

0 1 2 3 4 5 6 7
@ @ () () (2 @ @ @
0-15 \Nil,o Vvi1,8 Vvil,le Vvil,24 Vvi1+8,2 Vvi1+8,10 Vvi1+8,l8 Vvi1+8,26
iy ip
8 9 10 11 12 13 14 15
@ (€] (€Y} (€N} (€] (€Y} (h) (€]
0-15 \Ni1+16,4 Vvi1+16,12 Vvi1+16,20