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Foreword

This Technical Specification has been produced by ti&8neration Partnership Project (3GPP).

The contents of the present documentsafgiect to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it willebeased by the TSG with an
identifying change of release date and an increase in versiorenasfollows:

Version x.y.z
where:
x the first 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 is incremented for all changes of substaace&c¢hnical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present documespecifies and establishes the characteristics of the physicalptagedure®f datachanneldor
5G-NR.

2 References

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

[1] 3GPPTR 21.905:"Vocabulary for 3GPP Specificatiohs

[2] 3GPP TS 38.201' NR; Phystal Layeri General Descriptich

[3] 3GPP TS 38.202NR; Services provided by the physical ldyer

[4] 3GPP TS 38.21T'NR; Fhysical channels and modulation

[5] 3GPP TS 38.212NR; Multiplexing and channel codifig

[6] 3GPP TS 3213 "NR; Physial layer procedures for conttol

[7] 3GPP TS 38.215'NR; Physical layer measurentd'

[8] 3GPP TS 38.10I'NR; User Equipment (UE)dio transmission and reception

[9] 3GPP TS 38.104'NR; Base Station (BShadio transmission and reception

[10] 3GPP TS 38.32I'NR; Medium Access Corut (MAC) protocol specificatioh

[11] 3GPP TS 8.133:"NR; Requirements for suppgof radio resource management

[12] 3GPP TS 38.33I'NR; Radio Resource Contr@RRC); Protocol specificatidn

[13] 3GPP TS 38.36: "NR; User EquipmentUE) radio access capabilities

[14] 3GPP TS 38.423:NG-RAN; Xn signalling transpott

[15] 3GPP TS 36.21I'Evolved Universal Terrestrial Radio AccessUERA); Physical channels and
modulatiori

[16] 3GPP TS 37.213'Physical layer procedures for shared spectrum channel access

3GPP
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3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2 Symbols

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

3.3 Abbreviations

For the purposes of the present docatnthe abbreviations given in TR.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].

BWP Bandwidth part

CBG Code block group

CLI CrossLink Interference

CP Cyclic prefix

CQl Channelguality indicator

CPU CSiI processing unit

CRB Common resource block

CRC Cyclic redundancygheck

CRI CSI-RS Resource Indicator

CsSl Channel state information

CSIRS Channel state information referergignal
CSIRSRP CSI reference signal received power
CSIRSRQ CSI reference signal received quality
CSISINR CSlsignatto-noise and interference ratio
Cw Codeword

DCI Downlink control information

DL Downlink

DM-RS Dedicated demodulation reference signals
EPRE Energy per resource element

IAB-MT IntegratedAccess an@ackhauli Mobile Terminal
L1-RSRP Layer 1 reference signal received power
LI Layer Indicator

MCS Modulation and coding scheme
PDCCH Physical downlink control channel
PDSCH Physical downlink shr&d channel

PSS PrimarySynchronisation signal
PUCCH Physical uplink control channel

QCL Quasico-location

PMI PrecodingMatrix Indicator

PRB Physical resource block

PRG Precodingesource block group

PRS Positioning reference signal

PT-RS Phasetracking reference sigha

RB Resource block

RBG Resource block group

RI Rank Indicator

RIV Resource indicator value

RS Reference signal

SLIV Start and length indicator value

SR Scheduling Request

SRS Sounding reference signal

SS Synchronisation signal

SSS Secondansynchronisation signal

3GPP
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SSRSRP SS reference signal received power
SSRSRQ SS reference signal received quality
SSSINR SS signato-noise and interference ratio
B Transport Block
TCI Trangnission Configuration Indicator
TDM Time division multplexing
UE User equipment
UL Uplink

4 Power control

Throughout this specification, unless otherwise noted, statements using tH&JEErm clauses 4, 5, or 6 are equally
applicable to théAB-MT part of an IAB node

4.1 Power allocation for downlink

The gNB determines the downlink transiBRRE

For the purpose of SRSRR SSRSRQ and5SSINR meaasurements, the UE may assume downlink EPRE is constant
across the bandwidth. For the purpose ofRERP SSRSRQandSS-SINR measurements, the UE may assume
downlink EPRE is constant over SSS carried in diffeB®#PBCH blocksFor the purpose @SRSRP SSRSRQand
SS-SINR measurements, the UE may assuha theratio of SSS EPRE to PBCBEIM-RS EPREis 0 dB.

For thepurpose of CSRSRP CSI-RSRQand CSISINR measurements, the UE may assume downlink EPRE of a port
of CSFRSresourceconfiguration is constant across the configured downlink bandwidth and constant across all
configured OFDM symbols.

The downlinkSS/PBCHSSS EPRE can be derived from thelBCH downlink transmit power given by the parameter
ssPBCHBlockPowemrovided by higher layers. The downli®isStransmit power is defined as the linear average
over the power contributions (in [W]) of all resource edgrts that carry the SSS within the operating system
bandwidth.

The downlink CSIRS EPRE can be derived from t88/PBCHblock downlink transmit power given by the parameter
ssPBCHBlockPowerandCSIRS poweroffsetgiven by the paramet@owerControlOffsetSgrovided by higher

layers. The downlink refereneggnal transmit power is defined as the linear average over the power contributions (in
[W]) of theresource elements that carry ttenfiguredCSI-RS within theoperating system bandwidth.

For downlink DM-RS associatedvith PDSCH, the UE may assume the ratio of PDSCH EPRE teRSMEPRE
( bpurs [dB]) is givenby Table 4.11 according to the number of BRS (M groupswithout data aslescribed in

Clause5.1.6.2 The DM-RS scaling factoan,D[';’lsRCSH specified inClause7.4.1.1.2 of [4, TS 38.211] is given by
b,

_ Ppvrs

b, =10
Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE
Number of DM-RS CDM DM-RS configuration type 1 DM-RS configuration type 2
groups without data
1 0dB 0dB
2 -3dB -3dB
3 - -4.77 dB

Whenthe UE is scheduled wita PT-RS portassociated with the PDSCH

- if the UE is configured with the higher layer parametgre Ratio, the ratio of PIRS EPREBo PDSCH EPRE
per layer per RE for RRS port (r..zs) iS given byTable 4.12 according to thepre-Ratio, the PFRSscaling

"pTRS

factor b,rsSpecified inclause7.4.1.2.2 of [4, TS 38.211] is given By, =10 2 .

- otherwisethe UE shall assunepreRatio is set to stat®' in Table 4.12 if not configured.

3GPP
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Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE ( 7pzs)

The number of PDSCH layers
epre-Ratio
1 2 3 4 5 6
0 0 3 4.77 6 7 7.78
1 0 0 0 0 0 0
2 reserved
3 reserved

For link recovery, as described in clause §6ofTS 38.213}he ratio of the PDCCH EPRi& NZP CSI-RS EPRESs
assumed a8 dB.

5 Physical downlink shared channel related procedures
5.1 UE procedure for receiving the physical downlink shared
channel

For cownlink, a maximum o6 HARQ processgser cellis supportedy the UE The number of processes the UE
may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer
parametenrofHARQProcessesForPDSCHind when no configuration is provided the UE may assume a default
number of 8 processes.

A UE shall upon detection of a PDCCH witltanfiguredDCI format1l_0 1_1or 1_2decode the corresponding
PDSCHs as indicated by that D€br any HARQ process KB) in a given scheduled cell, the UE is not expected to
receivea FDSCH that overlaps in time witinothePDSCH. The UE is not expected to recei@eotheiPDSCH for a
given HARQ process until after the end of the expected transmission of H¥RCYor that HARQ process, where the
timing is given byClaused.2.3 of [6].In a given scheduled cethe UE is not expected to receivdiest PDSCH in slot

i, with the corresponding HARQ@CK assigned to be transmitted in glpanda second®DSCHstarting later than the
first PDSCHwith its corresponding HARE\CK assigned to be transmitted in a slot beforejsieor any two HARQ
process IDs in a giveschedulectell, if the UE is scheduled start receivinga first PDSCHstartingin symbolj by a
PDCCHendingin symboli, the UE is not expected to be schedulereteivea PDSCH starting earlier thaine end of
the first PDSCHvith a PDCCHthat end laterthan ymboli. In a given scheduled ceflpr any PDSCH corresponding
to SFRNTI, the UE is not expected to decode dramsmission of an earlier PDSCH with a starting symbol lessNhan
symbols after the last symbol of that PDSCH, where the valiedepends on the PDSCHilscarrier spacing
configurationm with N=13 for 70, N=13 for n=1, N=20 for nx2, andN=24 for n#3.

When recei sichgdiBDSRBNHWI fohkTBhe UE may as sRuSmep otrhta to ft hPeD SDOM
guasliooxcat edasvs dadci atheed SS/ PBCHolplpd ek wihtif tr, e Dpe@tl etro s pr e
spread, spatiaha®RXl ipaakllmet er s whe

When recei schgdBDS@&@NWI MegBMT he UE may as sRiSmepotritatoft he
PDSCH i ol gquasedcwith tolre tHf RIBSSsHbbLEIEBr RACH @associ ati
appl iacmdlter,ansmi ssiDoppWwierh shedpectDotppl er spread, aver af
par ametnapp!| wihaebn er eaPDiSHi g hed ul-RNIT Iwiitrh rRAAsSponse to a r a
procdadurggered bywhi WD CICHI @ gferreese ncdoomt eanctciefasrie SpCebh [0,8§8 u r e

38.321]t he UE may as sRiSmepotrhtatoft teheDM ec eD MRS PdrGtGH wofr der a
correspbB@HNngcheduRNTd rgeu at shi oRcAant ¢ h t h eBCsHa nhel oSIR SFo wi €8 |

respect to Doppler shiftdebDappbkereapgdreagataaéer f¥epdehba

When receivnngeBpPp8GKHe to a PUSCH transom scsorome sgdharediun ¢
retransmosswioean recei vi nBUBDHCH@Ir m Bynplopno e esc ar BUSCH
scheduled by a fallbackRAR UL grtame UOE mayrassuwomai nigat
port of PDSCbcasedquwsit hcbobhe SS/PBCH block the UE selec
with r ®oplket shbi ft, Doppler spread, averageapplilagbl del :

If the UE isnot configured for PUSCH/PUCCH transmission for at least one serving cell configured with slot formats
comprised of DL and UL symboland if the UE is not capable of simultaneous receptiortramdmissioron serving
cell c;and serving celt;, the UE is not expected to receive PDSCH on servingciélthe PDSCH overlaps in time
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with SRS transmissiofincluding any interruption du@tuplink or downlink RF retuning time [10]) on serving azll
not configured for PUSCH/PUCCH transmission

The UE is not expected tao sce &@d dhahvil ToRr D 80N Facrhde daun cetdh d rn
PDSCH schedwlmed sieeMnltithk®NCTSI i f t he PDSCHs paréekabpy bf f
PDCCH schedul i ng-RNAFé BERMESEwietntdsC at | east 14 symbols b
wit RRNCTSI without the correspondengdBPCthei PDEEHRNTETheadal ¢

or MERSNTI

The UE is not expected t o-RNgdoMGERMNTORD-ESH| schedaobéebewi P
the same cell -RNToe d MBE @l awittihalRAy or fully overlap in ti

The UE _illDLEERG Nnd RR@MoldAGTI VBEe able to decode t-wo PDSCEH
RNTI-RNPI -RNRTAILT KRINTTG wihe two PDSCHs partiall yower I[fagddiyng
PRBs.

On a framgeaenktyceghdl | the d8Eloale a PDSCRINTsIc MEBNTdRrd-W$S t h C
RNTAnd during &kNpifrfrodes ggefr eRit Sér aPP8CHI s c-RMTHILhipaed t wiat h y S
or fully oivre rolvaepr lianp ptiinngel RRBs t he PDSRINHL IslGBNTd re dCSvi t h  (
RNTI r €qpib2e spirtoycessi ng ctliahkes®a d mo rwhiicch tcamse t he UE may
schedul ed PPSTHMEBNAO C -FCNST |

On fraequemgy 2 cell, the UE is not expRNTIleMCBONTHdecGHe a
RNTI if in the sameBb&PltrdggengdaSpracquisiti-RMTI anot
partially or fully overlap in time.

The UE i s e

xpected to deRMNMTle MEBRD®C HCNSTclh edduurliendg wai tphr oQ e
autonomous S

acquisition.

I f theoWEi gsred by he ghePDCQ@H ewist h ol ydeaROBE ,s d rhaeembUlEe & h a
receive PDSCH transmissions without colrayppempondedgPBPBCHd
configuration for those PDSCHs.

If a UEis configured by higher layer parameRDCCH-Configthat contains two different values of
CORESEPoolIndexin ControlResourceSgihe UE may expect to receive multiple PDCCHSs scheduling
fully/partially/nonoverlapped PDSCHs time and frequency domain. ThEE may expecthereception of
full/partially-overlapped PDSCHs time only when PDCCHs that schedule two PDSCHSs are associated to different
ControlResourceSetwving different values dEORESEPoolIndex For aControlResourceSetithout
CORESETPoolindexhe UE may assume that tBentrolResourceSét assigned witlCORESETPoollndeas 0.
When the UE is scheduled withll/partially/non-overlapped PDSCHs time and frequency domaithe full
scheduling information for receiving a PDSCH is indicated@rded only by the corresponding PDCCH, the UE is
expected to be scheduled with the same active BWP and the sam@&/B&8the UE is scheduled with full/partially
overlapped PDSCHs in time and frequency domthie UE can be scheduled with at most twoesoords
simultaneouslyWhen PDCCHs that schedule two PDSGifle associated to differeBbntrolResourceSetsaving
different values oCORESEPoolIndexthe following operations are allowed

- For any two HARQ process IDs in a given scheduled cell, ithaés scheduled to start receiving a first PDSCH
starting in symboj by a PDCCH associated with a valueG®DRESETpoolindegnding in symboi, the UE can
be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with
a different value o€CORESETpoollndethat ends later than symhol

- In a given scheduled cell, the UE can receifiessh PDSCH n sloti, with the corresponding HARACK
assigned to be transmitted in gloanda secondPDSCH associated withvalue of CORESETpoolindex
different fromthat ofthe first PDSCHbtarting later than the first PDSGHith its corresponding HARE\CK
assigrd to be transmitted in a slot before §lot

If PDCCHs that schedutmrrespondind®’DSCHSs are associated to the same or diffé€entrolResourceSetsmving
the same value @ORESEPoolIndexthe UE procedure for receiving the PDSCidon detection of al’FCCH
follows Clauseb.1.

When Be&iEf ibgyurheidgher | RieypeSc hpeamasaBmnea beld~eDoViSec hetm@ MS ¢ h'e me B
T DMSc h'einie A h iedicatdd withswo TCI states in@depoint of the DCI fieldTransmissiorConfiguration
Indicationi and DM-RS port(s) within one CDM group in the DCI fieléntennaPort(s)'.
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- When two TCI states are indicated in a DCI and the Wett® 'FDMSchemeAthe UE shall receive a single
PDSCH transmission occasion of the TB with each TCI state associated tmaan@pping frequency domain
resource allocatioasdescribedin Clause5.1.2.3.

- When two TCI states are indicated in a DCI and the WHeti® 'FDMSchemeBthe UE shall receive two
PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission
occasion which has neoverlapping frequency domain resource allocation with respect to the other PDSCH
transmission ocasionas describeth Clause5.1.2.3.

- When two TCI states are indicated in a DCI and the Weti® 'TDMSchemeAthe UE shall receive two
PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission
occasion with has noroverlapping time domain resource allocation with respect to the other PDSCH
transmission occasion and both PDSCH transmission occasions shall be received within a givelestabasl
in Clauseb.1.2.1.

Wh e n & cotfifured by the higher layer paramedSCHconfigthat indicatest least one entry ipdsch
TimeDomainAllocationListontairing RepNumR1é& PDSCHTimeDomainResourceAllocatipt hUE may expect to
be indicated wittone ortwo TCI states in @odepoint of the DCI fieldTransmission Configuration Indicatibtogether
with the DCI field"Time domain resource assignniendicating an entry ipdschTimeDomainAllocationListwhich
contain RepNum16n PDSCHTimeDomainResourceAllocati@and DMRS port(s) within one CDM group in the DCI
field "AntennaPort(s)'.

- When two TCI states are indicated in a @th Transmission Configuration Indicatiofield, the UE may
expect to receive nfiple slot level PDSCH transmission occasions of the same TB with two TCI states used
across multiple PDSCH transmission occasions as definekirses.1.2.1.

- WhenoneTCIl stateis indicated in a DCI withTransmission Configuratiomdication field, the UE may expect
to receive multiple slot level PDSCH transmission occasions of the same TBneifiC| state used across
multiple PDSCH transmission occasions as definetlanses.1.2.1.

When &asd&E ierhihadD&ltthat Ol field "Time domain resource assignmendicating an entry ipdsch
TimeDomainAllocationListwhich contairRepNumR1é PDSCHTimeDomainResourceAllocatipa nitlis indicated
with two TCI states in aodepoint of the DCI fieldTransmission Configutaon Indicatiod and DM-RS port(s) within
two CDM group in the DCI field AntennaPort(s)', th &JE may expect to receive a single PDS®kere the
association between the DRIS ports and the TCI states aedefinedn Clauses.1.6.2.

When &as dth de avith & DCI that DCI field'Time domain resource assignmendicating an entry ipdsch
TimeDomainAllocationListwhich contairRepNumR1é PDSCHTimeDomainResourceAllocatipandi t indicated
with oneTCI states in @odepoint of the DCI fieldTransmission Configuration Indicatirihe UE procedure for
receiving the PDSCHpon detection of a PDCCH follovidauses.1.

|l More t han oonnea PEEGH Mgwicehdut a ctorraresmiogadiltgirgaddPrDeC CHI y
oveplap tiameUE i s metabPR@@GiHmoad t & ess eo tPhDeh@ it thrant he | owes
confisgpBoend i gl ndex

If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one
PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive
a PDSCH among thes®©BCHs other than one with the lowest configuspdConfigindexon the serving cell.

5.1.1  Transmission schemes

Only one transmission scheme is defined for the PDSCH, and is used for all PDSCH transmission

51.1.1 Transmission scheme 1

For transmission schemg of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be

performed with up to 8 transmission layers on antenna po€8-1011 as defined irClause7.3.1.4 of[4, TS 38.211]
subject to the DMRS reception procedes inClause5.1.6.2
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51.2 Resource allocation

5121 Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a Bf@lTime domain resource assignméetd valuem of the DCI
provides a row indem + 1 to an allocation tabl&he determination of the used resource allocation table is defined in
Clauseb.1.2.1.1Theindexed row defines the slot offs&, the start and length indicatBLIV, or directly the start spbol

Sand the allocation length and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

- The slot allocated for the PDSCHKs, where

é mpsch U %NCA NCA 0
> 2 U “ANgjot, offset PDCCH lot offset PDSCH ; o . , ,

Kg =én UKy epgonofiset PDCC ot offset PDSCH tpmoseg) | if UE is configured withCA-slot
é 27PDCCH @ % D ‘Biiset PDCCH D Bifset PDSCH 0

e .2 ™PDSCH L:J
offsetfor at least one of the scheduled and scheduling ceIIKand@nOz— UK, , otherwise, anavherenis
g 2/™PDCCH H

the slot with the scheduling DGindKo is based on the numerology of PDSGIAd 73, and my, arethe
subcarrier spacing configurations for PDSCH and PDCCH, respectarely,

- 0811 onpbam@i®n £rosesare thedd! | orandtheme. respectively, which are determined by higher
layer configuredcAsiotofises for the cell receiving the PDCCH respectively i o p iaaedith i 208 o4 (
are thed g | o andgh®ie., respectively,which are determined by higharer configurecCA-slotoffset for
the cell receiving the PDSCH, dsfined inclause 4.%f [4, TS 38.211]

- Thereference poing for startingsymbolSis defined as:

- if configured withReferenceof SLAForDCIFormatl_2 andwhen receiving PDSCH scheduled by DCI
format 1 2 with CRC scrambled by-8NTI, MCS-C-RNTI, CSRNTI with Ko=0, andPDSCHmapping
Type B,the starting symbdbis relative to the starting symb§ of the PDCCH monitoring occasiavhere
DCI format 1_2 is detected;

- otherwise, hhe starting symbdbis relative to the start of the slosingS=0, andthe starting symbo&
relative to the start of the slot, atite number of consecutive symbalsounting from the symbd@
allocated for the PDSCH are determined from the start and length indstdk6r

it (L-D¢7 then
SLIV=14QL-1)+S
else
SLIV =14{14- L+1)+(14- 1- S)
whereO< L¢14- S, and

- thePDSCH mapping type is set to Type A or Type B as defin€ldnse7.4.1.1.2of [4, TS 38.211].

The UE shall consider tigandL combinations defined in table 5.1.21katisfying Sb +S +L M for normal

cyclic prefix and% + S +L X2 for extended cyclic prefirs valid PDSCH allocations:
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Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A {0,1,2,3} {3, ¢, {3, ¢é, 14 {0123} {3, ¢, {3,é,12
(Note 1) (Note 1)
Type B {0, é, {2, é 311 {2,é,14 {0, é, {2,4,6} {2,€é,12
Note 1: S = 3is applicable only if dmrs-TypeA-Position = 3

When receiving PDSCH scheduled DI format 1_lor 1 2in PDCCH with CRC scrambled by-RNTI, MCS-C-
RNTI, or CSRNTI with NDI=1, if the UE is configured witpdsch-AggregationFactoiin pdschconfig the same
symbol allocation is applied across asch-AggregationFactoiconsecutive slotdVhen receiving PDSCH scheduled
by DCI format1_1 or 1 2 in PDCCH with CRC scrambled byRITI with NDI=0, or PDSCH scheduled without
corresponding PDCCH transmission usgpgConfigand activated by DCI format 1_1 or 4, the same symbol
allocation is applied across tpdschAggregationFactorin spsConfigif configured or inpdschconfigotherwise,
consecutive slotd’he UE may expect that the TB is repeated within each symbol allocation among eaqgbds€lthe
AggregationFactorconsecutive slots and the PDSCH is limited to a single transmissionfayd?DSCH scheduled by
DCl format 1_1 or 1_2 in PDCCH with CRC scrambled byRI$T| with NDI=0, or PDSCH scheduled without
corresponding PDCCH transmissionngsspsConfigand activated by DCI format 1_1 or 1_2, the UE is not expected
to be configured with the time duration for the receptiopdsfchAggregationFactorepetitions, irspsConfigif
configured or irpdschconfigotherwise, larger than the timerdtion derived by the periodicity P obtained from the
correspondingpsConfig The redundancy version to be applied onrfhéransmission occasion of the T®here n =
0, pdschAggregationFactorl, is determined according to table 5.1:2.4nd"rvis indicated by the DCI
scheduling the PDSCHn table 5.1.2.42 is assumetb beO for PDSCH scheduled without corresponding PDCCH
transmission usingpsConfigand activated by DCI format 1 dr 1_2

Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present

rviaindicated by the DCI rvid to be applied to n'" transmission occasion
scheduling the PDSCH nmod4=0 nmod4=1 nmod4=2 nmod4=3
0 0 2 3 1
2 2 3 1 0
3 3 1 0 2
1 1 0 2 3

A PDSCHreceptionin a slot of a multislot PDSCHreceptionis omitted according to the conditions@ausell.1 of
[6, TS38.213].

The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was
received in the same slot amds not contained within the first three symbols of the slot.

The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling
the PDSCH was received in a later symbol than the first symbol indicatieel RDSCH time domain resource
allocation.

When the UE configured withrjinimumSchedulingOff§ah an active DL BWP it applies a minimum scheduling
offset restriction indicated by tH#Minimum applicable scheduling offset indicdidreld in DCI format0_1 or 1_1.
When the UE configured withrjinimumSchedulingOffdeh active DL BWP and it has not receivelinimum
applicable scheduling offset indicaldield in DCI format 0_1 or 1_1, UE shall apply a minimum scheduling offset
restriction indicatedbased on'Minimum applicable scheduling offset indicdiaralue'0’. When thaminimum
scheduling offset restrictiois applied the UE is not expected to be scheduled with a DCI in tdateceive a PDSCH
scheduled with ERNTI, CSRNTI or MCSC-RNTI with Ko smaller than the applicable minimum scheduling offset
restrictionKomin. The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with
C-RNTI, CSRNTI or MCSC-RNTI in common search space associated with CORESEd @efault PDSCH time
domain resource allocation is used or when PDSCH transmission is scheduled RN ISIr RA-RNTI. The
application delay of the change of the minimum scheduling offset restriction is determCied$e5.3.1.

The UE is not expectettd be configured witliReferenceofSLINForDCIFormatl_2for serving cells configured for
crosscarrier scheduling with a scheduling cell of a differdoivnlink SCS configuration.

When a UE is confi gur e dRebpyS cthheemehE hjalihdre nle aawwekdicapedd DVMRSNe t e r
port(s) within one CDM group in the DCI fieldAntennaPort(s)', the number of PDSCH transmission occasisns
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derived by the number of TCI states indicatedhi®/DCI field 'Transmission Configuratin Indication of the
scheduling DCI

If two TCI statesareindicated by the DCI fieldTransmission Configurath Indicatiori, the UE is expected to
receivetwo PDSCH transmission occasions, whibiefirst TCI stateis applied to the firsPDSCH transiission
occasiorand resource allocation in time domén the first PDSCH transmission occasfoliows Clause
5.1.2.1 The second TCI state is applied to the sed®d&CH transmission occasicmnd he second PDSCH
transmission occasion shall hate same number of symbols as the first PDSCH transmission ocdsien
UE is configured by the higher layessth a valued in StartingSymbolOffsetKt shall determine that the first
symbol of the second PDSCH transmission occasion start®aftenbols from the last symbol of the first
PDSCH transmission occasidfithe valued is not configured vighe higher layer parameter
StartingSymbolOffsetd = Oshall be assumed by the UEhe UEis notexpeced to receive more than two
PDSCH transmiion layersor eachPDSCH transmission occasidfortwo PDSCH transmission occasions,
the redundancy version to be applied is derived according to Table 2]1vehkre:  1ip applied respectively
to thefirst and second TCitate.

Otherwise the UEis expected to receive a sindgd®SCH transmission occasia@andtheresource allocation in
thetime domain follow<Clauseb.1.2.1

Wh e n eonfiguted by the higher layer parame®®SCHconfigthat indicatest least one entry ipdsch
TimeDomainAllocationListontainRepNumR1& PDSCHTimeDomainResourceAllocatip

If two TCI states are indicated by the DCI fiéldansmission Configuration Indicaticilmgether with the DCI

field "Time domain resource assignmiendlicating arentry inpdschTimeDomainAllocationList which contain
RepNumR16n PDSCHTimeDomainResourceAllocaticend DMRS port(s) within one CDM group in the

DCI field "Antenna Port($) thesame SLIV is applied for all PDSCH transmission occasions, the first TCI state
is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH
transmission occasion followdlauses.1.2.1.

When the value iicated byRepNumR16n PDSCHTimeDomainResourceAllocaticequas to two, the
second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by
RepNumR16n PDSCHTimeDomainResourceAllocatias larger than two, th&JE maybe further configured
to enableCycMapping or SeqMapping iRepTCIMapping.

- WhenCycMappingis enabled, the first and second TCI statesapplied to the first and second PDSCH
transmission occasions, respectively, and the S&bhenappingpattern contiues to the remaining PDSCH
transmission occasions.

- WhenSeqMappings enabled, first TCI state is applied to the first and second PDSCH transig)issidithe
second TCI state is applied to the third and fourth PDSCH transnsisaimhthe sam€&Cl magping pattern
continues to the remaining PDSCH transmissiocasions

The UE may expect thaachPDSCH transmission occasion is limited to two transmission lalyersall PDSCH
transmission occasiomssociateavith the first TCI state hte redundancy version to be applied is derived according to
Table 5.1.2.42, whereg is counted only considering FIICH transmission occasisassociated witlthe first TCI state.
The redundancy version fBBDSCH transmission casionsassociatedvith thesecondrl' Cl stateis derived according

to Table 5.1.2.13, where additional shifting operation for each redundancy versiois configured by higher layer
parameteRVSeqOffseand¢ is counted only consideringDSCH transtission occasionassociated witthe second

TCI state.

Table 5.1.2.1-3: Applied redundancy version for the second TCI state when RVSeqOffseis present

rviaindicated by the DCI rvid to be applied to n'" transmission occasion with second TCI state

scheduling the PDSCH nmod4=0 nmod4=1 nmod4=2 nmod4=3
1! m ol A ¢ 10l T A o 10l 1A p 10T A
C ¢ 1 O0ITA| o TO0ITA|] p TO0ITA| m iollA
o o {O0ITA| p TOITA|] m TO0ITA| ¢ 1011TA
P p T OITA] m T0ITA| ¢ T0ITA| o 10ITA

If one TCI state is indicated by the DCI fiéldtansmission Configuration Indicaticilmgether with the DCI field
"Time domain resource assignmniendlicating an entry ipdschTimeDomainAllocationListwhich contain
RepNumR16n PDSCHTimeDomainResourceAllocaticend DM-RS port(s) within one CDM group in the
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DCI field "Antenna Port(s) the same SLIV is applied for all PDSCH transmission occasions, the first PDSCH
transmission occasion follow&ause5.1.2.1, thesameT Cl state is applied to all PDSCH transmission
occasions. The UE may expect that each PDSCH transmission occasion éstlintite transmission layersor

all PDSCH transmission occasiortse redundancy version to be applied is derived according to Table £]1.2.1
where¢ is counted considering PDSCH transmission occasions.

- Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in
the time domain follow€lause5.1.2.1.

5.1.2.1.1 Determination of the resource allocation table to be used for PDSCH

Table 5.1.2.1.41 and Table 5.1.2.1-1A define which PDSCH time domain resource allocation configuration to apply.
Either a default PDSCH time domain allocation A, B or C according to tables 5.4223.1.2.1.13, 5.1.2.11-4 and
5.1.2.1.15 is applied, or the higher layer configuredisch TimeDomaillocationListor pdsch
TimeDomainAllocationLisForDCIFormatl 2 is applied.For operation with shared spectrum channel access, as
described in [, TS 37.213], UE reinterpre&andL in row 9 of Table 5.1.2.1:2 asS=6andL=7.

3GPP



Release 16

17

3GPP TS 38.214 V16.1.0 (2020-03)

Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation for DCl formats 1 Oand 1 1

RNTI PDCCH SS/PBCH pdsch- pdsch-Config PDSCH time
search block and ConfigCommon includes pdsch- domain resource
space CORESET includes pdsch- TimeDomainAllocati | allocation to apply

multiplexin | TimeDomainAlloca onlList
g pattern tionList
SI-RNTI TypeO 1 - - Default A for normal
common CP
2 - - Default B
3 - - Default C
SI-RNTI TypeOA 1 No - Default A
common 2 No - Default B
3 No - Default C
1,2,3 Yes - pdsch-
TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
RA-RNTI, Typel 1,2,3 No - Default A
MsgB-RNTI, common 1,2,3 Yes - pdsch-
TC-RNTI TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
P-RNTI Type2 1 No - Default A
common 2 No - Default B
3 No - Default C
1,2,3 Yes - pdsch-
TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
C-RNTI, Any common 1,2,3 No - Default A
MCS-C- search 1,2,3 Yes - pdsch-
RNTI, CS- space TimeDomainAllocati
RNTI associated onList provided in
with pdsch-
CORESET 0 ConfigCommon
C-RNTI, Any common 12,3 No No Default A
MCS-C- search 1,2,3 Yes No pdsch-
RNTI, CS- space not TimeDomainAllocati
RNTI associated onList provided in
with pdsch-
CORESET 0 ConfigCommon
1,2,3 No/Yes Yes pdsch-
UE specific TimeDomainAllocati
search onList provided in
space pdsch-Config
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Table 5.1.2.1.1-1A: Applicable PDSCH time domain resource allocation for DCI format 1_2

pdsch-ConfigCommon
includes pdsch-
TimeDomainAllocationList

pdsch-Config includes
pdsch-
TimeDomainAllocationList

pdsch-Config includes
pdsch-
TimeDomainAllocationList
-ForDClformatl 2

PDSCH time domain
resource allocation to apply

No

No

No

Default A

Yes

No

No

pdsch-
TimeDomainAllocationList
provided in pdsch-
ConfigCommon

No/Yes

Yes

No

pdsch-
TimeDomainAllocationList
provided in pdsch-Config

No/Yes

No/Yes

Yes

pdsch-
TimeDomainAllocationList-
ForDClformatl_2 provided in
pdsch-Config

Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type

1 2 Type A 0 2 12
3 Type A 0 3 11

2 2 Type A 0 2 10
3 Type A 0 3 9

3 2 Type A 0 2 9
3 Type A 0 3 8

4 2 Type A 0 2 7
3 Type A 0 3 6

5 2 Type A 0 2 5
3 Type A 0 3 4

6 2 Type B 0 9 4
3 Type B 0 10 4

7 2 Type B 0 4 4
3 Type B 0 6 4

8 2,3 Type B 0 5 7
9 2,3 Type B 0 5 2
10 2,3 Type B 0 9 2
11 2,3 Type B 0 12 2
12 2,3 Type A 0 1 13
13 2,3 Type A 0 1 6
14 2,3 Type A 0 2 4
15 2,3 Type B 0 4 7
16 2,3 Type B 0 8 4
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Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation A for extended CP

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type
1 2 Type A 0 2 6
3 Type A 0 3 5
2 2 Type A 0 2 10
3 Type A 0 3 9
3 2 Type A 0 2 9
3 Type A 0 3 8
4 2 Type A 0 2 7
3 Type A 0 3 6
5 2 Type A 0 2 5
3 Type A 0 3 4
6 2 Type B 0 6 4
3 Type B 0 8 2
7 2 Type B 0 4 4
3 Type B 0 6 4
8 2,3 Type B 0 5 6
9 2,3 Type B 0 5 2
10 2,3 Type B 0 9 2
11 2,3 Type B 0 10 2
12 2,3 Type A 0 1 11
13 2,3 Type A 0 1 6
14 2,3 Type A 0 2 4
15 2,3 Type B 0 4 6
16 2,3 Type B 0 8 4
Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation B
Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type
1 2,3 Type B 0 2 2
2 2,3 Type B 0 4 2
3 2,3 Type B 0 6 2
4 2,3 Type B 0 8 2
5 2,3 Type B 0 10 2
6 2,3 Type B 1 2 2
7 2,3 Type B 1 4 2
8 2,3 Type B 0 2 4
9 2,3 Type B 0 4 4
10 2,3 Type B 0 6 4
11 2,3 Type B 0 8 4
12 (Note 1) 2,3 Type B 0 10 4
13 (Note 1) 2,3 Type B 0 2 7
14 (Note 1) 2 Type A 0 2 12
3 Type A 0 3 11
15 2,3 Type B 1 2 4
16 Reserved
Note 1: If the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space, the UE may
assume that this PDSCH resource allocation is not applied
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Table 5.1.2.1.1-5: Default PDSCH time domain resource allocation C

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type
1 (Note 1) 2,3 Type B 0 2 2
2 2,3 Type B 0 4 2
3 2,3 Type B 0 6 2
4 2,3 Type B 0 8 2
5 2,3 Type B 0 10 2
6 Reserved
7 Reserved
8 2,3 Type B 0 2 4
9 2,3 Type B 0 4 4
10 2,3 Type B 0 6 4
11 2,3 Type B 0 8 4
12 2,3 Type B 0 10 4
13 (Note 1) 2,3 Type B 0 2 7
14 (Note 1) 2 Type A 0 2 12
3 Type A 0 3 11
15 (Note 1) 2,3 Type A 0 0 6
16 (Note 1) 2,3 Type A 0 2 6
Note 1: The UE may assume that this PDSCH resource allocation is not used, if the PDSCH was scheduled
with SI-RNTI in PDCCH TypeO common search space

5.1.2.2 Resource allocation in frequency domain

Two downlink resource allocation schemigpe 0 and type,lare supportedlhe UEshallassume that when the
scheduling grant is received with DCI forndat0, thendownlink resource allocation type 1 is used.

If the scheduling DCis configured to indicate the downlink resource allocation type as part Bféheencydomain
resourceassignmat field by setting a higher layer parametesourceAllocationn pdschConfigto ‘dynamicswitch

for DCI format 1_1 or setting a higher layer parametspurceAllocatiofForDCIFormatl 2 in pdschConfigto
‘dynamicswitchfor DCI format 1_2the UE shall use downlink resource allocation type 0 or type 1 as defined by this
DClI field. Otherwise the UE shall use the downlfrbquencyresource allocation type as defined by ttigher layer
parameteresourceAllocatiorior DCI format 1_1 or by the higher layer parametsourceAllocation
ForDCIFormatl_2for DCI format 1_2

If a bandwidth part indicator field is not configured in the schedulingdd@ie UE does not support active BWP
change via DClthe RB indexing for downtik type O and type 1 resource allocatiodéserminedvithin the UEs

active bandwidth partf a bandwidth part indicator field is configured in the scheduling &l the UE supports

active BWP change via DCihe RB indexing for downlink type 0 and type 1 resource allocation is determined within
the UEs bandwidth part indicated by bandwidth part indicator field value in the Tl UE shall upon detection of
PDCCH intended for the UE determine first ttlewnlink bandwidthpart and then the resource allocation within the
bandwidthpart.

For a PDSCH scheduled with a DCI format 1_0 in any type of PDCCH common search space, regardless of which
bandwidth part is thecive bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the
DCI was received; otherwise RB numbering starts from the lowest RB in the determined downlink bandwidth part.

5.1.2.2.1 Downlink resource allocation type 0

In downlink resource allocation of type 0, thesource block assignment information includes a bitmap indictiténg
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG icarssoftivevirtual
resource blockdefined by higher lagr parameterbg-Sizeconfiguredby PDSCHConfigand the size of the bandwidth
part as defined in Table 5.1.2.211

Table 5.1.2.2.1-1: Nominal RBG size P

Bandwidth Part Size Configuration 1 Configuration 2
17 36 2 4
371 72 4 8
731 144 8 16
14571 275 16 16
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The total number of RBGSNRBG) for a downlinkbandwidthparti of size Né'\i/epl PRBsis given by

Nzgs :g Ng\zﬁﬁ,i ‘( N;tsvr;, mod P)) I P, where

- the size of the first RBG iRBGy ™ = P- Né‘\i‘,’;i modP

- the size of last RB& RBGE;? = (N ét&,ré,i + Nél\fvepii )mOdP if (N ét&,’é,i + Né'\ﬁ,ep,i )mOd P>0 andP otherwise,

- the size of all other RBGs &

The bitmap is of sizéNggg bits with one bitmap bit per RBG such that each RBG is addres3#iel®BGsshall be

indexed in the order of increasing frequency and starting at the lowest freqi¢heybandwidth parfThe order of
RBG bitmap is such that RBG 0 to RB@&, - 1 are mappedrom MSB to LSB.The RBG is allocated to the UE if

the coresponding bivaluein thebitmapis 1, the RBG is not allocated to the UE otherwise
5.1.2.2.2 Downlink resource allocation type 1

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set
of contiguously allocatedontinterleavedor interleavedvirtual resource blockwiithin the active bandwidth part of size
NSze PRBsexcept for the case when DCI format 1_0 is decodeshjrcommon search spagewhich case the size

of CORESET 0 shall be uséfdCORESET 0 is configured for the cell and the size of initial DL bandwidth part shall be
used if CORESET 0 is not configured for the cell

A downlink type 1 resource allocation field consists of a resource indication WiMecbrresponding to a starting
virtual resource block RB,,,;) and a length in terms of contiguously allocated resource blggks The resource

indication value is defined by
if (Lras- 1) ¢ ANSZ/2(] then

RIV = Ng%h(Lras- D + RByan
else

RIV = NSZ&(NSZe, - Lgg+1) + (NSZ8, - 1- RByyy)

size
whereL g2 1 and shall not exceeblpyp - RB,.-

When the DCI size for DCI format 1_0 in USS is derived fromsiae ofDCI format 1_0 in CS®ut applied to an
active BWP with size ofNzsive, adownlink type 1 resource block assignment field consists of a resource indication

BWP !

value RIV) corresponding to a starting resource bl®®R,_, =0, K,2 &,.. fital 1y Kand a length in terms of

< WP

virtually contiguously allocated resource blocks, = K,2 K.,...,Ngwa' K1, where N2 is given by
- the size of CORESET 0 if CORESET 0 is configured for the cell;
- the size of initial DL bandwidth part ZORESET 0 is not configured for the cell

The resource indication value is defined by
if (L'ze- 1) quig“vi;;, /12 Ethen
RIV = N2 (Lgee D) RB

else

RIV = NG (NG L e B (M, 1 -RE-)
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whereL ', = L4s/K , RB',, = RB,,/ Kandwhere L', shall not exceed\ ' - RB

start BWP start*

BWP BWP !

If NZSe > Nt | K is the maximum value from set {1, 2, 4, 8} which satisfile$ gNa>°/ Ngue |; otherwiseK = 1.

When the scheduling grant is received with DCI fortn&, adownlink type 1 resource allocation field consists of
resource indication valu®(V) corresponding to a starting resource block gi@Bi&:=0, 1, € , Nrec1 and a length
in terms of virtually contiguously allocated resource block grdugess=1, € , Nrss, Where the resource block groups
are definedhsin 5.1.2.2.1 withP definedby ResairceAllocationTypegranularity-ForDCIFormatl_2if the UE is
configured with higher layer paramefesourceAllocationTypedranularity-ForDCIFormatl_2 andP=1 otherwise
The resource indication value is defined by

if (Lreas™ D) ®Ngrge/2 [then

RIV = Nggc(Lrees 1) RBG

star
else
RIV = Npgg(Ngrgs -Lrees B (N ggg 1 -RBG )

wherelgg..2 1 and shall not exceeNgg; - RBG

Start®

5.1.2.3 Physical resource block (PRB) bundling

The PRB bundling procedures for PDS&theduled by PDCCHith DCI format 1_1 described in thisauseequally
apply to PDSCHscheduled by PDCCHith DCI format 1_2, by applying the parametergdi-BundlingType
ForDCIFormatl_Z2instead ofprb-BundlingTypeas well as/rb-ToPRBInterleaverForDCIFormatl_2instead ofvrb-
ToPRBInterleaver

A UE may assume that precoding granularitPjs,»; consecutiveesource blocks in the frequency domalg,,»; can
be equal to one of thealues among2, 4, wideband.

If Piwp; is determined aswvideband, the UE is not expected to be scheduled with-camtiguousPRBsand the UE
may assume that the same precoding is applied to the allocated resource.

If Piwe; is determined as one of the values among {2,R¥gcoding Resource Block Group (PRGS) partgitre
bandwidth part with Piwp; consecutive PRB# ctual number of consecutive PRBs in each PRG could be one or more.

Thefirst PRG size is given byswp; - Nétv?/réi modPsypand thdast PRG sizeiven by(Nét&/g,i + Ngwe; ) modPaye;
start +N size

if (Nét\i\l/g,i + Néi\i\fp,i)m()dpéwm . 0, and the last PRG size Eévvp,i it (Ngup; B\NP,i)mOdPI;WP,i =0.

The UE may assume the same precoding is applied for any downlink contiguous allocation of PRBs in a PRG.

For PDSCH carryingIB1 scheduled by PDCCH with CRC scrambled byRBITI, aPRG is partitioned from the
lowest numbered resource block of CORESET the corresponding RCCH is associated with CORESBTand
TypeGPDCCH common search space and is addressedRdIBl; otherwise, a PRG is partitioned from common
resource block 0

If a UE is scheduled a PDSGMth DCI format 1_0the UE shall assume th&;,p; is equal to 2 PRBs.

When receiving PDSCH scheduled by PDC@ith DCI format 1_lwith CRC scrambled by &NTI, MC SC-RN T |
or CSRNTI, Pawp; for bandwidth part is equal to 2 PRBs unless configured by the higher layer panarbeter

BundlingTypegiven byPDSCHConfig

When receiving PDSCH scheduled by PDCCH viathl format 11 with CRC scrambled byRNTI, MC SC-RNT |
or CSRNTI, if the higher layer parametprb-BundlingTypeis set todynamidundling, the highetayer parametear
bundleSzeSetlandbundleSiz8et2configure two sets oP4,p; Valuesthe first setan takeone or twoPg,,p; values

among{2, 4, wideband} and the second se&n takeone P4,p; valueamong {2, 4, wideband}

If the PRB bundling size indicataignalled in DCI format 1_1 as defined@ause7.3.1.2.20f [5, TS 38.212]
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- is=tto'0, the UE shall use the4,p; value fromthe second setf P4,p; valueswhen receiving PDSCH
scheduled by the same DCI.

- is set tol and one value is configured for the first getP4,,p; vValues the UEshall usehis P4yp; valuewhen
receiving PDSCH scheduled by the same DCI

- is set tol and two values are configured for the firsteeP4,,p; Valuesas'n2-wideband(corresponding to
two Piwp; Values 2 and widebahdr 'n4-wideband(corresponding to twdPs,p; Values 4 and widebahdhe
UE shall use thgalue when receiving PDSCH scheduled by the same DCI as follows

- If the scheduled PRBs are contiguausl the size of the scheduled PRBs is larger Ng‘%}ep’i 12, Piwpi IS
the same as the scheduled bandwidth, other®jigg,; is set to the remaining configured value of 2 or 4,
respectively.

When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scramble®RbyiCMC SC-RNT |
or CSRNTI, if the higher layer parametprb-BundlingTypeis set tdstatiundling, the P4,,p; value is configured

with thesingle value indicated by thegherlayer parametebundleSize

Whena UE is configured witmominal RBG siz& ¢ for bandwidth part according tcClause5.1.2.2.1 or when a
UE is configured withinterleaving uniof 2 for VRB to PRB mapping provided by the higher layer paranveter
ToPRBInterleavergiven byPDSCHConfigfor bandwidth part, the UE is not expected to be configured Withyp; =

4,

For a UE bcyohhdi igdhier e d a yRepScheneEnabieeett'EDMSBchemefor FDMSchemeBand
whent hUE is indicatedwvith two TCI states in aodepoint of the DCI fieldTransmission Configuration Indication
and DMRS port(s) within one CDM group in the DCI fiéldntenna Port(s),

- If Piyp,; is determined aSwideband, thefirst —— PRBsare assigned to the first TCI state and the remaining

—— PRBsare assigned to the second|Btate where¢  is thetotal number of allocated PRBsr the UE

- If Pgyp,; is determined as one of the values among {2edn PRGs within the allocaté@quency domain

resourcesire assigned to the first TCI state and odd PRGs within the alldcate@ncy domain resourcase
assigned to the secoil! state

- The UEis notexpecedto receive more than two PDSQknsmission layerfor each PDSCH transmission
occasion

ForUEa confhitghoer gder | a yRepScheneEnakeectt'EDMSBchemB', andwhent hUE is

indicated with two TCI states ina@depoint of the DCI fieldTransmission Configuration Indicatiaand DMRS

port(s) within one CDM group in the DCI fieldAntenna Port(s), each PDSCH transmission occasstrall followthe
Clauser.3.1 of @, TS 38.211] with thenapping taresource elementietermined by thassignedPRBs for

corresponding TCI state of the PDSCH transmission occasmhthe UE shall only expeat mostwo code blocks

per PDSCH transmission occasion when a single transmission layer is scheduled and a single code block per PDSCH
transmission occasiomhen two transmission layers are schedufen two PDSCH transmission occasiofte t

redundancy version to be applied is derived according to Table 521 ®Here¢  1ip areapplied to the first and

second TCI statgespectively

5.1.3 Modulation order, target code rate, redundancy version and
transport block size determination

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

- read the it modulation and coding scheme field,{s) in the DCI to determine the modulation ord®r) and
target code rateR) based on the procedure definecCiause5.1.3.1 and

- readredundancy versiofield (rv) in the DCI to determine the redundancysian.

andsecond
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- the UE shall use the number of layells the total number of allocated PRBsfore rate matchinfnpre) to
determine to the transport block size based on the procedure defiDidiges.1.3.2.

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than
0.95, where the effective channel code ratédfined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH.

The UE is not expected to handle @rgnsport blocksTBs) in a 14 consecutiveymbol duration for normal CP (or 12
for extended CP¥nding at the last symbol of the latest PDSCH transmissgithiin an activeBWP on aserving cell
whenever

¢

6 . 8 p
8 +— w80 - 8&——8YoY
0] T Y

where, for the serving cell,

- Sisthe set of TBs belonging to PDSCH(s) thatpamtially or fully contained in the consecutisymbol
duration

- for theith TB
- G'is the number of scheduled code blocksa®defined iff5, 38.212].
- Liis the number of OFDM symbosssigned to the PDSCH

- X is the number of OFDM symbotd the PDSCH contained in the consecutsyabol duration

-0 Imﬁ‘ @i ETQ; OR ; based on the values defineddfause5.4.2.1 b, TS38.212]

- Q; is thestartng location of RV for théeh transmission

- 'O | EJO ofthe scheduled coddocks for thé® Eransmission

0  is the circular buffelength

0 pis the current (re)transmission for title TB

- ' correspondso thesubcarrier spacing of the BWRcross all configured BWPs of a carjithrat has the
largest configured number BIRBs

- in case there is more than one BWP corresponding to the largest configured nuRRBsgf follows
the BWP with the largest subcarispacing.

- ' correspondso the subcarrier spacing of thetiveBWP

- Rugrm = 2/3as defined irClauses.4.2.1 b, TS38.212]

- TBSierm as defined irClauses.4.2.1 b, TS38.212]

- X asdefinedfor downlinkin Clause5.4.2.1 [5, TS 38.212].

If the UE skips decoding, thghysical layer indicates to higher layer that the transport block is not successfully
decoded

Within a cell group, &JE is not required to handle PDSCH(s) transmissions irgsloserving celj, and forj = 0,1,2..
J-1, slots overlappingwith any given point in time, if the following condition is not satisfied at that point in time:

B W,
~

Owo ®YWoQ

where,

- Jis the number ofonfiguredserving celldelonging to a frequency range
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- for thej-th serving cell,
- Mis the number of TB(s) transmitted in s#pt

- Tao™ =103%27), wherentj) is the numerology for PDSCH(s) in skbf thej-th serving cell
- forthemth TB,w;  0a®-

- Ais the number of bits in the transport block as definddiause7.2.1 [5,TS 38.212]
- Cis the total number of code blocks for the transport bttafined inClause5.2.2 [5, TS 38.212].

- 6ais the number of scheduled code blocks for the trangpark as defined i€lause5.4.2.1 [5,TS
38.212]

- O®0o & YkbapLis computedas themaximumdata ratesummed over all the carriers in the frequency range
for any signaled band combination and feature set consistent with the configured servings cells, where the data
rate value igliven bythe formula inClause4.1.2 in [13, TS38.306],including the scalindactorf(i).

For aj-th serving celljf higher layer paramet@rocessingType2Enabled PDSCHServingCellConfigs configured
for the serving celand set tenable or if at least onéucs> Wfor a PDSCH, wherg/ = 28 for MCS tables 5.1.3.1
and 5.1.3.13, andW = 27 for MCS table 5.1.3:2, the UE is not required to handle PDSCH transmissions, if the
following condition is not satisfied:

B Oh . we s mn n
——— OwWwowYwo Qoo
where

- 0is thenumber of symbols assigned to the PDSCH

- M s the number of TB)in the PDSCH

- Y

wheremis the numerology of the PDSCH

- forthemth TB,wy  6aD-

- Ais the number of bits in the transport block as definedanse7.2.1 [5,TS 38.212]
- Cis the total number of code blocks for the transport block defin€thimse5.2.2 [5, TS 38.212]
- Oads the number of scheduled code blocks for the transport bldefined irClauses.4.2.1 [5,TS 38.212]

- 000 O'Y O[MIEp8] & computeds themaximumdata ratdor a carrier in the frequency band of the serving
cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value
is given bythe formula i Clause4.1.2 in [13, TS38.306], including the scaling factffr).

5.1.3.1 Modulation order and target code rate determination

Forthe PDSCHscheduledy a PDCCH with DCI format_0, format1l_1or format 1_2with CRC scrambled by -C
RNTI, MCS-C-RNTI, TC-RNTI, CSRNTI, SFRNTI, RA-RNTI, MsgB-RNT]I, or P-RNTI, or for the PDSCH
scheduled without corresponding PDCCH transmissions using the {tégleeprovided PDSCH configuratioBPS
Config,

if the higher layer parametarcsTable ForDCIFormatl_2given byPDSCHConfigis set tdgqam256 and the PDSCH
is scheduledby a PDCCH with DCI format 1_2 with CRC scrambled@RNTI

- the UE shall uséucsand Table 5.1.3:2 to determine the modulation ord€).) and Target code rat®)yused
in thephysical downlink shared channel.

elseif the UE is not configured with MGS-RNTI, the higher layer parametercsTable ForDCIFormatl_2given by
PDSCHConfigis set todqam64LowSE and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by
C-RNTI
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- the UE shall uséucsand Table 5.1.3:-B to determine the modulation ord€)) and Target code rat®)yused
in the physical downlink shared channel.

elsdf the higher layer parametercs Tablegiven byPDSCHConfigis set to'qam256 and the PDSCH is schedulbyl
a PDCCH with DCI format 1_fvith CRC scrambled bg-RNTI

- the UE shall uséucsand Table 5.1.3:2 to determine the modulation ord€)) and Target code rat®)yused
in the physical downlink shared channel.

elseif the UE is not configured witiCS-C-RNTI, the higher layer parametercsTablegiven byPDSCHConfigis
set to'qam64LowSE and the PDSCH ischeduledy a PDCCHwith a DCI format other than DCI format 1ir2a
UE-specific search spaedth CRC scambled by GRNTI

- the UE shall uséucsand Table 5.1.3-B to determine the modulation ord€)) and Target code rat®)yused
in the physical downlink shared channel.

elseif the UE is configured witklCS-C-RNTI, and the PDSCH is scheduleg a PDCCH with CRC scrambled by
MCS-C-RNTI

- the UE shall uséucsand Table 5.1.3-B to determine the modulation ord€) and Target code rat®)yused
in the physical downlink shared channel.

elsaf the UE is not configied with the higher layer parametacsTablegiven bySPSconfig, the higher layer
parametemcsTable ForDCIFormatl_2given byPDSCHConfigis set togam256 and the PDSCH is schedulby a
PDCCH with DCI format 1_2 with CRC scrambled 6$-RNTI

- the UE shall uséucsand Table 5.1.3:2 to determine the modulation ord€)) and Target code rat®)yused
in the physical downlink shared channel.

elsaf the UE is not configured with tHagher layer parametencsTablegiven bySPSConfig, the higher layer
parametemcsTablegiven byPDSCHConfigis set togam256

- ifthe PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled-BRNTSor
- if the PDSCH is scheduledithout corresponding PDCCH transmission us8RfSConfig,

- the UE shall uséucsand Table 5.1.3:2 to determine the modulation ord€p,) and Target code rat&Y
used in the physical downlink shared channel.

elseif the UE is configured with the higher layer parammies Tablegiven bySPSConfig set to'qam64LowSE
- ifthe PDSCH is scheduled by a PDCCH with CRC scrambled bREE or
- if the PDSCH is scheduleslithout corresponding PDCCH transmission usgRfSConfig,

- the UE shall uséucsand Table 5.1.3-B to determine the modulation ord€,) and Target code rat&Y
used in the physical downlink shared channel.

else

- theUE shall uséucsand Table 5.1.3-1 to determine the modulation ord€).) and Target code rat®)f used
in the physical downlink shared channel.

end
The UE is not expected to decode a PDSCH scheduledRINTI, RA-RNTI, SI-RNTI andQm > 2

For a UE configured witFDMSchemeBand whert hUE is indicatedwvith two TCI states in aodepoint of the DCI
field 'Transmission Configuration Indicaticand DMRS port(s) within one CDM group in the DCI fiéldntenna
Port(s)', the determined modulation order of PDSCH transmission occasion associated with the fitateliSl s
applied to the PDSCH transmission occasion associated with the second TCI state.
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Table 5.1.3.1-1: MCS index table 1 for PDSCH

MCIS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
MCS Qm efficiency

0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 45234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved

30 4 reserved

31 6 reserved
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Table 5.1.3.1-2: MCS index table 2 for PDSCH

MCIS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
MCS Om efficiency

0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 45234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved

29 4 reserved

30 6 reserved

31 8 reserved
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Table 5.1.3.1-3: MCS index table 3 for PDSCH

MCIS Index | Modulation Order Target code Rate R x [1024] Spe_ctral

MCS Qm efficiency
0 2 30 0.0586
1 2 40 0.0781
2 2 50 0.0977
3 2 64 0.1250
4 2 78 0.1523
5 2 99 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 4 340 1.3281
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 6 438 2.5664
22 6 466 2.7305
23 6 517 3.0293
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 719 4.2129
28 6 772 4.5234
29 2 reserved
30 4 reserved
31 6 reserved

5.1.3.2 Transport block size determination

In case the higher layer paramataaxNrofCodeWordsScheduledByD&icates that two codeword transmission is
enabled, theone of the two transport blocksdisabled by DCI format 1_1 fics= 26 and ifrviq = 1for the

corresponding transport blodi.both transport blocks are enabled, transport block 1 and 2 greeti@o codeword 0

and 1 respectivelyf only one transport block is enabled, then the enabled transport block is always mapped to the first
codeword.

For the PDSCH assigned by a PDCCH with DCI format, fofonat1_1or format 1_2with CRC scrambled by -C
RNTI, MCS-C-RNTI, TC-RNTI, CSRNTI, or SI-RNTI, if Table 5.1.3.42 is usecand 0 ¢ |5 ¢ 27, or a table other

than Table 5.1.3:2 is usedand 0 ¢ |, ¢ 28, the UE shallexcept if tharansport block is disabled in DCI format
1_1 first determine the TB8s specified below

1) The UE shall first determine the number of RNgd| within the slot.
- A UE first determines the number of REs allocated for PDSCH within a RRR.{ by
Nge = NECB O\ISS;,‘mb— NS{}ES- Ng’hRB, whereNRB =12 is the number of subcarriers in a physical resource

block, Ng,]mb is the numbeof symbols of the PDSCH allocation within the sIiSRE, is the number of

REs for DMRS per PRB in the scheduled duration including the overhead of tiR®KDM groups
without data, atdicated by DCI format 1_ar format 1_2or as described for format 1_0 @lause5.1.6.2
and NFRB is the overhead configured by higher layer parameBeerheadn PDSCH ServingCellConfig

PRB
If the xOverheadn PDSCH ServingCellconfigs not configured (a value from 0, 6, 12, or 18), Ngh is
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set to 0If the PDSCH is scheduldny PDCCHwith a CRC scrambled b$I-RNTI, RA-RNTI, MsgB-RNTI
PRB .
or PRNTI, Noh is assumedbo beO.

- A UE determinsthe total number of REs allocated for PDSCMg) by N, = min(156,N'RE) 0.,
wherenpgrgis thetotal number of allocated PRBsr the UE.

2) Intermediate number of information b{fSin,) is obtained byN;,;, = Nge'RQpt/ -
If N0 ¢ 3824

Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of RS determination
end if
3) When N, ;, ¢ 3824, TBS is determined as follows

. . . . . ! a n éNinfo uo
- quantized intermediate number of information Bitg;, = MaXER42 & on 8. where
C € U=

n = max(3, 09 , (Ninro )i- 6).

- useTable 5.1.3.21 find the closest TBS that is not lebsan N;

info*

Table 5.1.3.2-1: TBS for N, ¢ 3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472

20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496
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4) When N;;, >3824, TBS is determined as follows.

' é‘ é-Nin o~ 24 C
- quantized intermediate number of information INg,, = Maxgz3840, 2 3f0Uﬂdaef2—n E where

¢

n=dog, (N, - 24)0- 5and ties in the round function are broken towards the next largest integer.

- if R¢1/4
eN. . +249 eN. . +249
TBS=8C 60 * 240 54 wherec =grnto * 24
6 8C 6 3816
else
if N, >8424
eN. . +24@ eN. . +249
TBS=8C "2 _~"3- 24, whereC =g =,
é 8C g é 8424 g
else
eN. . +249
TBS:S:N'““’ 24@- 24
6 8 o
end if
endif

else ifTable 5.1.3.42 is usechnd 28 ¢ | 5 ¢ 31,

- the TBS is assumed to be as determined fleaCI transported in the latest PDCCH for the same transport
block using0 ¢ 1,5 ¢ 27. If there is no PDCCHbr the same transport block usiog | s ¢ 27, and if

the initial PDSCHor the same transport blotk semipersistently scheduled, the TBS shall be determined
from the most recent sefpersistent schedulingssignmenPDCCH.

else

- the TBS is assumed to be as determined e Cl transported in the latest PDCCH for the same transport
block using0 ¢ 1,5 ¢ 28. If there is no PDCCHor the same transport block using |,,c5 ¢ 28, and if the

initial PDSCHfor the same transport blotk semipersistently scheduled, the TBS shall be determined from
the most recent serpiersistent schedulingssignmenPDCCH.

The UE is not expected to receive a PDSCH assigned by a PDCCH with CRC scramblRN® ®&ith a TBS
exceeding 2976 bits.

For a UE configured witirDMSchemeR n iddicatedwith two TCI states in aodepoint of the DCI field
'"TransmissiorConfiguration IndicatiorandDM-RS port(s) within one CDM group in the DCI fiéldntenna Port(s),
the TBS determination follows the stepg With the following modification in step & UE determines the total

number of REs allocated for PDSCMgg) by N_. = min (156,N'RE) 0,.., Wherenprsis thetotal number of

allocated PRBsorresponding to the first TCI statnd the determined TBS of PDSCH transmission occasion
associated with thiirst TCI state is also applied to the PDSCH transmission occasion associated with the second TCI
state

Forthe PDSCHassignedy a PDCCH withDCI format 1_0 withCRC scrambled bi?-RNTI, or RA-RNTI, MsgB-
RNTI, TBS determination follows the stepstiwith the following modification in step 2: a scaling
Ny, =S ®Le ROQ, O is applied in the calculation dfin, Where the scaling factor is determined based oiiEhe

scalingfield in the DCI as in Table 5.1.32
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Table 5.1.3.2-2: Scaling factor of Ninfo for P-RNTI, RA-RNTI and MsgB-RNTI

TB scaling field Scaling factor S
00 1
01 0.5
10 0.25
11

The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined aboveyspattédo higher
layers.

5.1.4 PDSCH resource mapping

When recei visncghetdhuel eRINFaCiHOh t 8 system i nfor mattihdeB 1 ndi c e
shall apsslsmeP BtClHatbl ock is transmitted in REs used by th

When recei visncghetdhuel eRINFaCiHdh t 8 system informati®A i ndice
RNTMsgBRNTLP-RNTITGEGRNTI t he UE assumes SS/ PBCH sbslbock transm
PositionsdmdBuirfstt he PDSCH r e sPPRIBsc ec cal 8 AoReBaid A gobnl ococvke rtl ragpnss
resources the WUHBPRBsaldomtssiumentgrhsd RBIC Hradbdeowmlade savail abl
PDSdHth the OFDM symbols where SS/PBCH block is transmit

A UE expects a configuration provided sstPositionsinBursin ServingCellConfigCommaio be same as a
configuration provided bgsbPositionsinBurstn SB1.

When receiving PDSCldcheduled by PDCCH with CRC scrambled bRRNTI, MCS-C-RNTI, CSRNTI, or

PDSCHs with SPSthe REs corresponding to the configured or dynamically indicated resour€istiss 5.1.4.7,

5.1.4.2 arenot available for PDSCH-urthermorethe UE assumes SS/PBCH block transmission accordisghbto
PositionsinBurstf the PDSCH resource allocation ovgrtawith PRBs containing SS/PBCH block transmission

resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for
PDSCH in the OFDM symbols where SS/PBCH block is transmitted

A UE is not expected to hdle the case where PDSCH BIRS REs are overlapping, even partially, with any RE)
available for PDSCH

5.14.1 PDSCH resource mapping with RB symbol level granularity

The procedures for PDSCétheduled by PDCCHith DCI format 1_1 described in thisauseequally apply to
PDSCHscheduled by PDCCHith DCI format 1_2, by applying the parametersaiEMatchPatternGroupl
ForDClFormatl 2, rateMatchPatternGroupForDCIFormatl_2instead ofateMatchPatternGroupand
rateMatchPatternGroup2

A UE may be configured with any of tii@lowing higher layer parameteisdicating REs declared as not available for
PDSCH

- rateMatchPatternToAddModLigiivenby PDSCHConfig, by ServingCellConfigr by
ServingCellConfigCommasndconfiguring up to /RateMatchPatterfs) per BWP and up to 4
RateMatchPattern()er servingcell. A RateMatchPattermay contain:

- within a BWP,when provided by?DSCHConfigor within a serving cellvhen provided by
ServingCdConfig or ServingCellConfigCommoa pair of reserved resourcegh numerologyprovided by
higher layer parametaubcarrierSpacig given byRateMatchPattermvhen configuregber serving celbr by
numerology ofassociate@WP when configured per BWHhe pair of reserved resourca® respectively
indicated by an RB level bitmap (higher layer paramegtsourceBlockgiven byRateMatchPatter) with
1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters
symbolsinRsourceBloclgiven byRateMatchPatteri) for which the reserved RBs apph.bit valueequal
to 1 in the RBand symbol level bitmaps indicates thfa corresponding resource is not available for
PDSCH.For each pair of RB and symbol level bitmaps, a UE may be configured with-dadimain pattern
(higher layer parametgeriodicityAndPatterrgiven byRateMatchPattern, where each bit of
periodicityAndPatterrcorrespondto a unit equal to a duration thfe symbol level bitmap, arabit value
equal to lindicakesthatthe pair is present in the unit. TheriodicityAndPatterrcan be {12, 4,5, 8, 10, 20
or 40} units long but maximunof 40ms.The first symbobf periodicityAndPatterrevery 40ms/P perdsis
a first symbol inframe& mod 4 = Q where P is the duration périodicityAndPatterrin units of msWhen
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periodicityAndPatterns not configured for a pair, f@a symbol level bitmappanning two slotghe bits of
thefirst and secondlots correspondespectivelyto evenand oddslotsof a radio frameand fora symbol

level bitmapspanning one slot, tHats of theslot correspond to every slot a radio frameThe pair can be
included in one or two groups of resource ¢bigher layer parameterateMatchPatternGroupdnd
rateMatchPatternGroup). TherateMatchPatternToAddModLigiven byServingCellConfigr
ServingCellConfigCommaronfiguration in numerologu applies only to PDSCH of the same numerology

W

- within a BWP, a frequency domain resource of a CORE&Hifigured byControlResourceSetith
controlResourceSetlor ControlResourceSetZeend time domain resource determined by the higher layer
parametersnonitoringSlotPeriodicityAndOffsedurationandmonitoringSymbolsWithinSlof all search
spacesetsconfigured bySearchSpacand time domain resource of seasgaceset zero configured by
searchSpaceZerassociated with the CORESES well as CORESEduration configured by
ControlResourceSetith controlResourceSetlar ControlResourceSetZerdhis resourcenot availableor
PDSCHcan be included in one or two groups of resource sets (higher layer parameters
rateMatchPatternGroupandrateMatchPatternGroupR

A configured groupateMatchPatternGroupbdr rateMatchPatternGroup contains dist of RB andsymbol level
resource set indes forming a union of resoursetsnot available for PDSCldynamically ifa corresponding biof the
Rate matching indicator field of DCI format 1_1 scheduling the PDB&dual to 1The REs corresponding the

union ofconfiguredRB-symbol levelresourceses thatarenot included in either ahetwo groups ar@ot available for
PDSCHscheduled by DCI format 1. When receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS
activated by DCI format 1_0, the REs correspondingonfigured resources mateMatchPatternGroupbr
rateMatchPatternGroupare not available for PDSCH.

For a bitmap pair included in one or two groups of resourcetBetglynamic indication of availability for PDSCH
applies to a set of slot(s) wheretiateMatchPatternToAddModLis& present among the slotsstheduledDSCH

If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non
interleaved CORESET spanning one OFDM symbol and if a detected PDCGHilsapehe PDSCH has aggregation
level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.

If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the
resoures corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PERSCH DM
are not available for the PDSCWhenprecoderGranularityconfigured in a CORESET where the PDCCH was
detected is equal @mllContiguousRBsthe associattPDCCH DMRS are DMRS in all REGs of the CORESET.
Otherwise, the associated DR are the DMRS in REGs of the PDCCH.

5.1.4.2 PDSCH resource mapping with RE level granularity

The procedures for PDSCétheduled by PDCCHith DCI format 1_1 described in thisauseequally apply to
PDSCHscheduled by PDCCMith DCI format 1_2, by applying the parameter@apériodicZP-CSIRS
ResourceSetsToAddModLBrDCIFormatl_2instead ofaperiodicZP-CSFRSResourceSetsToAddModList

A UE may be configured with any of the following higher layer parameters

- REs indicated byhe RateMatchingPatternLTHERSIn Ite-CRSToMatchAroundn ServingCellConfigr
ServingCellConfigCommaronfiguring common RS, in 15 kHz subcarrier spaeipglicable only to 15 kHz
subcarrier spacing PDSCH, of one LTE carrier in a servingaoeltleclared as not available for PDSCH

- REs indicated byrRateMatchingPatternLTHERSIN lte-CRSPatternListrl6 in ServingCellConfigconfiguring
common RS, in 15 kHsubcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE
carrier in a serving celire declared as not available for PDSCH

- EachRateMatchingPatternLTHERSconfiguration containg-Shiftconsisting of LTECRSvshift(s),nrofCRS
Portsconsisting of LTECRS antenna ports 1, 2 or 4 podatrierFreqDL representing theffset in units of 15
kHz subcarriez from (reference) point Ao theLTE carrier centre subcarrier locatiargrrierBandwidthDL
representing the LTE carrier bandwidth, and may also configbsfnSubframeConfigListepresenting
MBSFN subframe configuratio® UE determines the CRS position within the slot accordinglémse6.10.1.2
in [15, TS 36.21]1 where slot corresponds td'E subframe.

- If the UE configured byigher layemparametePDCCH-Configwith two different values of
CORESETPoolIndexin ControlResourceSetnd also configured by the higher layer paramet@&-CRS
PatternListrl6 in ServingCellConfigthefollowing REs are declared as not available for PDSCH
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- REs indicated bzRSPatternLisCORESETPoolIndefor a UE supporting the capability obgparatelte-
CRSToMatchAroungt

- REs indicated bZRSPatternListrl6 in ServingCellConfigor a UE not supporting the capability of
[separatelte-CRSToMatchAroundl

- Within a BWP, he UE can be configured with one or m@feCSI-RS resourcaetconfiguration(s¥or
aperiodic, sempersistent and periodic tirdomain behaviourghigher layer parameteapeaiodic-ZP-CSIRS
ResourceSetsToAddModL isp-ZP-CSFRSResourceSetsToAddModLastdp-ZP-CSFRSResourceSet
respectively comprised IRDSCHConfig), with each ZPCSI-RS resource set consisting of at mb&ZP CS}
RS resources (higher layer param@BsCSFRSResourcein numerology of the BWPThe REs indicated by-
ZP-CSHRSResourceSetre declared as not available for PDSTHe REs indicated bgp-ZP-CSFRS
ResourceSetsToAddModListdaperiodieZP-CSFRS ResourceSetsToAddModLiate declared as not
available for PDSCH when their triggering and activation are applied, respeciikielyollowing parameters
are configured via higher layer signalifay eachZP CSI-RS resource configuration:

- zpCSFRSResourceldn ZP-CSFRSResourcaletermineZP CSI-RS resource configuration identity.

- nrofPortsdefines the number of CRS ports, where the allowable values are giveblauser.4.1.5 of [4,
TS38.211].

- cdmTypedefines CDM values and pattern, where the allowable values are giGawise7.4.1.5 of [4, TS
38.211].

- resourceMappingjiven byZP-CSFRSResourcalefines he OFDM symbol and subcarrier occupancy of the
ZP-CSI-RS resource within a slot that are giverClause7.4.1.5 of [4, TS 38.211].

- periodicityAndOffsein ZP-CSFRSResourcalefines the ZRCSIRS periodicity and slot offset for
periodic/semipersistenZP-CSIRS.

The UEmay beconfigured with a DCI field for triggering the aperiodic-ZF5RS. A list of ZP-CSIRS

ResourceS&), provided by higher layer parametgeriodicZP-CSFRSResourceSetsToAddModListPDSCH
Config, is configured for aperiodic triggering. The maximum number of aper€li€SFRSResourceSE)

configured per BWP is 3. The Hiéngth of DCI fieldZP CSIRS triggerdepends on the number of aperiod:CSH
RSResourceS&)configured (up to 2 bits). Eacton-zero codepointf ZP CSIRS triggerin DCI format 1_1triggers
oneaperiodicZP-CSFRSResourceSet in the ligperiodicZP-CSFRSResourceSetsToAddModList indicating the
aperiodic ZP CSRS resource set ID. The DCI codepddt triggers the resource set with ZF5-RS-ResourceSetlds
=1, the DCI codepoini0 triggers the resource set with ZFS|-RS-ResourceSetlds 2, and the DCI codepoifitl
triggers he resource setith ZP-CSI-RS-ResourceSetlds 3. Codepoint00 is reserved for not triggering aperiodic ZP
CSIRS.When receiving PDSCH scheduled by DCI format 1_0 or PDSCHSs with SPS activated by DCI format 1_0, the
REs corresponding toonfigured resources eperiodicZP-CSFRSResourceSetsToAddModLastavailable for
PDSCH.

When the UE is configured witlmulti-slot and singleslot PDSCH scheduling, the triggered aperiodic ZP-RSlis
applied to all the slot(s) of the PDSGdheduéd by the PDCCH containing the trigger.

For a UE configured with list of ZP-CSFRSResourceS&) provided by higher layer parametsgrZP-CSIRS
ResourceSetsToAddModList

- whenthe UE would transmit a PUCCH witHARQ-ACK information in sloin corresponding to the PDSCH
carrying theactivation commandas described inlause6.1.3.19 of 10, TS 38.321]for ZP CSIRS resource(s),
the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mappspgreding
to the activated ZP CRS resource(s) shall be appligdrting fromthe first slot that is afteslot&

lol] " whereris the SCS configuration for the PUCCH

- whenthe UE would transmit a PUCCH witHARQ-ACK informationin slotn corresponding to the PDSCH
carrying thedeactivation commands described iolause6.1.3.19 off10, TS 38.321]for activated ZP CSRS
resource(s), the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE
mapping corresponding to the-detivated ZP CSRS resource(s) shall be appl&drting fromthe first slot that

is afterslote ol " wherernis the SCS configuration for the PUCCH
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5.1.5 Antenna ports quasi co-location

The UE can be configuredlith a list ofup toM TCI-Stateconfigurationswithin thehigher layemparametePDSCH

Configto decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell
where M depends on the UE capabilitpxNumberConfigured T ClstatesPer(achTClI-Statecontains parameters for
configuringa quasi celocation relationkip betweerone or two downlinkeference signals and the DRIS pors of the

PDSCH the DMRS port of PDCCH or the CRS port(s) of a CSRS resourceThe quasi cdocation relationship is
configured by the higher layer parametekTypéel for the first OL RS, andqcl-Type2 for thesecondDL RS (if

configured) For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are
to the same DL RS or different DL RSs. The quasiotation typs corresponding to each DL R&egiven bythe

higher layer parametegpcl-Typein QCL-Info and may take one of the followinglues

- 'QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
- 'QCL-TypeB: {Doppler shift, Doppler spread}

- 'QCL-TypeC: {Doppler shift average delay}

- 'QCL-TypeD: { Spatial Rxparameter}

The UE receivesraactivationcommand as described iolause6.1.3.14of [10, TS 38.321pr in clausg6.1.3.x] of [10,
TS 38.321)used to map up to 8 TCI states to the codepoints of the DCITieldsmission Configuration Indicatibn
in one CC/DL BWP or in a set of CCs/DL BWPs, respectivliien a set of TCétatelDs are activated for a set of
CCsDL BWPs, where the applicablistl of CCs isdetermined by indicated CC in the activation commainel same set
of TCl statelDs are applied for alDL BWPs in the indicated CCs

When a UE supports two TCI states in a codepoint of the DCITiedahsmission Configuration Indicatibthe UE
mayreceive a activationcommand as described iolause€6.1.3.X] of [10, TS 38.321]the activation command is
used to map up 8 combinations of one or two TCI stateshe codepoints of the DCI fieldiransmission
Configurationindicatior. The UE is not expected to receive more than 8 TCI states in the activation command.

When theUE would transmit a PUCCH witHARQ-ACK information in slotn corresponding to the PDSCH carrying

the activation command, the indicated mapping betwtCl states and codepoints of the DCI fidldansmission
Configuration Indicatiohshould be applied starting frothe first slot that is aftesloté a0 "® wheremis the

SCS configuration for the PUCCH tci-PresentInDClis set td'enabled or tci-PresentinDCIForFormatl_2is

configuredfor the CORESET scheduling the PDSCGHidthetime offset between the reception of the DL DCI and the
corresponding PDSCI4 equal to or greater thatimeDurationForQCLif applicable after a UE receivesn initial

higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the
DM-RS pors of PDSCH of a serving cell are quastlocated with theSS/PBCH blocldetermined in the initial access
procedurewith respect tdQCL-TypeA, and when applicable, also with resped@L-TypeD.

If a UE is configured with the higher layer paramétéiPresentinDClhatis set asenabledfor the CORESET
scheduling the PDSCH, the UE assumes that the TCI field is present in tlier®@l 1_1of the PDCCH transmitted

on the CORESETIf a UE is coffigured with the higher layer parametei-PresentinDCiForFormatl_2for the
CORESET scheduling the PDSCH, the UE assumes that the TCWftald DCI field size indicated bigi-
PresentinDCIForFormatl_2is present in the DObrmat 1_2of the PDCCH transmitted on the CORESHETthe
PDSCH is scheduled by a DCI formadt having the TCI field presergnd the time offset between the reception of the
DL DCI and the corresponding PDSCH is equal to or greater than a thrésmelirationFoQCL if applicable

where the threshold is bed on reported UE capability [13S 38.86], for determining PDSCH antenna port quasi co
location, the UE assumes that the TCI statthe QCL assumptiofor the PDSCH is identicab the TCI stater QCL
assunption whichever ispplied for the CORESET used for the PDCCH transmission.

If the PDSCH is scheduled by a DCI forrhawing the TCI field presenthe TCI field in DCI in the scheduling
component carrier points to the activated TCI states in the seftedoinponent carrier or DL BWHEe UE shall use

the TCI-Stateaccording to the value of thi€ransmission Configuration Indicatibfield in the detected PDCCH with
DCI for determining PDSCH antenna port quasiacation. The UE may assume that the IR8 pors of PDSCH of a
serving cell are quasi docated with the RS(s) in thECI statewith respect to the QCL type parameter(skegiby the
indicated TCI state if theme offset between the reception of the DL DCI and the corresponding PDSCH is equal to or
greater than a threshdfidneDurationForQCL. where the threshold sased on reported UE capabiliy3[ TS 38306].
When the UHs configured with a single slot PDSCH, the indicated TCI sataild be based on the activated TCI
states in the slot with the scheduled PDS®@Hien the UE is configured with a mu#tiot PDSCH, the indicated TCI
state should be based on the activat€tl States in the first slot with the scheduled PDSCH, and UE shall expect the
activated TCI states are the same across the slots with the scheduled RIZI®DHhe UE is configured with
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CORESET associated with a search space set for-capger scheduligand the UE is not configured with
[enableDefaultBeamForCE3Ihe UE expectti-PresentInbCl is set asenabledor tci-PresentinDCIForFormatl_2is
configuredfor the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the
search space set contaiR€L-TypeD, the UE expects the time offset between the reception of the detected PDCCH in
the search space set and the cooadmg PDSCH is larger than or equal to the threstimidDurationForQCL

Independent of the configuration tf-PresentinDClandtci-PresentinDCIForFormatl 2 in RRC connected modg

no TCI codepoints are mapped to two different TCI statekhe offetbetween the reception of the DL DCI and the
corresponding PDSCI4 less tharthe thresholdtimeDurationForQClL. the UE may assume that the ER& pors of
PDSCH of a serving cell are quastlozatedwith the RS(s) with respect to the QCL parametar¢gd for PDCCH
quasico-location indication othe CORESET associated with a monitored search spacéheitbwest
controlResourceSetlid the latest slot in which one or more CORESHthin the activeBWP of the serving celire
monitored bythe UE.In this case, if th&QCL-TypeD of the PDSCH DMRS is different fronthatof the PDCCH DM

RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCHdssociate
with that CORESET. This also applies to the ifiead CA casewhenPDSCH andhe CORESET are in different
component carrie)slf none of configured TCI statder the serving cell of scheduled PDSE€bhtainsQCL-TypeD,

the UE shall obtain the oth@CL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of
the time offset between the reception of the DL DCI and the corresponding PIISQHE configured by higher layer
parametePDCCHConfigthat contains two different va¢s of CORESEPoolindexin ControlResourceSgfor both
caseswhentci-PresentInDClis set toenabledandtci-PresentInDClis not configured in RRC connected mode, if the
offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold
timeDurationForQClL.the UE may assume that the BRS ports of PDSCH associated with a value of
CORESETPoollneikof a serving cell are quasi-ocated with the RS(s) with respect to the QCL parameter(s) used for
PDCCH quasi cdocation indication of the CORESET associated with a monitored search space with the lowest
CORESETID among CORESETS, which are configdingith the same value @ORESETPoolIndexs the PDCCH
scheduling that PDSCH, in the latest slot in which one or more CORESETSs associated with the same value of
CORESETPoolindeas the PDCCH scheduling that PDSCH within the active BWP of the servingecellomitored by

the UE.If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold
timeDurationForQCLand atleast one configured TCI states for the serving cell of scheduled PDSCH cadinéains
'QCL-TypeD, andat least one TCI codepoint indicates two TCI states, the UE may assume that-fR8 pdits of
PDSCH of a serving cell are quastiozated with the RS(s) with respect to the QCL parameter(s) associated with the
TCI states corresponding to the lowest qoalet among the TCI codepoints containing two different TCI states.

If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that
DCIl is on another component carraard the UE is configured witkefabledDedultBeamForCCB
- ThetimeDurationForQCLis determined based on the subcarrier spacing of the scheduledHPD$&bccH <
Mppscran additional timing dela@ is added to thémeDurationForQCL. whered is defined in
5.2.1.5.1al;

- For both the casewhenthe offset between the reception of the DL DCI and the corresponding PDSCH is less
than the thresholimeDurationForQCL.andwhentheDL DCI does not have the TCI field presgthie UE
obtains its QC assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable
to PDSCH in the active BWP of the scheduled.cell

ForaperiodicCSIRS resource in BZP-CSFRSResourceSetonfigured with highelayer parameters-Info, the UE
shallexpectthat a TCiState indicates one of the following quesilocation type(s)

- 'QCL-TypeC with anSS/PBCH blockand when applicableQCL-TypeD with the same&S/PBCH blockor

- 'QCL-TypeC with anSS/PBCH blak and when applicabléQCL-TypeD with a CStRS resource inreaNZP-
CSHFRSResourceSatonfigured with highetayer parameterepetition or

For an aperiodi€SI-RS resource in BZP-CSFRSResourceSetonfigured with highelayer parametetrs-Info, the

UE shallexpectthat aTCl-StateindicatesQCL-TypeA with a periodic CSRS resource in BZP-CSFRSResourceSet
configured with highetayer parameterrs-Info and when applicabléQCL-TypeD with the samegperiodic CSIRS
resource

Fora CSIRS resource in BZP-CSFRSResourceSetonfigured witlout higherlayer parametetrs-Info andwithout
thehigher layer paramster repetition the UEshallexpectthat aTClI-Stateindicatesone of the following quasi eo
location type(s):
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- 'QCL-TypeA with a CStRS resource in BZP-CSFRSResourceSatonfigured with higher layer parametes-
Info and, when applicabléQCL-TypeD with the same CSRS resource, or

- 'QCL-TypeA with aCSIFRSresourcen aNZP-CSFRSResourceSeatonfigured with highetayer parametetrs-
Info and when applicabléQCL-TypeD with anSS/PBCH block or

- 'QCL-TypeA with aCSIRSresourcen aNZP-CSFRSResourceSeatonfigured with highetayer parametetrs-
Info and when applicableQCL-TypeD with a CSIRS resource in BZP-CSFRSResourceSeatonfigured with
higherlayer parameterepetition or

- 'QCL-TypeB with a CSIRS resource in BZP-CSFRSResourceSeatonfigured with higher layer parametes-
Info when'QCL-TypeD is not applicable.

Fora CSIRS resource in BZP-CSFRSResourceSeatonfigured with highelayer parametetepetition,the UEshall
expectthat aTCl-Stateindicatesone of the following qasi celocation type(s):

- 'QCL-TypeA with aCSIFRSresourcen aNZP-CSFRSResourceSeatonfigured with highetayer parametetrs-
Info and when applicabléQCL-TypeD with the sameéCSI-RS resourceor

- 'QCL-TypeA with aCSI-RSresourcen aNZP-CSFRSResourceSatonfigured with highetayer parametetrs-
Info and when applicableéQCL-TypeD with a CSIRS resource in BZP-CSFRSResourceSatonfigured with
higherlayer parameterepetition or

- 'QCL-TypeC with anSS/PBCH blocland whenapplicable,QCL-TypeD with the samesS/PBCH block

For the DMRS of PBCCH, the UEshallexpectthat aTClI-Stateindicates one of the following quasi-tmcation
type(s):

- 'QCL-TypeA with a CSIRS resource in BZP-CSFRSResourceSatonfigured with highetayer parametetrs-
Info and, when applicabl&QCL-TypeD with the same CSRS resourcegr

- 'QCL-TypeA with a CSIRS resource in BZP-CSFRSResourceSatonfigured with higher layer parametes-
Info and,when applicableéQCL-TypeD with a CSIRS resource ian NZP-CSFRSResourceSeatonfigured
with higher layer parametegpetition or

- 'QCL-TypeA' with a CSHRS resource in BZP-CSFRSResourceSeatonfigured witlout higherlayer parameter
trs-Info and without higher layer parametepetitionand whenapplicable 'QCL-TypeD with the sameCSIRS
resource

For the DMRS of PDSCH, the UBhallexpectthat aTCl-Stateindicates one of the following quasi-tmcation
type(s):

- 'QCL-TypeA with a CSIRS resource in BZP-CSFRSResourceSatonfigured with highetayer parametetrs-
Info and when applicableQCL-TypeD with the same CSRS resourceor

- 'QCL-TypeA with a CStRS resource in BZP-CSFRSResourceSatonfigured with highetayer parametetrs-
Info and, when applicablé&QCL-TypeD with a CSIRS resource ian NZP-CSFRSResourceSatonfigured
with higher layer parameteepetitionor

- QCL-TypeA with aCSI-RS resource in BZP-CSFRSResourceSetonfigured without highelayer parameter
trs-Info and withouthigher layer parameteepetitionand when applicableQCL-TypeD with the sameCSFRS
resource.

5.1.6 UE procedure for receiving reference signals

5.1.6.1 CSI-RS reception procedure

The CSIRS defined irClause7.4.1.5 of [4, TS 38.211], may be usedtiore/frequency tracking, CSlomputation
L1-RSRP computatioand mobility.

For a CSIRS resource associated witiNZP-CSIFRSResourceSatith the higher layer parametapetitionset to'on),
the UEshallnot expect to be configuresith CSIRS over the symbols during whitthe UE is also cafigured to
monitor the CORESET, while for othBiZP-CSFRSResourceSeatonfigurationsjf the UEis configuredwith aCSI-RS
resourceandasearch space set associated WiBCGRESETin the same OFDM symbol(she UEmay assume thébe
CSIRS anda PDCQH DM-RS transmitted il the search space sets associated @HRESET are quasi docated
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with 'QCL-TypeD, if 'QCL-TypeD is applicableThis also applies to the case when &S and the CORESET are in
different inta-band component carriers, @CL-TypeD is applicableFurthermore, the UE shall not expect to be
configured with the CSRS in PRBs that overlap those of the CORE$Efhie OFDM symbols occupied by the search
space set(s)

The UE is not expected to receive &d8bandSIB1messagén the overlapping PRBs the OFDM symbols where
SIBlis transmitted

If the UE is configured with DRX,

- if the UE is configured to monitor DCI format 2_6 and configured by higher layer pandiia&t
Periodic_CSI_TransmitOrNpto report CSI with the higher layer parametgportConfigTypeset to'periodic
whendrx-onDurationTimelis not started, the most recent CSI measurement occasion occurs in DRX active time
or during the time duration inckited bydrx-onDurationTimeralso outside DRX active time for CSlI to be
reported;

- if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter[PS_Periodic_L1
RSRP_TransmitOrNot] to report ERSRP with the higher layer parar@ereportConfigTypeset to'periodic
andreportQuantityset to ciRSRP wherdrx-onDurationTimelis not started, the most recent CSI measurement
occasion occurs in DRX active time or during the time duration indicateldxdbynDurationTimeralso outside
DRX active time for CSl to be reported;

- otherwisethe most recent CSI measurement occasionrednltDRX active time for CSI to be reported.

5.1.6.1.1 CSI-RS for tracking

A UE in RRC connected mode is expected to receive the higher layer UE specific configuratitRESFRS
ResourceSeatonfigured withhigher layer parametérs-Info.

For aNZP-CSIRSResourceSeatonfigured with the higher layer parametierInfo, the UE shall assume the antenna
port with the same port index of the configured NZP-8Slresources in ttdZP-CSFRSResourceSeas the same.

- For frequency range 1, the UE maydmnfigured withone or more NZP CSRS set(s), wheraNZP-CSIRS
ResourceSatonsistf four periodicNZP CSIRS resources in two consecutive slots with pgaodic NZP
CSIRS resources in each slttno two consecutive slots are indicated as downlink slotsldyJL-DL-
ConfigurationrCommonor tdd-UL-DL-ConfigDedicatedthenthe UE may be configured with one or more NZP
CSIERS set(s), wheredZP-CSFRSResourceSatonsists of two periodic NZP CHS esources in one slot.

- For frequency range 2 the UE may be configured with or more NZP CSRS set(s), wheraNZP-CSIRS
ResourceSatonsistof two periodic CSIRS resources in one slot or wittiNZP-CSFRSResourceSaetf four
periodicNZP CSIRS resources in two consecutive slots with tperiodic NZPCSI-RS resources in each slot.

A UE configured withNZP-CSFRSResourceSet(gpnfigured with higher layer parametes-Info may have the CSlI
RS resources configured as:

- Periodic, with the CSRS resources in thBlZP-CSFRSResourceSetonfigured with same periodicity,
bandwidth and subcarrier location

- PeriodicCSIRS resource in one set and aperiodic-RSIresources in a second séth the aperiodic CSRS
and periodic CSRS resource havindpé same bandwidtfwith same RB locatiordnd the aperiodic CSRS
being'QCL-Type-A' and'QCL-TypeD, where applicable, with the periodic GRS resources:or frequency
range 2the UE does not expect that the scheduling offset betweetastsymbol of the PDCCH carryinipe
triggering DCI and the first symbol of the aperio@IRS resourceis smaller than the UE reported
ThresholdSche®ffset The UE shall expect that tiperiodicCSIRSresource set araperiodic CSIRS
resource sareconfigured with thesame number of CIRS resourceand with the same number of CRS
resources in a slofor the aperiodic CSRS resource set if triggered, and if the associated periodiRSSI
resource set is configured with four periodic &8 resoures with two consecutive slots with two periodic
CSI-RS resources in each slot, the higher layer pararapegiodicTriggeringOffseindicates the triggering
offset for the first slofor the first two CSIRS resources in the set

A UE does not expect to lmenfigured with &CSFReportConfighat is linked to &£ SFResource®nfig containing an
NZP-CSFRSResourceSatonfigured withtrs-Info and with theCSFReportConfigconfigured withthe higher layer
parametetimeRestrictionForChannelMeasuremesés to'configured
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A UE doesnot expect to be configured withCSFReportConfigwith the higher layer parametaportQuantityset to
other tharinoné for aperiodicNZP CSI-RS resource set configured witls-Info.

A UE does not expect to be configured witB&FReportConfigior periodic NZPCSI-RS resource set configured with
trs-Info.

A UE does not expect to be configured witNAP-CSFRSResourceSeatonfigured both withrs-Info andrepetition

Each CSIRS resourcedefined inClause7.4.1.53 of [4, TS 38.211]js configured by the highdayer parameteNZP-
CSFRSResourcavith the following restrictions:

- the timedomain locations of the two CHS resources in a s|air of the four CSRS resources in two
consecutive slotgvhich are thesame across two consecutive glogs defined by higher layer parame@St
RSresourceMappingis given by one of

- 1i {48}, 11 {59}, orli {610} for frequency range 1 and frequency range 2,
- i {o4}, i {ug}, 1i {26}, 11 {37}, 1i {712}, 1i {812} or 17 {913} for frequency range 2.

- asingle porCSI-RS resource with density =3 given by Table 7.4.1.8:1 from [4, TS 38.21]land higher
layer parametedensityconfigured byCSFRSResourceMapping

- the bandwidth of the CSRS resourcgas given by the higher layer paramétegBandconfigured byCSIRS
ResourceMappings the minimumof 52 and. P ée@ource blocksor is equal to - OE U ﬁe,_source blockd~or
operation with shared spectrum channel accfam;Bandconflgured byCSI-RSResourceMapplngs the
minimum of48and. °& Y fasource blocksor is equal to 9 £ § fasource blocks

- the UE is not expected to be configured with the periodicit 88 10 slots if thebandwidth of CSIRS
resource is larger than 52 resource blocks

- the periodicityand slot offsefor periodic NZP CSRS resourcesas given by the highdasyer parameter
periodicityAndOffsetonfigured ly NZP-CSFRSResourceis one of2"X p Slots wherex b= 10, 20, 40, or 80
and where [ is defined i@Blause4.3 of[4, TS 38.211].

- samepowerControlOffseandpowerControlOffsetS§iven byNZP-CSFRSResourcevalue across all resources
5.1.6.1.2 CSI-RS for L1-RSRP and L1-SINR computation

If a UE is configuredvith aNZP-CSFRSResourceSeatonfiguredwith the higheldayer parameterepetitionset to'on,
the UE may assume that the &S resources, described@auses.2.2.3.1, within thdNZP-CSFRSResourceSetre
transmitted with the same downlink spatial domain transmission filter, where tHRE®&Isources in the¢ZP-CSIRS
ResourceSedtre transmted in different OFDM symbols. Hepetitionis set tdoff', the UEshallnot assume that the
CSIRS resources within teZP-CSFRSResourceSedre transmitted with the same downlink spatial domain
transmission filter.

If the UE is configured with £SFReportConfigwith reportQuantityset to"cri-RSRP, "cri-SINR" or "noné' andif the
CSHResourceConfifpr channel measurement (higher layer paranressurcesForChannelMeasuremgaotntains a
NZP-CSFRSResourceSeéhat is configured with the higher layer parameggetitionand without the higher layer
parametetrs-Info,t he UE can onl yt hbee scaommell i nguunmb&fedvti #(ihteh hi gher | ayer
par amredfePfoorrtCsmaRI r e swoiutrhciens tHenlUEis coefiguredwith the CSIRS resource in the

same OFDM symboil(s) as an SS/PBCH block, the UE may assume that tR& @8t the SS/PBCH block are quasi
co-located withQCL-TypeD if 'QCL-TypeD is applicable. Furthermore, the $Rall not expect to be configured with

the CSIRS inPRBsthat overlapwith those of the SS/PBCH block, and the UE shall expect that the same subcarrier
spacing is used for both the GBS and the SS/PBCH block.

5.1.6.1.3 CSI-RS for mobility

If a UE is configuredwith the higher layer paramet€SFRSResourceMobility and the higher layer parameter
associatedSSB not configured, the UE shall perform measurements bas€$ERSResourceMobility andthe UE
may base the timing of the G8ISresource on the timing of the serving cell.

If a UE is configuredwith the higher layer parametedtSFRSResourceMobility andassociatedSSBhe UEmay base
the timing of the CSRS resource on the timing of the cell given bydhBld of the CSIRS resurce configuration.
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Additionally, for a given CSRS resource, if the associated SS/PBCH block is configured but not detected by the UE,
the UE is not required to monitor the corresponding-8Sl resourceThe higher layer parametsQuasiColocated
indicateswhether the associated SS/PBCH blgoken by theassociatedSS&nd the CSRS resource(s) amasi co
locatedwith respect to'QCL-TypeD].

If a UE is configured with the higher layer parame&@&t+RSResourceMobility and withperiodicity greatethan 10 ms
in paired spectrunthe UE may assume the absolute value of the time difference between radia bretween any
two cells listed in the configuration witthe higher layer paramet&SFERSCellMobility and withsamerefFreqCSt

RS is less than 153600,

If the UE is configured with DRX, the UE is not required to perform measurement éRE & sources other than
during the active time for measurements base@®FRSResourceMobility. Whenthe UE is configured to mitor

DCI format2_6, the UE is not requiredo perform measuremensher than during the active time and during the timer
duration indicated byrx-onDurationTimetbased orCSFRSResourceMobility.

If the UE is configured with DRX and DRX cycle in usdarger than 80 ms, the UE may not expect-BSlresources

are available other than during the active time for measurements baS&tRE8ResourceMobility. If the UE is
configured with DRX and configured to monitor DCI format 2_6 and DRX cycle inisuseger than 80ms, the UE

may not expect that the GRIS resources are available other than during the active time and during the time duration
indicated bydrx-onDurationTimerfor measurements based 68FRSResourceMobility. Otherwise, the UE may

assime CSIRS are available for measurements base@®FRSResourceMobility.

A UE configured with the higher layer paramet€S8IRSResourceMobility may expect to be configured

- with no more than 96 CRS resourceper higher layer parametbteasObjectNRvhen all CSIRS resources
configured by the same higher layer paramBteasObjectNRave been configured witissociatedSSBr,

- with no more than 64 CSRS resources pdéiigher layer parametéieasObjectNRvhen all CSIRS resources
have been configured withoassociatedSS8r whenonly some of the CSRRS resources have been configured
with associatedSSBy the same higher layer parameigasObjectNR

- For frequency rangetheassociatedSSB optionally present for each CBIS resource

- For frequency range 2 tlassociatedSSB either present for all configured GBE resources or not present
for any configured CSRS resourc@erhigher layer parametéieasObjectNR

For any CSIRS resource configuratiothe UE shall assume that the value for paramedier Typeis 'noCDM’, and
there is only one antenna port.

5.1.6.2 DM-RS reception procedure

The DM-RS reception procedures for PDSGtheduled by PDCCHmith DCI format 1_1 described in thisause
equally apply to PDSCldcheduled by PDCCHith DCI format 1_2, by applying theapameters ofimrs
DownlinkForPDSCHMappingTypeAForDCIFormatl_2anddmrsDownlinkForPDSCHMappingTypeB
ForDClFormatl_Zinstead ofdmrsDownlinkForPDSCHMappingTypefanddmrsDownlinkForPDSCH
MappingTypeB

When receiving PDGSICH cratradcudi edd nlgy PDSCH bef ore dedicate
of any of ¢t mheAdplad rtd mentadgarRsh eannydint¥hsy ptehe s bR | tehsatem®DSCH i s
not present i n aMREexsgeambto!f crarRFSGH WM h al |l ocation dur ¢
mapping typecBatUdestrib2dof nhdidnsgySelide8ld ta B PR SO f
configurati oS tpyopret 11 OoOnOa bDiks tthraatn sagiltottehde,o g emmali na mt enna |
associated with transmiasigflhoadoift P®OSCH to another UE

- For PDSCH with mapping type A, the UE shall assutmesAdditionalPositior'pos2 and up to two additional
singlesymbolDM-RS presenin a slotaccording to the PDSCH duration indicated in the BEtefined in
Clauser.4.1.1 of [4, TS 38.211], and

- For PDSCH with allocation duration of 7 symb#ids normal CP or 6 symbols for extended @h mapping
type B, the UE shall assume one itiddal singlesymbolDM-RS present irthe 5thor 6" symbolwhen the
front-loaded DMRS symbol is in theslor 2@ symbol respectivelpf the PDSCHallocationduration otherwise
the UE shall assume that the additional {R8 symbol is not preserand
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- For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume dhditional
DM-RSare present, and

- For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume aldditional
DM-RSare presnt and the UE shall assume that the PDSCH is present in the symbol carryiREDM

When receiving PDSCH scheduled BZI format 1_1 byPDCCH with CRC scrambled by-RNTI, MC SC-R N T dr ,
CSRNTI,

- the UE may beonfigured withthe highelayer parametedimrs Type andthe configuredM-RSconfiguration
type is used foreceivingPDSCHin as defined irClause7.4.1.1 of [4, TS 38.211]

- theUE may be configured with the maximum number of frlmatded DMRS symbols for PDSCH by higher
layerparametemaxLengttgiven byDMRSDownlinkConfig.

- if maxLengths setto 'lenl, singlesymbol DM-RS can be scheduled for the UE by DCI, and the UE can be
configured with a number of additional DRIS for PDSCH by highdayer parametedmrs
AdditionalPositionwhich can beset to'pod’, 'posl’, 'po’ or 'pos3'.

- if maxLengths setto 'len2, both singlesymbol DMRS and double symbol DIRS can be scheduled for the
UE by DCI, and the UE can be configured with a numbexdalfitional DMRS for PDSCH by highdayer
parametedmrsAdditionalPositionwhich can beset to'po<’ or 'posl'.

- and the UE shall assume to receive additionatR$as specified in Table 7.4.1.1.32nd Table 7.4.1.1-2
as described i€lause7.4.1.12 of [4, TS 38.211].

For the UEspecific reference signals generation as definétlanse7.4.1.1 of [4, TS 38.211], a UE can be configured
by higher layers with one or two scrambling identityés%@J "™ = 0,1 which are the same for both RT}$ mapping
Type A and Type B.

AUE may be

schedul ed®RSwip D bymbée ahtBMna port index
Cladssdd. 1.2 of [5 TS 38

hta
' . 2127 .
For -®ODM configuration type 1,

- ifa UE is scheduled with orewdeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11
or 30} in Table 7.31.2.2-1 and Table 7.3.1.2-2 of Clause7.3.1.2 of [5, TS 38.212], or

- if a UE is scheduled with two codewords,

the UE may assumeothhbvgahbl|ltheteemai ponggs are not asso
anot her UE.

For -DPM conf i guration type 2,

- if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or
23} in Table 7.31.2.2-3 and Table 7.3.1.2.24 of Clause7.3.1.2 of [5, TS38.212], or

- if a UE is scheduled with two codewords,

the UE may assume that all the remaining orthogonal an
anot her UE

I f a@aeWdEiving RDODMNAH gur ed wi t h pthhae ehlir gi iRkvi RrBgeRySelr i mkaC amfeit ¢
themdF assume that the f 6ddouwdinigodctoanrfe guwyalay i fomrs talre me

- anyDM-RSports among 1064007 or 10061011 for DM-RS configurations type 1 and type 2, respectively are
scheduled for the UE and the other UE(s) sharing theREBVRES on the same CDM group(s), and

- PT-RS is transmitted to the UE

The UE is not expected to simultaneously be configured with the maximum number db&ded DMRS symbols
for PDSCH by higher layer parametaaxLengttbeing seequal tolen2' and more than one additional BRIS symbol
as given by the higher layer paraterdmrsAdditionalPosition
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The UE is not expected to assumescheduled UE(s) with different DNRS configuration with respect to the actual
number of frorMoaded DMRS symbol(s), thactualnumber of additional DMRS, the DMRS symbolocation, and
DM-RS configuration type as describeddlauser.4.1.1 of [4, TS 38.211].

The UE does not expect the precoding of the potentiatbeduled UE(S) in other DIRS ports of the same CDM
group to be different in the PRIBvel grid configuredd this UE with PRG =2 or 4.

The UE does not expect the resource allocation of the potenti@hemluled UE(S) in other DIRS ports of the same
CDM group to be misaligned in the PR&vel grid to this UE with PRG=2 or 4.

When receiving PISCH osotad & ulk Hld | kyhaeBsume that the CDM g
configured isdd8x-LTR28maa2dp®r72324.@f 2[5, TS. 38.212] con
schedul ed ReSwmrlnidnlkar@Mnot us evthefle® achatfao rt rtahnes nmmi tRr8hi eorn , o f
CDM group(s¥) 3i-iyZarag232372324.@f 2[5, TS. 38.212] <corre
{0,121}y, {0,1,2}, respectively.

When receiving PDSCH schedsuhald bas sbuChe fiRi8em@idMnily é0g u g fh eD N
without data is 1 which corresponds to CDM group O for
t he UE shalll assumBSt EBM gheupemivet hotit DMabtMa girso uzp wWhoi, cl
for all ot her cases.

The UE is aoteeegpeetPDBDSECWhschednotdi agt ®€1 CDM gRSo uppo(rst)s w
which overlap witls armpouornfilgygrdadrCsShat UE

I f the UE r-B8efoesPBBESBBMPB8CH bl ock in the same OFDM s
assume t HaSt atnlde SIBM PBCH -bboeak oty pehTitTycpoe B appl i cabl e
Furthermore, the UE sHR&lIIli nnotesoupectpetl @ mmaceasiokf e abid o 6 8/
bl ock, and the UE can expect that the samRe& @amdd iSfSf/ €rBeCH
bl ock in a CC excemthefrer otnHeg adadd eacfenz4 Gukbkdarri er spac

If a UEis corfigured bythehigher layemparametePDCCH-Configthat contains two different values of
CORESEPoolIndexin ControlResourceSgthe UE may be scheduled with fultyr partially overlappingPDSCHsin
thetime and frequency domain by multiple PDCCHs with followingrestrictions
- the UE is not expected to assume different-B8 configuration with respect tbeactual number of front
loaded DMRS symboil(s), thactual number of additional DS symbolE), the actual DMRS symbol
location, andDM-RS configuration type.

- the UEis notexpecedto assum@®M-RS ports in a CDM group indicatdéy two TCI states.

When a UE i swithra®dClthat®dlifietddaime dbmain resource assignmendicating an entry irpdsch
TimeDomainAllocationListwhich contairRepNumR1é PDSCHTimeDomainResourceAllocati@andi t indicated
with two TCI states in aodepoint of the DCI fieldTransmission Configuration Indicatiband DM-RS port(s) within
two CDM group in the DCI field AntennaPort(s)',

- the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port
indication table, and the second TCitstcorresponds to the other CDIvbgp.

5.1.6.3 PT-RS reception procedure

A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency,
for each subcarrier spacing applicable to data channel at this carrier frequency, assum@§ thble with the
maximum ModilationOrder as it reported to support.

If a UE is configured with the higher layer parametieaseTrackingR# DMRSDownlinkConfig

- the higher layer parametdimeDensityandfrequencyDensitin PTRSDownlinkConfigindicate the threshold
valuesptrs-MCS, i=1,2,3 and\rs, , i=0,1, as shown in Tabke1.6.31 and Table 5.1.6-3, respectively.

- if either or both ofhe additional higher layer parametémeDensityandfrequencyDensitgre configuredand
the RNTI equal$1CS-C-RNTI, C-RNTI or CSRNTI, the UEshallassume the PRS antenna pdmpresence
and patternis a function of the corresponding scheduled M@ &he corresponding codewoathd scheduled
bandwidth in orresponding bandwidth part as shown in Table6®341 and Table 5.5.3-2,

- if the higherlayer parametetimeDensitygiven byPTRSDownlinkConfigis not configured, the UEhall
assumépr.rs= 1.
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- if the higheldayer parameteirequencyDensitgiven byPTRSDownlinkConfigis not configured, the UE
shallassumeépr.rs= 2.

- otherwiseif neither of the additional higher layer parametareeDensityandfrequencyDensitgre configured
and the RNTI equalBICS-C-RNTI, C-RNTI or CSRNTI, the UE shall assume the HRIS is presenwith Lprrs
= 1,Kprrs= 2, andthe UE shall assume FRS is not present when

the scheduled MCS from Table 5.1-3.1s smaller than 10, or
the scheduled MCS from Table 5.1-21s smaller than 5, or

the scheduled MCS from Table 5.1-31s smaller tharl5, or

the number of scheduled RBs is smaller thaor 3,

- otherwiseif the RNTI equals RARNTI, [MsgB-RNTI], SI-RNTI, or RRNTI, theUE shall assume RRS is not
present

Table 5.1.6.3-1: Time density of PT-RS as a function of scheduled MCS

Schedul ed MCS Ti me dehps st y

IMcs<  p-MECS PTRS is not p
pt-MESHE lucs< pMES?2 4
pt-MESH lucs<  p-MES3 2
1

pt-MESS lucs< pMES4

Table 5.1.6.3-2: Frequency density of PT-RS as a function of scheduled bandwidth

Scheduled band Frequency Wmrgei

NrB< NrRBO PTRS S not p 1

i
NRBO¢ NrB< NrB1 2
4

NR51¢ NRr B

If a UE isnotconfigured with the higher layer paramgbaseTrackingR# DMRSDownlinkConfig the UE assumes
PT-RS is not present.

The higher layeparametePTRSDownlinkConfigprovides the parameteptrs-MCS, i=1,2,3andwith values in range
0-29 whenMCS Table 5.1.31 or MCS Table 5.1.3-Bisusedand 0628 when MCS Table 5.1.32isused,
respectivelyptrs-MCS4is not explicitly configured by higher layers but assumewB8nMCS Table 5.1.341 or
MCS Table 5.1.3-Bisusedand 28 when MCS Table 5.1.2lisused respectively. The highdayer parameter
frequencyDensitin PTRSDownlinkConfigprovides the parameteliggii=0,1with values in range-276.

If the higherlayer parametdP TRSDownlinkConfigindicates that théme densitythresholdtrs-MCS = ptrsMCS.,
then the time densityprrs0Of the associated row where both these thresholds appear in Tabl& 5.5 disabled. If
the highelayer parameteP TRSDownlinkConfigindicates that thérequency densitthresholdS\Nre = Nra +1, then the
frequency desity Kprrsof the associated row where both these thresholds appear in Tabl8-8.i& disabled.

If eitheror bothof the parameters PRS time densityl(pr.r9 andPT-RSfrequency densitypr.rg9, shown in Table
5.16.3-1 and Table 5.6.3-2, indicates thatPT-RS not presehtthe UE shall assume that RS is not present.

When the UE is receiving a PDSCH with allocation duration of 2 symbols as deficdalise7.4.1.1.2 of [4, TS
38.211]and ifLprrsis set to 2 or 4, the UE shall assumef®S is not transmitted.

When the UE is receiving a PDSCH with allocation duration of 4 synamlsfLprrsis set to 4, the UE shall assume
PT-RS is not transmitted.

When a UE is receiving PDSCH for retransmissi the UE is scheduled witn MCS index greater thafy where
V=28 for MCS Table 5.1.3.11 and Table 5.1.3-B,andV=27 for MCSTable 5.1.3.12 respectively, the MCS fdahe
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PT-RS timedensity determinatiois obtainedfrom the DCI received for thesame transport blodk the initial
transmissionwhich is smaller than or equal to V.

The DL DM-RS port(s) associated wigPT-RS port are assumed to be quaslazated with respect toQCL-TypeA
and'QCL-TypeD}.If a UE is scheduled with one codewpthe PTRS antenna port is associated with the kstwe
indexed DMRS antenna port among the BDRB antenna ports assigned for the PDSCH

If a UE is scheduled with two codewords, theRS antenna port is associated with the ketirelexed DMRS

antenna pdramong the DMRS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of
the two codewords are the same, theRS antenna port is associated with the lowest indexeeR3Mintenna port
assigned focodeword 0

When a UE i aithra®Cl thatD@lifietddaime dbmain resource assignmienticating an entry ipdsch
TimeDomainAllocationLiswhich contairRepNumR1é PDSCHTimeDomainResourceAllocatipand if the UHs
configured withthe highedayer parametemaxNrofPortequal ton2, andift he UBdi wat Bdt wo TCI
the codepoints of the DCI field@ransmission Configuration Indicatiband DMRS port(s) within two CDM group in

the DCI field"AntennaPort(s)', the UE shall receive two PRS ports which are associated to the lowest indexed DM
RS port among the DARS portscorrespondingdo the firstsecondndicated TCI staterespectively.

When a UE beyohhdi igdhemr e d a yReerp S ehreamseeth'&8DM$Schemefor 'FDMSchemeBand
t hUE is indicatedvith two TCI states in @odepoint of the DCI fieldTransmission Configuration Indicaticand
DM-RS port(s) within one CDM group in the DCI fiéldntenna Port(s), the UE shall receive a single PRS port
whichis associated with the lowdEndexed DMRS antenna port among the BIRS antenna por@ssigned for the
PDSCH aPT-RS frequency dengi is determined by the number of PRBs associated to each TCI state, aiRisa PT
resource element mapping is associated to the allocated PRBs for each TCI state.

5.1.6.4 SRS reception procedure for CLI

The SRS resources definedGrause6.4.1.4 of [4, TS 38.211] may be configured for SIRSRP measurement for CLI,
as defined irClause5.1.19 of [7, TS 38.215]The UE is not expected to measure SRERP with a subcarrier spacing
other than the one configured for the active BWP confinieg3RS resourcdhe UE is not expected to measure more
than 32 SRS resources, and the UE is not expected to receive more than 8 SRS resources in a slot.

5.1.6.5 PRS reception procedure

The UEcan be configured with one or more DL PRS resource set cortfiguis) as indicated by the higher layer
parameter®L-PRSResourceSetndDL-PRSResourceEach DL PRS resource set consists 6f OL PRS

resource(s) where each has an associated spatial transmissiofHét&iE can be configured with one or more DL
PRS Positioning Frequency Layer configuration(s) as indicated by the higher layer pai2mBfR6
PositioningFrequencyLayeA DL PRS Positioning Frequency Layer is defined as a collection of DL PRS Resource
Sets which have common parameters configureDIbyPRSPositioningFrequencyLayer

st

The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters

DL-PRSPositioningFrequencyLayebDL-PRSResourceSetndDL-PRSResource
A positioning frequency layer oagists of one or more PRS resource sets and it is defined by:

- DL-PRSSubcarrierSpacinglefines the subcarrier spacing for the DL PRS resource. All DL PRS Resources and
DL PRS Resource sets in the sameBRSPositioningFrequencylLayer have the same vafuelL-PRS
SubcarrierSpacingThe supported values of BRRSSubcarrierSpacing are given in Table-4.8f [4,

TS38.211].

- DL-PRSCyclicPrefixdefines the cyclic prefix for the DL PRS resource. All DL PRS Resources and DL PRS
Resource sets in the same-BRSPositioningFrequencyLayer have the same valuelLePRSCyclicPrefix.
The supported values BfL-PRSCyclicPrefixare given in Table 4:2 o [4, TS38.211].

- DL-PRSPointAdefines the bsolute frequency of the reference resource block. Its lowest subcarrier is also
known as Point A. All DL PR®esources belonging to the same DL PRS Resource Set have common Point A
and all DL PRS Resources sételonging to the same ERRSPositioningFrequencylLayer have a common
Point A.

The UE expects that it will be configured with [IDs] each of which is defined such that it is associated with multiple DL

PRS Resource Sets from the same cell. The UE exettsrie of these [IDs] along withld_-PRSResourceSetldnd
aDL-PRSResourceldtan be used to uniquely identify a DL PRS Resource.
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A DL PRS resource set consists of one or ntePRS resources and it is defined by:

DL-PRSResourceSetldefines the idntity of the DL PRS resource set configuration.

DL-PRSPeriodicity defines the DL PRS resource periodicity and takes valj&s§

¢ thohyfp fp ¢ fio &t fip Ty fp ofo chp T ¢ Pgw gurp ot ¢ T Tslots, wheré  Tifphc o for
DL-PRSSubcarrierSpacing15, 30, 60 and 120kHz respectiveil the DL PRS resources within oftd. PRS
resource set are configured with the sd@hePRSperiodicity.

DL-PRSResourceRepetitionFactdefines how many times gag@ RS resource is repeated for a single

instance of the DIPRS resource set and takes vali@g$ plthiphiip ¢ ¢,. All the DL PRS resources
within one resource set have the s@ResourceRepetitionFactor

DL-PRSResourceimeGapdefines the offset in number of slots between two repeated instances of a DL PRS
resource with the sanigl -PRSResourcelDwithin a single instance of the DL PRS resource set and takes
values€ 2§ pltithiip g ¢. The UE only expects to be configarwithDL-PRSResource TimeGaip DL-
PRSResourceRepetitionFacts configured with value greater than 1. The time duration spanned by one
instance of DL-PRSResourceSas not expected to exceed the configured valuglePRSPeriodicity. All

the DL PRS resources within one resource set have the BArftRSResourceTimeGap.

DL-PRSMutingPatterndefines a bitmap of the time locations where the DL PRS resource is expected to not be
transmitted for a DL PRS resource set. The bitmap size can beg23,416, 32} bits long. The bitmap has two
options for applicability. In the first option each bit in the bitmap corresponds to a configurable mpuovided

by higher layer paramet®L-PRS.MutingBitRepetitionFactaf consecutive instances obd-PRS
Re®ourceSetwhere all theDL-PRSResourcesvithin the set are muted for the instance that is indicated to be
muted. In the second option each bit in the bitmap corresponds to a single repetition index for eddh-of the
PRSResourcesvithin each instance of BL-PRSResourceSetnd the length of the bitmap is equaDb-PRS
ResourceRepetitionFactdBoth options may be configured at the same time in which case the logical AND
operation is applied to the bit maps as described in clause 7.4.1.7.4 0f3&,213].

DL-PRSSFNQOffsetdefines the time offset of the SFNO slot O for the transmitting cell with respect to SFNO
slot 0 of [FFS in RAN2].

DL-PRSResourceSetSlotOffsdgfines the slot offset with respect to SFNO slot 0 and takes Valuied¥ 4 o
Tipf8 KL p

DL-PRSCombSizeNlefines the comb size of a DL PRS resource where the allowable values are @laars@
7.4.1.7.1 of [TS38.211]All DL PRS resource sets belonging to the same positioning frequency layer have the
same value obL-PRS-combSizeN

DL-PRSResourceBandwidttiefines the number of resource blocks configured for PRS transmission. The
parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All DL PRS
resources sets within a positioningguency layer have the same valudafPRSResourceBandwidth

DL-PRSStartPRBdefines the starting PRB index of the DL PRS resource with respect to reference,Point A
wherereference Bint A is given by the highdiayer parameteDL-PRSPointA Thestarting PRB index has a
granularity of one PRB with a minimum value of 0 and a maximum value of 2176 RRB4. PRS Resource
Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB

A DL PRS resource is defined by:

DL-PRSResourcelListletermines the DL PRS resources that are contained within one DL PRS resource set.

DL-PRSResourceldietermines the DL PRS resource configuration identity. All DL PRS resource IDs are
locally defined within a DL PRS resource set.

DL-PRSSequenceliks used tdnitialize Gnit value used in pseudo random generagom538.211,7.4.1.7.2 for
generation of DL PRS sequerfoe a given DL PRSesource

DL-PRSReOffsetlefines the starting RE offset of the first symbol within a DL P&®urce in frequency. The
relative RE offsets of the remaining symbols within a DL PRS resource are defined based on the initial offset
and the rule described @lause7.4.1.7.3 of [4, TS38.211].
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- DL-PRSResourceSlotOffseietermines the starting slot the DL PRS resourogith respect to corresponding
DL-PRSResourceSetSlotOffset

- DL-PRSResourceSymbolOffsg¢termines the starting symbol of the DL PRS resource within the starting slot.

- DL-PRSNumSymboldefines the number of symbols of the DL Rsource within a slot where the allowable
values are given i€lause7.4.1.7.1 of [4, TS38.211].

- DL-PRSQCL-Info defines any quasiolocation information of the DL PRS resource with other reference
signals. The DL PRS may be configured td@€EL-Type-D' with a DL PRS or SS/PBCH Block from a serving
cell or a norserving cell. The DL PRS may be configured to@€L-Type-C' with a SS/PBCH Block from a
serving or norserving cell. If the DL PRS is configured as b@ICL-Type-C' and'QCL-Type-D' with a
SS/PBCH Block then the SSB index indicated should be the same.

The UE assumes constant EPRE is used for all REs of a given DL PRS resource.

The UE may be indicated by the network that a DL PRS resources can be used as the refererge RBTH2 DL
PRSRSRP, and UE RXx time differencaneasuremesin a higher layer parametBIL-PRSRstdReferencelnfdhe
reference time indicated by the network to the UE can also be used by the UE to determine how to apply higher layer
parameters DIPRSexpecte®STD and DLPRSexpectedRSTEuncertainty. The UE expects the reference time to be
indicated whenever it is expected to receive the DL ARB. reference time provided IBL-PRSRstdReferencelnfo

may include an [ID], a PRS resource set ID, and optionaipgle PRS resource ID or a list of PRS resource The

UE may use different DL PRS resources or a different DL PRS resource set to determine the reference time for the
RSTD measurement as long as the condition that the DL PRS resources used betimgjédd. PRS resource set is

met. If the UE chooses to use a different reference time than indicated by the network, then it is expectedh® report
[ID], the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the reference.

The UEmay be configured to report quality metrics corresponding to the RSTD and {Jk &®re difference
measurements which include the following fields:

- TimingMeasQualityvaluewhich provides the best estimate of the uncertainty of the measurement
- TimingMea&Quality-Resolutionwhich specifies the resolution levels used in the Value field

The UE expects to be configured with higher layer paranidtdPRSexpectedRSTRvhich defines the time difference
with respect to the received DL subframe timing the UKjseeted to receive DL PR8ndDL-PRSexpectedRSTD
uncertainty which defines a search window around the expectedRSTD.

For DL UE positioning measurement reporting in higher layer paranigtePRSRstdMeasurementinfo or BRRS
UE-RxTx-Measurementinfthe UE can be configured to report the DL PRS resource ID(s) or the DL PRS resource set
ID(s) associated with the DL PRS resource(s) or the DL PRS resource set(s) which are used in determining the UE
measurements DL RSTD, UE “Bx time difference or the DL PRBSRP.

The UE can be configured in higher layer paramegeiRxTx TimeMeasRequestinftw report multiple UE RXTX

time difference measurements corresponding to a single configured SRS resource or resource set for positioning. Each
measurement corresponmsa single received DL PRS resource or resource set which can be in difference positioning
frequency layers.

For the DL RSTD, DL PRRSRP, and UE RXx time difference measurements the UE can report an associated
higher layer parametdimestampTheTimestampgan include the SFN and the slot number for a subcarrier spacing.
These values correspond to the reference which is providBi HBRSRSTDReferencelnfo

The UE is expected to measure the DL PRS resource outside the active DL BWP or withaagyndfferent from

the numerology of the active DL BWP if the measurement is made during a configured measurement gap. When not
configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with
the same numelagy as the active DL BWRNhen the UE is expected to measure the DL PRS resource outside the
active DL BWP it may request a measurement gap in higher layer paraké#r [

The UE assumes that the DL PR&m the serving celk not mapped to any symhlat contains SS/PBCblock from
the serving celllf the time frequency location of the SS/PBCH block transmissions frors@&ming cells are provided
to the UE then the UE also assumes that the DL firRdR® a nonserving cellis not mapped to any symbtblat contains
the SS/PBCH block of theamenonserving cell.

The UE may be configured to report, subject to UE capability, up to 4 DL RSTD measurements per pair of cells with
each measurement between a different pair of DL PRS resources or DL PRSerestaureithin the DL PRS
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configured for those cells. The up to 4 measurements being performed on the same pair of cells and all DL RSTD
measurements in the same report use a single reference timing.

The UE may be configured to measure and report up tb BES RSRP measurements on different DL PRS resources
from the same cell. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may
indicate which DL PRS RSRP measurements have been performed using the same spatial dofioairetiption.

If the UE is configured witlDL-PRSQCL-Info and the QCL relation is between two DL PRS resources, then the UE
assumes those DL PRS resources are from the same BeHPRSQCL-Info is configured to the UE witlQCL-Type-

D' with a sourceDL-PRSResource then theL-PRSResourceSetldnd theDL-PRSResroucelaf the source DL
PRSResource are expected to be indicated to the UE.

The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are
transmited to the UE when there is no measurement gap configured to the UE.

5.1.7 Code block group based PDSCH transmission

5.1.7.1 UE procedure for grouping of code blocks to code block groups

If a UE is configured to receive code block group (CBG) based trasismésby receiving the higher layer parameter
codeBlockGroupTransmissidar PDSCH, the UE shall determine the number of CBGstfanaport block reception
as

M =min(N,C),

whereN is the maximum number of CBGs per transport block as configured by
maxCodeBlockGroupsPerTransportBldok PDSCH, andC is the number of code blocks in ttransport block
according to the procedure defineddlauser.2.3 of [5, TS 38.212]

Define M; =mod(C,M), K, = eC o 4ng K, = éCu

emt’ em H

If M; >0,CBGm, m=01,...,M, - 1, consists of code blocks with indicesdX, +k,k =01,...,K, - 1. CBGm,
m=M,,M, +1...,M - 1, consists of code blocks with indices, &, +(m- M, )&, +k,k =01...,K, - 1.

5.1.7.2 UE procedure for receiving code block group based transmissions

If a UE is configured to receive code block grdagsedransmissions byeceivingthe higher layer parameter
codeBlockGoupTransmissiofor PDSCH,

- The CBG transmission information (CBGTigld of DCI format 1_1 is of length Q) bits, where) is the
value of the higher layer parameteaxNrofCodeWordsScheduledByDEIG ¢ the CBGTI field bits are
mapped such that the first setlofbits starting from the MSB corresponds to the first TB while the second set of
0 bits correspondt a second TRf scheduledThe firstM bits of each set af bits in the CBGTI field hae
an inorder oneto-one mapping with thi1 CBGs of the TB, with the MSB mapped to CBG#O.

- For initial transmission of a TB as indicated by Mew Data Indicatofield of the scheduling DCI, the UE may
assume that all the code block groapshe TBarepresent.

- For a retransmission of a TB as indicated byNke Data Indicatofield of the scheduling DCI, the UE may
assume that

- TheCBGTlIfield of the scheduling DCI indicates which CBGs of the TB are present in the transméssion.
bit value of 0in the CBGTIfield indicates that the corresponding CBG is not transmitted ‘dandi¢atesthat
it is transmitted.

- If the CBG flushing out informatiofCBGF]I) field of the scheduling DCI is prese@BGFIset to 0
indicatesthat the earlier receivddstances of the same CBGs being transmitted may be corraptéd,
CBGFlset to lindicateshatthe CBGs being retransmitted are combinable with the earlier received
instances of the same CBGs.

- A CBG contains the same CBsiaghe initial transmissio of the TB.
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5.2 UE procedure for reporting channel state information (CSl)

5.2.1 Channel state information framework

The procedures on aperiodic CSI reporting described irthkiniseassume that the CSI reporting is triggered by DCI
format 0_1, but they equally apply to CSI reporting triggered by DCI format 0_2, by applyihmyttes layer
parametereportTriggerSize=orDCIFormat0_2instead ofeportTriggerSize

The time and frequegaesources that can be used by the UE to report CSI are controlled by thEgNiay consist
of Channel Quality Indicator (CQI), precoding matrix indicator (PMI),-8Sl resource indicator (CRI$S/PBCH
Block Resource indicator (SSBRIayerindicabor (LI), rankindicabr (RI), L1-RSRPor L1-SINR.

For CQI, PMI, CRISSBRI,LI, RI, L1-RSRPL1-SINRa UE i s configured @8y higher
ReportConfigRe por t i ng $8HRasourcelsnfiRebblrde Settings, ane or twdist(s) of trigger states
(given by the higher layer paramet@SFAperiodicTriggerStateLisitnd CSFSemiPersistentOnPUSCGH
TriggerStateList Each trigger state i@SFAperiodicTriggerStateListontains a list of associat&@EFReportConfigs
indicating the Resource Set IDs for channel and optionally for interfereach.trigger state iGSk
SemiPersistentONPUSCGHiggerStateListontains one associat&@EHFReportConfig

5.21.1 Reporting settings

Each Reporting SettingSFReportConfigs associated with a single downlink BWdicated byhigher layer
parameteBWRId) given in the associatediSFResourceConfifpr channel measuremeadcontains the parameter(s)
for one CSI reporting bancbdebook configuration including codebosilkbset restriction, timdomain behavior,
frequency granularity for CQI and PMI, measurement restriction configuratindshe CStelated quantities to be
reported by the UE such #®e layer indicator (LI)L1-RSRP,L1-SINR, CRI,andSSBRI (SSB Resouecindicator).

The time domain behavior of tl@SFReportConfigs indicated by the higher layer paramateportConfigTypeand

can be set t@aperiodi¢, 'semiPersistentOnPUCCHFsemiPersistentOnPUSClar ‘periodic. For periodic and
semiPersistentONnRLCH/semiPersistentONnPUSCESI reporting the configured periodicity and slot offsgiplies in
the numerology of the UL BWP in which the CSI report is configured to be transmitté@th@higher layer parameter
reportQuantityindicates the CStrelated L1-RSRRPrelatedor L1-SINR-relatedquantities to reporiThe
reportFreqConfiguratiorindicates the reporting granularity in the frequency domain, including the CSI reporting band
and if PMI/CQI reporting is wideband or sbland.ThetimeRestrictionForChannelMeasuremeptsameter irCSk
ReportConfigcanbe configured to enabtéme domain restriction for channeleasurements and
timeRestrictionForInterferenceMeasuremeras be configured to enaltieme domain restriction for interference
measuremest The CSFReportConfigcan also contai€@odebookConfigwhich contains configuration parameters for
Typel, Type Il or Enhanced Type ICSI including codebook subset restrictiamd configurations ofrgup based
reporting

For operation with shared spectrum channel actles4)E should not average GBE measurements for channel
estimation from occasions of an NZP &$$ (defined in [4, TS 38.211]) located in different DL transmissions burst
(defined n [X, TS 37.213]).

5.2.1.2 Resource settings

EachCSIResource SettinGSFResourceConfigontainsa configuration of list of S O @S| Resource Setgiven by
higher layer parametesiRSResourceSetLigtwhere the list is comprised céferences to either or both of NZP €SI
RS resource set(s) and SS/PBCH block set(s) or the list is comprised of referenceBMta@s8urce set(sEachCSl
Resourcesetting islocated in théDL BWP identified by the higher layer parameBMvPid, and al CSI Resource
Settingdinked toa CSI Report Setting have the sabie BWP.

The time domain behavior of the CRE resources within a CSI Resource Setting are indicated by the higher layer
parameteresourceTyp@nd can baet toaperiodic, periodic, oresni-persistentFor periodic and senpersistent CSI
Resource Settingthe number of CSRS Resource Sets configured is limitedtal . For periodic and senpersistent

CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP,

as given byBWRid. When a UE is configured with multipléSFResourceConfigsonsisting the same NZPSERS
resource 1D, the same time domain behavior shall be configured f@iSkHeesourceConfigdWhen a UE is configured
with multiple CSFResourceConfigsonsisting the same G8Y resource ID, the same tirdomain behavior shall be
configured for theC3-ResourceConfigAll CSI Resource Settings linked to a CSI Report Setting shall have the same
time domain behavior.
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The following areconfigured viahigher layersignaling for one or more CHesourcesSettings for channel and
interferencemeasurement

- CSI-IM resource for interference measurement as descrid@ldirses.22.4.
- NZP CSI-RSresource for interference measurementlescribed i€lauses.22.3.1
- NZP CSI-RS resource for channel measurensntiescribed i€lause5.22.3.1

The UE may assume that tN&ZP CSIRS resource(s) for channel measurement and theNC8isource(s) for
interference measurement configured for one CSI reportingeaogircewise QCLedwith respect toQCL-TypeD.

When NZP CSIRS resource(s) is used for interference measurement, the UE may assume that the-R2P CSI
resource for channel measurement and the IBEFesource or NZP CSRS resource(s) for interference measurement
configured for one CSI reporting are QCLed with respet@l -TypeD.

For L1-SINR measurement:

- When one Resource Setting is configured, the Resource Setting (given by higher layergparamet
resourcesForChannelMeasuremgistfor channetaind interference measuremémt L1-SINR computation. UE
may assume that same 1 port NZP -®Siresource(syvith density 3 REs/RBs used for both channel and
interference measurements.

- When two ResourcBettingsare configuredthe first one Resource Setting (given by higher layer parameter
resourcesForChannelMeasuremgistfor channel measurement 86B orNZP CSIRSand the second one
(given by either higher layer parametsiIM-ResourcesForinterfenceor higher layer parametezpCSFRS
ResourcesForinterferenges for interference measurement performed onl@Sbr on 1 port NZP CSIRS with
density 3 REs/RBwhere each SSB or NZP CRIS resource for channel measurement is associated with one
CSHIM resource or one NZP CHS resource for interference measurenhgrthe ordering of th&€SB orNZP
CSIRS resource for channel measurement andIfSkesource or NZP CSRS resource for interference
measurement in the corresponding resource sets. The nun®®B(x) oICSI-RS resources for channel
measurement equals to the number of-B&tesourca or the number of NZP CHRS resource for interference
measurement

- UE may applyQCL-TypeD assumption of the SSB @pCL-TypeD configured to the NZP CSRS resource
for channel measurement to measure the associatedMC&isource or associated NZFSI-RS resource for
interference measurement configured for one CSI reporting

- UE may expect that the NZP CGRBIS resource set for channel measurementfaiZP-CSIRS resource
set for interference measurement, if any, are configured with the highepkrgeneterepetition

- [When three Resource Settings are configured, the first one Resource Setting (given by higher layer
parameterresourcesForChannelMeasureménfor channel measurement on SSB or NZP-RSI The second
one (given by either higheayer parametersiiIM-ResourcesForlnterferentés for interference measurement
performed on CSIM, where each NZP CSRS resource set for channel measurement is associated with one
CSHIM resource for interference measurement. The Third one (given hghiayer parameterzpCSIERS
ResourcesForinterferengés for interference measurement performed on 1 port NZPRSSkith density 3

REs/RB]
5.2.1.3 (void)
5.2.1.4 Reporting configurations

The UE shall calculate CSI parameters (if reporgetuming the following dependencies between CSI parameters (if
reported)

- LI shall be calculated conditioned on the reported CQI, PMI, Rl and CRI
- CQI shall be calculated conditioned on the reported PMI, Rl and CRI

- PMI shall be calculated conditioned the reported Rl and CRI

- Rl shall be calculated conditioned on the reported. CRI

The Reporting configuratiofor CSlcan be aperiodic (using PUSCH), periodic (using PUCCH) or-pensistent
(using PUCCHand DCI activatedPUSCH). The CSRS Resourcesan be periodic, senpersistent, or aperiodic.
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Table 5.21.41 shows the supported combinations of CSI Reporting configurations arRSFs#source
configurations and how the CSI Reporting is triggered for eackRSResourceonfiguration. Periodic CSRS is
configured by higher layers. Seipérsistent CSRS is activated and deactivatesi described i€lause5.2.1.5.2

Aperiodic CSIRS isconfigured andriggered/activateds described i€lause5.2.1.5.1

Table 5.2.1.4-1: Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations.

CSI-RS Configuration

Periodic CSI Reporting

Semi-Persistent CSI
Reporting

Aperiodic CSI Reporting

Periodic CSI-RS

No dynamic
triggering/activation

For reporting on PUCCH,
the UE receives an
activation command, as
described in clause
6.1.3.16 of [10, TS
38.321]; for reporting on
PUSCH, the UE receives
triggering on DCI

Triggered by DCI;
additionally, subselection
indication as described in
clause 6.1.3.13 of [10, TS
38.321] possible as
defined in Clause
5.2.1.5.1.

Semi-Persistent CSI-RS

Not Supported

For reporting on PUCCH,
the UE receives an
activation command, as
described in clause
6.1.3.16 of [10, TS
38.321]; for reporting on
PUSCH, the UE receives
triggering on DCI

Triggered by DCI;
additionally, subselection
indication as described in
clause 6.1.3.13 of [10, TS
38.321] possible as
defined in Clause
5.2.1.5.1.

Aperiodic CSI-RS

Not Supported

Not Supported

Triggered by DCI;
additionally, subselection
indication as described in
clause 6.1.3.13 of [10, TS
38.321] possible as
defined in Clause
5.2.15.1.

When the UE is configured withigher layer paramet®&ZP-CSFRSResourceSetndwhen the higher layer parameter

repetitionis set tooff', the UE shall determine a CRI from the supported set of CRI values as defiedse
6.3.1.1.20f [5, TS 38.212] and report the number in each CRI refdnen the higer layer parameteepetitionis set
to'on, CRI is not reportedCRI reporting is not supported when the higher layer pararoetiebookTypés set to
either'typell, 'typell-PortSelectioh 'typell-r16 or to'typell-PortSelectiorrl6.

Foraperiodic or sempersistent CSI repodn PUCCH the periodiciy Y (measured in slotgnd the slot offset

Y areconfigured by the higher layer parameteportSlotConfigUnless specified otherwise, the UE shall transmit

the CSl report in frames with SFN and slot number within the frange;;, satisfying

0 € &

i7A m

where * is the SCS configuration of the UL BWP the G&port is transmitted on.

For a sempersistent CSl report on PUSCH, the perioditfy (measured in slots) is configured by the higher layer
parametereportSlotConfiglUnless specified otherwise, the UE shall transmit the CSI report in frames with Siid

slot number within the framé ; satisfying

whereg andg

h

transmission according to the activating DCI.

e ¢ €

t¢n T A m

are the SFN and slot number within the frame respectively of the initiadEensistent PUSCH

For a sempersistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configureddiiothieg higher

layer parameteat

- if triggered/activated by DCI format 0_ghd the higher layer parameteportSlotOffsetListForDGFormat0-2
is configuredthe allowed slot offsets are configuredreportSlotOffsetListForDGFormatG-2, and

- if triggered/activated by DCI format 0_1 atite higher layer parametegportSlotOffsetListForDGFormatG 1
is configuredthe allowed slot offsets are configuredreportSlotOffsetListForDGFormatG-1, and
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- otherwisethe allowed slot offsets are configured by the higher layer paranegiantSlotOffsdtist.
The offset is selected in the activating/triggering DCI.

For CSl reportinga UE can be configured via higher layer signaling with one out of two pessitiiband sizewhere
a subband is defined agE; contiguous PRBs andepend on the total number of PRBs in the bandwidth part

according toTable 5.2.14-2.

Table 5.2.1.4-2: Configurable subband sizes

Bandwidth part (PRBSs) Subbandsize (PRBSs)
<24 N/A
247 72 4,8
731 144 8,16
14571 275 16, 32

ThereportFreqConfiguratiortontained in &€ SHFReportConfigndicates the frequency granularity of the CSI Rephrt.
CSI ReportingSetting configuration defines a C$¢porting band as a subset of subbands of the bandwidthvpare
thereportFreqConfiguratiorindicates

- thecsiReportingBandas a contiguous or nesontiguous subset of subbands in the bandwidthfpavthich
CSl shall be reported.

- A UE is not pected to be configured wittsiReportingBandvhich contains a subband where a &S
resource linked to the CSI Report setting has the frequency density of eaR5@8ltt per PRB in the
subband less than the configured density of theRStesource.

- If a CSHM resource is linked to the CSI Report Setting, a UE is not expected to be configurediwith
ReportingBandvhich contains a subband where not all PRBs in the subband have thd REE present.

- widebandCQI orsubbandCQI reporting, azonfigured by the higher layer parametqi-Formatindicator
WhenwidebandCQI reporting is configured, widebandCQlI is reportedor eachcodewordfor the entire CSI
reporting bandWhensubbandCQI reporting is configured, on@Ql for each codeword is reported for each
subband in the CSI reporting band

- widebandPMI or subbandPMI reporting aconfigured by the higher layer paramgteni-Formatindicator
WhenwidebandPMI reporting is configured, widebandPMI is reported for the engrCSl reporting band.
Whensubband®MI reporting is configured, except with 2 antenna ports, a single wideband indi¢ation (
Clauseb.22.2) is reported for the entire CSI reporting band and one subband indidafiooléuses.22.2) is
reportedfor each subband in the CSI reporting band. WhdrbandPMls are configured with 2 antenna ports, a
PMl is reported for each subband in the CSI reporting band.

- aUE is not expected to be configured witimi Formatindicatorif codebookConfigs set totypell-r16 or
‘typell-PortSelectiorrl6.

A CSI Reporting Setting is said to have a wideband frequgrenyularity if

- reportQuantityis set tocri-RI-PMI-CQI', or‘cri-RI-LI-PMI-CQI', cgi-Formatindicatoris set towidebandCQl
andpmiFormatindicatoris set towidebandPM] or

- reportQuantityis set tocri-RI-i1' or
- reportQuantityis set tocri-RI-CQI' or ‘cri-RI-i1-CQI' andcgi-Formatindicatoris set towidebandCQ]| or
- reportQuantityis set tocri-RSRP or 'ssbIindexRSRP

otherwise, the CSI Reporting Setting is said to have a subband freegramcyarity.

The first subband size is given lN'FSfEB' (N ét\%:ta,i modNSEB) and the last subband size given by

[N + NG JmodNGBs i (NG + N8 JmodNSEe 0 and nigzair (NGR; + Nae: JmodN3S; =0
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If a UE is configured with senpersistent CSI reporting, the UE shall report @8&n bothCSHM andNZP CSI-RS
resources are configured as periagticemipersistentlf a UE is configured wittaperiodic CSI reporting, the UE shall
report CSiwhen bothCSKIM andNZP CSIRS resources are configurad periodic, serfpersistent or aperiodic.

A UE configured with DCFormatO_1or 0_2does not expect to be triggered with multiple CSI reports thiigrsame
CSHReportConfigld

52141 Resource Setting configuration

For aperiodic CSl, eadhigger state configured using the higher layer paran@&s#periodicTriggerStatés
associateavith one or multipleCSFReportConfigvhere eaclCSFReportConfigs linked to periodic, or semi
persistent, or aperiodic resource setting(s):

- When oneResourceSetting is configured, thResourceSetting (given by higher layer parameter
resourcesForChannelMeasuremgistfor channel measurement 1ot-RSRPor L1-SINR computation

- When twoResourceSettings are configured, the first oResourceSetting (given by higher layer parameter
resourcesForChannelMeasuremgistfor channel measurement and the secondgixen by either higher layer
paramegr csiIM-ResourcesForinterferenag higher layer parametezp CSFRSResourcesForinterferentes
for interference measurement performed on-B&br on NZP CSI-RS.

- When threeResourceSettings are configured, the firResourceSetting (higher layemparameter
resourcesForChannelMeasuremgistfor channel measurement, the second(given by higher layer
parametecsiIM-ResourcesForinterferentes for CSHM based interference measurement and the third one
(given by higher layer parameterp CSFRS-ResourcesForinterferenges for NZP CSERS based interference
measurement.

For semipersistent or periodic CachCSFReportConfigs linked to periodior semipersistenResource Setting(s)

- When one Resource Settifmjven by higher layer parametersourcesForChannelMeasuremkgist configured,
the Resourceeiting is for channel measurement forRERP computation.

- When two Resourcedtingsare configured, the first Resourcettihg (given by higher layer paramete
resourcesForChannelMeasuremgistfor channel measurement and the sed®esburce &ting(given by
higher layer parametesiIM-ResourcesForinterferentes usedfor interference measurement performed on
CSHM.

A UE is not expected to be configuredtwmore than one CSRS resource in resource set for channel measurement for
a CSHReportConfigwith the higher layer parameteondebookTypeet toeither'typell, 'typell-PortSelectioh 'typell-

r16 or to'typell-PortSelectiorrl6. A UE is not expected to be configured with more tBAMNZPCSI-RS resourcgin
resource séing for channel measurement for a @&¢portConfig with the higher layer parameatgportQuantityset to
'nong, ‘cri-RI-CQI, 'cri-RSRP or 'ssbindexRSRP. If interference measurement is performed on-B&leach CSIRS
resource for channel measurement is resewise associated with a G8V resource by the ordering of the CBE
resource and CSM resource in the corresponding resmeisetsThe number of CSRS resources for channel
measurement equals to the number of-B&resources.

If interference measurement is performed on NZP-RS) a UE does not expect to be configured with more than one
NZP CSIRS resource in thassociated resource set within the resource setting for channel measufdérae&nt
configured withthe higher layer parametezp CSFRSResourcesForinterferenceay expect no more thdr8 NZP
CSIRS ports configured in a NZP G8IS resource set

For CSImeasurement(®)ther than L1SINR, a UEassumes

- eachNZP CSIRS port configured for interference measurement corresponds to an interference transmission
layer.

- all interference transmission layers NEP CSI-RS ports for interference measuremiahe into account the
associated EPRE ratios configured in 5.2.2.3.1;

- other interference signal on REsNMZP CSIRS resource for channel measuremBiZtP CSIRS resource for
interference measurement, or @Bl resouce for interference measurement

For L1-SINR measurement with dedicated interference measurement resources, a UE assumes:
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- the total received power on dedicated NZP-BSlresource for interference measurement [arddedicated
CSHIM resource for interference measurementtresponds to inteerence and noise

5.2.1.4.2 Report Quantity Configurations

A UE may beconfigured with &CSFReportConfigwith the higher layer paramete¥portQuantityset to eithemoné,
‘cri-RI-PMI-CQI Y, ‘cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RSRP, 'cri-SINR,, 'ssbindexRSRP, 'sshindexSINR
or ‘cri-RI-LI-PMI-CQI'.

If the UE is configured with &SFReportConfigwith the higher layer parametaportQuantityset to'nong, then the
UE shall not report any quantity for tSFReportConfig

If the UE is configured with £SFReportConfigwith the higher layer parametaportQuantityset to'cri-RI-PMI-
CQl', or'cri-RI-LI-PMI-CQI', the UE shall report a preferred preconetrix for the entire reporting band, or a
preferred precoder matrix per subband, accordingjdase5.2.2.2.

If the UE is configured with £SFReportConfigwith the higher layer parametesportQuantityset to'cri-RI-i1',

- the UE expectdpr that CSFReportConfigto be configured witligher layer parameteodebookTypeet to
‘typel-SinglePanelbndpmi-Formatindicatorset to'widebandPMland,

- the UE shall report a PMlonsisting of a single wideband indicatian i Clause5.2.2.2.1) for the entire CSI
reporting band

If the UE is configured with £SFReportConfigwith the higher layer parametesportQuantityset to'cri-RI-i1-CQl',

- the UE expectdpr thatCSFReportConfigfo be configured witthigher layer parameteodebookTypeet to
‘typel-SinglePanelandpmi-Formatindicatorset to'widebandPMland

- the UE shall report a PMI consisting of a single wideband indicatjdn Clause5.2.2.2.1) for the entire CSI
reporting band. The CQI is calculated conditioned on the repgrisduming PDSCH transmission wi|tshp 21
precoders (corresponding to the saipirut differenti, in Clause5.2.2.2.1), where the UE assumes that one
precoder is randomly selected from the seNgfprecoders for each PRG on PDSCH, where the PRG size for
CQI calculation is configured by the higheyéa parametepdschBundleSizeForCSI

If the UE is configured with &SFReportConfigwith the higher layer parameteaportQuantityset to'cri-RI-CQI,

- if the UE is configured with higher layer parameten-PMI-PortIndicationcontained in £SFReportConfigy
ports are indicated in the order of layer ordering for raakd each CSRS resource in the CSI resource setting
is linked to theCSFReportConfigoased on the order of the associdiedP-CSFRSResourceldn the linked CSI
resource setting for channel measurement given by higher layer pareesetecesForChannelMeasurement
The configured higher layer parameten-PMI-Portindicationcontains a spuence

pc(,l), péz), D(Z), p((,s), p(3), p§3) péR), pl(R) p@l of port indices, whergp(",...,p%) are the CSRS port

indices associ ®it{ez. Ateteri{la2askisthe namber of ports in the GRIS
resourceThe UE shall only report RI corresponding to the configured field®aotfindexFor8Ranks

- if the UE is not configured with higher layer parameien-PMI-Portindication,the UE assumes, for each €SI
RS resarce in the CSI resource setting linked to @&+ ReportConfigthat the CSRS port indices
p,....8.% ={0,..p -} are associated with ranks=1,2,...P where P {1.2,4,8} is the number of ports in

the CSIRS resource.

- When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selef®&d CSI
resource. The precoder for the indicated ports shall be assumed to be the identitycmhﬁilay%.
n
If the UE is configured with £SFReportConfigwith the higher layer parametegportQuantityset to'cri-RSRP or
'ssbindexRSRP,

- if the UE is configured with the higher layer paramet@upBasedBeamReportiisgt to'disabled the UE is
not required to update measurements for more than 6ARS3indor SSB resources, and the WEall report in
a single repomrofReportedR$higherlayer configured) different CRir SSBRI for each report setting.
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- if the UE is configured with the higher layer paramegt@upBasedBeamReportiisgt to'enabled the UE is not
required to update measurements for more than 64RSSind/or SSB resources, ¢hd UEshallreport in a
single reporting instandavo different CRI or SSBRior each report settingyhere CSIRS andor SSB
resources can be received simuétausly by the UE either with a singlpatial domain receive filteor with
multiple simultaneouspatial domain receive filters

If the UE is configured with &SFReportConfigwith the higher layer parameterportQuantityset to'cri-SINR' or
'ssbindexSINR,

- if the UE is configured with the higher layer paramemupBasedBeamReportisgt to'disabled the UE shall
report [in a single reportjrofReportedRSForSINRigher layer configured) different CRF SSBRI for each
report setting.

- if the UE is configured with the higher layer paramepemupBasedBeamReportisgt to'enabled the UE shall
report in a single reporting instance two different CRI or SSBRI for each report spitiege CSIRS and/or
SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or
with multiple simultaneous spatial domain receive filters.]

If the UE is configured with &SFReportConfigwith the higher layer parametegportQuantityset to'cri-RSRP, ‘cri-

RI-PMI-CQI ", ‘cri-RI-i1', ‘cri-RI-i1-CQI', ‘cri-RI-CQI' or ‘cri-RI-LI-PMI-CQI', and0 p resources are configured in

the corresponding resource set for channel measurethenthe UE shall derive the CSI parameters other than CRI
conditioned on the reported GRVhere CRk(kO 0) cor r e s p o n dksl)th entrytofrassociatedapf i g ur e d
CSHRSResourcin the correspondingzp CSFRSResourceSdor channel measurement, arkd 1)-th entry of
associatedsiIM-Resourcen the correspondingsiIM-ResourceS«if configured) If0 ¢ CSFRS resources are

configured, each resource shall contain at most 16RSSports. Iff 0 QYCSERS resources are configured, each
resource Isall contain at most 8 C&RS ports.

If the UE is configured with &SFReportConfigwith the higher layer parametezportQuantityset to'ssbindex
RSRP, the UE shall report SSBRI, where SSBRKO 0) cor r es p o n cksl)thentrytotthe conf i gur e
associatedsi-SSBResourcelisin the correspondin@SFSSBResourceSet

If the UE is configured with €SFReportConfigwith the higher layer parameterportQuantityset to'cri-RI-PMI-

CQl, 'cri-RI-i1', 'cri-RI-i1-CQI', ‘cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', then the UE is not expected to be configured with
more than 8 CSRS resources in @SI-RS resource set contained within a resource setting that is linked@&the
ReportConfig

If the UE is configured with &SFReportConfigwith higher layer parameteeportQuantityset to'cri-RSRP or 'noné
and theCSFReportConfigs linked to a resource settiegnfigured with the higher layer parametesourceTypset to
‘aperiodi¢ thenthe UE is not expected to be configured with more than 1eRSSlesources in a GRS resource set
contained within the resource setting.

The LI indicates which column of the precoder matrix of the reported PMI corresponds to the strongest layer of the
codeword corresponding to the largest reported wideband CQI. If two wideband CQIs are reported and have equal
value, the LI corresponds to strongest layer of the first codeword.

5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP computation

- the UE may be configured with GRS resources, SS/PBCH Block resources or bothRESand SS/PBCH
block resourcs, when resourcevise quasi cdocated withQCL-Type C' and'QCL-TypeD when applicable

- the UE may be configured with GRS resource settijy up to 16 CSRS resource sets having up to 64 resources
within each set. The total number of different €88 resources over all resource sets is no more than 128.

For L1-RSRP reporting fithe higher layer parametarofReportedR8 CSFReportConfigs configured to be one, the
reported LIRSRP value is defined by abit value in the range 140, -44] dBm with 1dB step sizef, the higher layer
parametenrofReportedR% configured to be larger than one, or if the higher layer parameter
groupBasedBamReportings configured ag&nabled the UE shall use differential ERSRP based reporting, where the
largestmeasuredialue of LERSRPis quantized t@ 7-bit value in the range 140,-44] dBm with 1dB step size, and
the differential LIRSRPis quantzed toa 4bit value. The differential LRSRP value is computed with 2 dB step size
with a reference to the largeseasured. 1-RSRP value which is part of the sameRS$RP reporting instanc&he
mapping between the reported-RERP value and the measdiiguantity is described in [11, TS 38.133].
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5.21.4.4 L1-SINR Reporting

For L1-SINR computation for channel measurement the UE may be configured with NZARSSEsources and/or
SS/PBCH Block resources, for interference measurement the UE ncapfigured with NZP CSRS or CSIIM
resources.

- for channel measurement, the UE may be configured withRSSlesource setting up to 64 &S8$ resources or
up to 64 SS/PBCH Block resources.

For L1-SINR reporting, fithe higher layer parametarofReporte RSForSINRn CSFReportConfigs configured to be

one, the reported L-SINR value is defined by @-bit value in the range23, 40] dB with 0.5 dB step size, aridlie

higher layer parameterofReportedRSForSINR configured to be larger than ortee UE shall use differential L-1

SINR based reporting, where the largestasuredalue of LESINRIis quantized t@ 7-bit value in the range23, 40]

dB with 0.5dB step size, and the differential {SINR is quantized t@ 4bit value The differential LASINRis

computed withl dB step size with a reference to the largeeasured.1-SINR value which is part of the samed.1
SINRreporting instancaVhen NZP CSIRS is configured for channel measurement and/or interference measurement,
the reported LASINR values should not be compensated by the power offset(s) given by higher layer parameter
powerControOffsetS& powerControlOffset

5.2.15 Triggering/activation of CSI Reports and CSI-RS

5.2.151 Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the
CSI-RS have the same numerology

For CSERS resource sets associated WRt#source Sahgsconfigured with the higher layer parametesource Typset

to ‘aperiodi¢, 'periodic, or 'semipersistenif trigger statedor Reporting Settings) (configured with the higher layer
parametereportConfigTypeset to'aperiodi¢) andor Resource Séhg for channel and/or interference measurement on
one or more component carriease configured using the higher layer paramé&8kAperiodicTriggerStateListFor
aperiodic CSl report triggering, a single set of CSI triggering statdésgdrer layeiconfigured, wherein the CSI triggering
states can be associated wdthy candidate DL BWPA UE is not expected to receive more than Bx@ with nonzero
CSI request per sloA UE is not expeatdto be configured with differenfCl-Statelds for the same aperiodic CRS
resource ID configured in multiple aperiodic &6 resource sets withdlsame triggering offset in the same aperiodic
triggerstate A UE is not expected to receive more than one aperiodic CSI report requeashonission ira given slot.
When a UE is triggered with a CSI report for a DL BWP that isadive wherexpecthg toreceive the most recent
occasion, no later than the CSI reference resourdbeddssociatetlZP CSI-RS, the UE is not expected to report the
CsSil for the noractive DL BWP and the CSI report associated witiat BWPis omitted. Whera UE is triggerd with
aperiodicNZP CSIRS in a DL BWP that is neactive wherexpecting taeceietheNZP CSIRS, the UE is not expected
to measure the aperiodic GBB.In the carrier of the serving cell expecting to receive that asso®&BdCSI-RS, if

the activeDL BWP when receiving thBZP CSI-RS is different from the activeL BWP when receiving the triggering
DCl,

- the last symbol of the PDCCH span of the DCI carrying the BWP switching shall be no later than the last symbol
of the PDC® span of the DCI carrying the CSI trigger, irrespective of whether they are in the same carrier of a
serving cell or not and irrespective of whether they are in the same SCS or not;

- the UE is not expected to have any other BWP switching in that caftéerthe last symbol of the PDCCH span
covering the DCI carrying the CSI trigger and beforefittse symbol of the triggered NZP CRS or CSIIM.

A trigger state is initiated using tl@&SIrequesfield in DCI.

- Whenall the bits ofCSIrequesfield in DCI are set taero, no CSl is requested.

- When the number of configured CSI triggering stateSShAperiodicTriggerStateLids greater thar™s - 1,
where N.g is the number of bits in the D@SIrequestfield, the UE receives subselection indication, as

described irclause6.1.3.13 of 10, TS 38.321,Jused to map up t@Ns - 1 trigger states to theodepointof the
CSlrequesfield in DCI. N+ is configured by the higher layer parametgportTriggerSizevhere
Nrsi {0,1,2,3,4,5,6}. When theUE would transmit a PUCCH witHARQ-ACK information in slon

corresponding to the PDSCH carrying gubselection indicatigrthe corresponding action in [10, TS 38.321]
and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request

field shall be appliedtarting fromthe first slot that is afteslote o0 "® wheremis the SCS
configuration for the PUCCH

3GPP



Release 16 56 3GPP TS 38.214 V16.1.0 (2020-03)

- When the number of CSI triggering state€i@FAperiodicTriggerStateLiss less than or equal @\ - 1, the
CSlrequesfield in DCI directly indicates thériggering state

- For each aperiodic CRS resourcén a CSIRS resource saissociated with each CSI triggering state, the UE is
indicated the quasi elmcation configuration of quasi docation RS sourds) and quasi cdocation typ€s), as
describedn Clause5.1.5, throughhigher layer signaling ajcl-info which contains a list of referencesTGI-
Statésfor the aperiodic CSRS resources associated with the CSI triggering statéStHtareferred toin the list
is configured with a reference in RS associated witRQCL-TypeD, that RS may be an SS/PBCH bldokated
in the same or different CC/DL BW#t a CSIRS resource configured as periodic or semisistentocated in
the same or different CC/DL BWP

- If the scheduling offset betweerettast symbol of the PDCCH carrying the triggering DCI and the first
symbol of the aperiodic CRS resourcei aNZP-CSFRSResourceSeatonfigured without higher layer
parametetrs-Info is smaller thathe UE reportedhresholdoeamSwitchTimingas defined in [13, TS
38.306] when the reported value is one of the values of {14, 28, @8}k smaller than 48 when the reported
value ofbeamSwitchTiming one of the values of {224, 336}

- if there isany other DL signal with amdicated TCI staten the same symbols as the &%$, the UE
applies the QCL assumption of the other DL signal also when receiving the aperiod®RSO3le other
DL signal refers to PDSCH scheduled with offieeger tharor equal to the threshold
timeDurationForQCL, as defined in [13, TS 38.30Gperiodic CSRS scheduled with offsédrger than
or equal to thé&JE reportedhresholdoeamSwitchTimingvhen the reported valug one of the values
{14,28,48}, aperiodic CSIRS scheduled with offset larger thar equal to 48 when the reported value of
beamSwitchTiming one of the values {224, 336)¢eriodic CSIRS, semipersistent CSRS,

- else, when receiving the aperiodic &8%, the UE applies the QCL assumption used for the CORESET
associated with a monitored search space thigtHowestcontrolResourceSetlid the latest slot in which
one or more CORESEWgithin the active BWP of the séng cellaremonitored

- If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first
symbol of the aperiodic CSRS resources is equal to or greater tthenUE reported threshold
beamSwitchTiminwhen the reprted value is one of the values of {14,28,48}s equal to or greater than
48 when the reported value lmfamSwitchTimings one of the values of {224, 336he UE is expected to
apply the QCL assumptions in the indicated TCI states for the ape@&#iRS resources in the CSI
triggering state indicated by the CSI trigger field in DCI.

- A nonzero codepoint of the CSI request field in the DCI is mapped to a CSlI triggering state according to the
order of theassociated positions tife up tog p trigger statesn CSFAperiodicTriggerStateListith
codepointl' mapped to the triggering statethe first position.

For a UE configured with the higher layer paramé&giAperiodicTriggerStateLisif a ResourceSetting linked to a
CSHReportConfighas multiple aperiodic resource s@sly oneof the aperiodic€SIRSresource setisom the
Resource Setting associated with the trigger staaed the UE ihigher layer configured per trigger state pessource
Setting to select theneCSKIM/NZP CSERS resource set from tiResourceSetting.

When aperiodic CSRS is used with aperiodic reporting, the & offsetis configured per resource d®tthe higher
layer parameteaiperiodicTriggeringOffseincluding the case that the UE is not configured with
[minimumSchedulingOffgdbr any DL or UL BWP and all the associated trigger states do not have the higher layer
parametegcl-Typeset to'QCL-TypeD in the corresponding TiGtates The CSIRS triggering offsehas thevaluesof

{0, 1, 2, 3, 4, 16, 24}lots.If the UE is not configured withjinimumSchedulingOffddor any DL or UL BWP and if

all the associatedityiger states do ndtave the higher layer parametgi-Typeset to'QCL-TypeD in the

corresponding TCI stateshe CSIRS triggering offset is fixed to zer®he aperiodic triggering offset of the GBI
follows offset of the associated NZP &8 for channel measurement.

The UE does not expect that dpdic CSIRS is transmitted before the OFDM symbol(s) carrying its triggering DCI.
When theminimum scheduling offset restriction is appli&tE is not expected to be triggered ®$I triggering state
indicated by the CSI request field in Di@lwhich CSIRS triggering offset is smalléhan the currently applicable
minimum scheduling offset restrictid€ymin.

If interference measurement is performed on aperiodic NZFRS$4 UE is not expected to be configured with a
different aperiodic triggering offseif the NZP CSIRS for interference measurement from the associated NZiRESI
for channel measurement.
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If the UE is configured with a single carrifar uplink, theUE is not expected to transmit more than one aperiodic CSI
report triggered by different DCls on overlapping OFDM symbols.

5.2.1.5.1a Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the
CSI-RS have different numerologies

When the tiggering PDCCH and the triggered aperiodic &S are of different numerologies, the behavior defined in
5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:

Beam switch timing:

- If the scheduling offset betweéhe last symbol of the PDCCH carrying the triggering DCI and the first symbol
of the aperiodic CSRS resources inldZP-CSFRSResourceSeatonfigured without higher layer parametes-

Info is smaller than the UE reported threshodmSwitchTiming d 27 CSIRS K{E'HFE'EEH in CSERS symbolsas
defined in [13, TS 38.306], when the reported value is one of the values of {14, 28y #&8¥maller than 48¢
when the repoed value obeamSwitchTiming one of the values of {224, 33@hd wheref the pppccrH<

Hcsirs, the beam switching timing delalis defined in Table 5.2.1.5.15 elsed is zero
- if one of the associated trigger states has the higher layer pargeielgpeset toQCL-TypeD,

- if there is any other DL signal with an indicated TCI state in the same symbols as{R&dBé UE
applies the QCL assumption of the other DL signal also when receiving the aperiodRSCBie other
DL signal refers to PDSCH scheduled with offset éairipan or equal to the threshold
timeDurationForQCL as defined in [13, TS 38.306], aperiodic €83 scheduled with offset larger than

or equal to the UE reported threshbleamSwitchTiming d 27 CSIRS [2RPDCCH CSHERS symbols
when the reported value is one of the values {14,28 @8&riodic CSIRS scheduled with offset larger
than or equal to 48d when the reported value bamSwitchTiming one of the values {224, 336},

periodic CSIRS, semipersistent CSRS,
- else,

- if at least one CORESET is configured for the BWP in which the aperiodiRES$ to be received,
when receiving the aperiodic G8IS, the UE applies the QCL assumption used for the CORESET
associated with a monitored search space with the IG@RESETID in the latest slot in which one or
more CORESETSs within the active BWP of the serving cell are monitored.

- else, when receiving the aperiodic &8, the UE applies the QCL assumption of the losest
activated TCI state applicable to the PDSCH withia &ctive BWP of the cell in which the GBS is to
be received.

- If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol
of the aperiodic CSRS resources is equal to or greater than the UE reptiresholdoeamSwitchTiming d
+ 2008 [2EDCCE ) cg1Rs symbolswhen the reported value is one of the values of {14,28@t8} equal
to or greater than 4&8twhen the reported value béamSwitchimingis one of the values of {224, 33@he UE
is expected to apply the QCL assumptions in the indicated TCI states for the aperieRiS @&Sburces in the

CSil triggering state indicated by the CSI trigger field in DCI.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d

HppccH d [PDCCH symbols]
0 8
1 8
2 14

Aperiodic CSIRS timing:

- When the aperiodic CSRS is used with aperiodicSI reporting, the CSRStriggeringoffsetX is configured
per resource set by the higher layer paranmegieriodicTriggeringOffsetThe CSIRS triggering offset has the
values of {0, 1&é 3 Lslotswhen the ppccH< Hesirsand {0, 1, 2, 3, 4, 16, 24} when thegecH> Hesirs. The
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é D TSIRS u %NCA N 0
. . . . . Z 2 J A lot, off: PDCCH Igt offset IRS . 7 .
aperiodic CSIRS istransmitted in a sloenG=—— gX égeonoffsel POCC slat offset CSIRSepresigy | if
é 2/1PDCCH g ex 2 Bifsel PDCCH D fBiiset CSIRS 0

UE is configured wittCA-slot-offsetfor at least one of the triggered and triggering cell, kagwd

€ 2msrs U
enO0—— u X, otherwise, anwhere

é 2PDCCH E‘l

- nis the slot containing the triggering DX,is the CSIRS triggering offset in the numerology of GBS
according to the higher layer paramedperiodicTriggeringOffset

- and' are the subcarrier spacing configurations for-&Sland PDCCH, respectively

- 0811 onpbamdi® i £rosorie thedd) | orandhenie. . respectivelywhich are determined by
higherlayer configuredtAslotoffsetfor the cell receiving the PDCCH
respectivelyD & | on# 3 ydlIs 6 reana pare thed & | or andheie.. respectivelywhich are
determined by higheayer configuredcAsiotoffset for the cell transmitting th€SI-RS respectively, as
defined in [4, TS 38.2114lause4.5

- If the pPepccH< Hesirs the UE is expected to be able to measure the aperiodic CSItRSCERS startsno
earlier tharthe first symbol of the CSRS carrie's slot that startat leastNcsirsPDCCH symbols after the end
of the PDCCHriggering the aperiodic CRS

- If the pPepocen™> Hesirs the UE is expected to be able to measure the aperiodic CSItRECEIRS startsno
earlier than at leadcsirsPDCCH symbols after thend of the PDCCHriggering the aperiodic CERS.

Table 5.2.1.5.1a: Ncsirs as a function of the subcarrier spacing of the triggering PDCCH

UpDccH Nesirs [Symbols]
0 4
1 5
2 10
3 [14]
5.2.1.5.2 Semi-persistent CSI/Semi-persistent CSI-RS

For semipersistent reporting on PUSCH, a setrigfger statesre higher layer configured ySt
SemiPersistentOnPUSCGHiggerStateListwherethe CSI request field in DCI scrambled with-SBIRNTI activates
one of therigger statesA UE is not expected to receive a DCI scrambled withCSRRNTI activating one semi
persistent CSI report with the same &&portConfigld as in a serpiersistenCSI report which is activated by a
previously received DCI scrambled with -85FRNTI.

For semipersistent reporting on PUCCHhe PUCCH resource used for transmitting the CSI regrertonfigured by
reportConfigTypeSemipersistent reporting on PUCCHl activated by an activation commaasidescribed inlause
6.1.3.16 off 10, TS 38.321]which selects one of the sepersistenReportingSettings for use by the UE on the
PUCCH.When theUE would transmit a PUCCH witHARQ-ACK information in slotn corresponding to the PDSCH
carrying the activation command, the indicated spemsistent Reporting Setting should be appditediting fromthe

first slot that is aftesloté a0 " wherenis the SCS configuration for the PUCCH
For a UE configured witlCSI resource setting(s) whehee higher layer parametegsourceTypeet to'semiPersisteht

- when a UE receives an activation commaamidescribed iolause6.1.3.12 of 10, TS 38.321]for CSFRS
resourcese(s) forchannel measurement and @BINZP CSIRS resourcse(s) for interference measurement
associated with configured CSI resource setting(sl when th&E would transmit a PUCCH witHARQ-

ACK information in slotn corresponding to the PDSCH carrying theesgon commangdthe corresponding
actions in L0, TS 38.321] and the UE assumptidimeluding QCL assumptions provided keylist of reference

to TCI-Statés, one per activated resoujaan CSHRS/CSHM transmission corresponding to the configured-CSl
RS/CSHM resource configuration(s) shall be applidrting fromthe first slot that is afteslote

o i) "® wheremis the SCS configuration for the PUCCIfa TCI-Statereferred tan the list is
configured with a reference to an RS associated '®@L-TypeD, that RS can be an SS/PBCH block, periodic
or semipersistent CSRS located in same or different @<L/ BWP.
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- when a UE receives a deactivation commastiescribed irclause6.1.3.12 off 10, TS 38.321]for activated
CSIRS/CSHM resourcese(s) associated with configured CSI resource setting(s) wherthe UE would
transmit a PUCCH wittHARQ-ACK information in slotnh corresponding to the PDSCH carrying the
deactivationrcommang the corresponding actions i, TS 38.321] and UE assumption on cessation of CSI
RS/CSHM transmission corresponding to the deactivatedRSICSHM resourcesets) shall applystarting

from the first slot that is aftesloté o0 "® Wheremis the SCS configuration for the PUCCH

A codepoint of the CSlI request field in the DCI is mapped to-&SRriggering state according to the ordethaf
positionsof the configured trigger stat@s CSFSemiPersistentOnPUSCHiggerStateListwith codepoint0' mapped
to the triggering statim the first positionA UE validates, for sempersistent CSl activation or release, a DL semi
persistent assignment PDCCH a DCI only if the following conditions are met:

- the CRC parity bits of the DCI format are scrambled wiBP&CSI-RNTI provided by higher layer parameter
sp-CSHRNTI

- Speciaffields for the DCI format are set according to Tah21.5.21 or Table5.2.1.5.22.

If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of
semipersistenCSI transmissiomn PUSCH and the UE activates or deactivates a CSI Reporting Setting indicated by
CSl request field in the DCIIf validation is not achieved, the UE considers the DCI format as having been detected
with a nonmatching CRC.

Table 5.2.1.5.2-1: Special fields for semi-persistent CSI activation PDCCH validation

DCl format 0_1/0_2
HARQ process number setto all '0's
Redundancy version setto all '0's

Table 5.2.1.5.2-2: Special fields for semi-persistent CSl deactivation PDCCH validation

DCI format 0_1/0_2
HARQ process number setto all '0's

Modulation and coding scheme settoall '1's

If higher layer configures RA type 0 only, set to all '0's;

If higher layer configures RA type 1 only, setto all '1's;
If higher layer configures dynamic switch between RA type 0 and 1,

then if MSB is'0’, set to all '0's; else, setto all '1's

Redundancy version setto all '0's

Resource block assignment

If the UE has an active serpersistent CSRS/CSHM resource configuration, or an active sepairsistent ZP CSRS
resource set configuration, and has not received a deactivation caintmeactivatedsemipersistent CSRS/CSHM
resourcesetor theactivatedsemipersistent ZP CSRS resource set configurations are considered sxtiewhenthe
correspondindL BWP is active otherwise they are considersaspended

If the UE is onfigured with carrier deactivation, the followiegnfigurationsn the carrier in activated state would also
be deactivated and needaetivation configuration(s): serpersistent CSRS/CSt IM resource, senpersistent CS|
reporting on PUCCH, senpersistent SRS, semkersistent ZP CSRS resource set.

5.2.1.6 CSI processing criteria

The UE indicates the number of supported simultaneous CSI calcslation If a UE supports$)  simultaneous
CSl calculations it is said to have CSI processing units for processing CSI reports across all configuredfcells.
CPUs are occupied for calculation of CSlI reports in a given OFDM symbol, the UWE has 0 unoccupied CPUdf

N CSI reports start occupying their respective CPUs on the same OFDM symbol oniwhich 0 CPUsare
unoccupiegdwhere each CSl repcit 18 Iy  p corresponds t6 , the UEis not required to updateeld 0
requested CSI reportgith lowest priority (according t€lause5.2.5), whergt 0 0 is the largest value such that

B 0 0 0 holds

A UE is notexpected to be configured with an aperiodic €§lger state containing more thdn  Reporting
SettingsProcessing of a CSl report occupies a number of CPUs for a number of symbols as follows:
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0 1t for a CSI report with CSReportConfig with higher layer parameteportQuantityset to'noné and
CSHFRSResourceSatith higherlayer parameters-Info configured

0 p for aCSl report withCSFReportConfigwith higher layer parameteeportQuantityset to'cri-RSRP,
'ssbindexRSRP, ‘cri-SINR, 'sskindexSINR or 'noné (andCSFRSResourceSeatith higher layer parameter
trs-Info not configured)

for aCSl report withCSFReportConfigwith higher layer parameteeportQuantityset to'cri-RI-PMI-CQI', ‘cri-
RI-i1', ‘cri-RI-i1-CQI', ‘cri-RI-CQI', or ‘cri-RI-LI-PMI-CQI',

- if a CSl reportis aperiodically triggered without transmitting a PUSCH with either transport block or HARQ
ACK or both wherL = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband
frequencygranularity andd at most 4 CSRS ports in a single resource without CRI report and where

codebookTypes set totypel-SinglePanébr wherereportQuantityis set tocri-RI-CQI', 0 o
- otherwise0 U , where0 is the number of CSRS resources in the GRS resource set for channel
measurement.

For a CSlI report witlCSFReportConfigwith higher layer parametegportQuantitynot set tdnoné, the CPU(s) are
occupied for a number of OFDBymbols as follows:

A periodic orsemipersistent CSI repofexcluding an initial serpersistent CSl report on PUSCH after the
PDCCH triggering the reporgccupies CPU(s) from the first symbol of the earliest one of eactRSSISH
IM/SSBresource fochannel or interference measurement, respective latedfRE&EISHM/SSBoccasion no
later than the corresponding CSI reference resourt# the last symbol of the PUSCH/PUCCH carrying the
report.

An aperiodic CSI report occupies”O(s) from the first symbol after the PDCCH triggering the CSI report until
the last symbol of the PUSCH carrying the report

An initial semipersistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol
after the PDCCH untihe last symbol of the PUSCH carrying the report.

For a CSlI report witlCSFReportConfigwith higher layer parameteeportQuantityset to'noneé andCSIRS
ResourceSetith higher layer parametérs-Info is not configuredthe CPU(s) are occupied for amioer of OFDM
symbols as follows:

A semipersistent CSI repofexcluding an initial serpersistent CSI report on PUSCH after the PDCCH
triggering the reportpccupies CPU(s) from the first symbol of the earliest one of each transmission occasion of
periodic or semipersistent CSRS/SSB resource for channel measurement feRERP computationyntil ¢

symbok after the last symbol of the latest one of the-BSISSB resource for channel measurement fer L1

RSRP computation in each transmission occasion

An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until
the last symbadbetweenid symbols after théirst symbol after the PDCCH triggering the CSI report énd

symbok after the lassymbol of the latest one of each @$$/SSB resource for channel measurement fer L1
RSRP computation.

where & R  are defined in the table 52

In any slot, the UE is not expected to have more activeRSSports or active CSRS resources than reped as
capability.NZP CSIRS resource is active in a duration of time defined as follBasaperiodicCSIRS, starting from

the end of the PDCCH containing the requast ending at the end of the PUSCH containing the report associated with
thisaperialic CSFRS.For semipersistenCSI-RS, starting from the end afhenthe activation command is applied,

and ending at the end whenthe deactivation command is appli€ar periodicCSFRS, starting when the periodic
CSIRS is configured by higher laysignalling, and ending when the periodi§IRS configuration is releaseld.a

CSIRS resource is referred ByCSI reporting settings, the GBS resource and the GRIS ports within the CSRS
resource are countédtimes.
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5.2.2 Channel state information
5.2.2.1 Channel quality indicator (CQI)

The CQI indices and their interpretations are given in Tabl@ .3-2.or Table 5.2.2.44 for reporting CQI based on
QPSK, 16QAM and 64QAM. The CQI indices and their interpretations are given in Tal2d-8.for reporting CQI
based on QPSK, 16QAM, 64QAM and 256QAM.

Based on an unrestricted observation interval in time unless specifiedisthan thisClause and an unrestricted
observation interval in frequency, the UE shall derive for each CQI value reported inslptinkhe highest CQI
index which satisfies the following condition:

- A single PDSCH transport block with a combinatafrmodulation schemearget code ratend 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 biarkpeobability not egeeding

- 0.1, if the higher layer parametegi-Tablein CSFReportConfigconfigurestablel (corresponding tdable
5.2.2.12), or'table2 (corresponding tdable 5.2.2.43), or

- 0.00001, if the higher laygrarametecqi-Tablein CSFReportConfigconfigurestable3 (corresponding to
Table 5.2.2.4).

If a UE is not configured with higher layer parametereRestrictionForChannelMeasuremeritee UE shall derive the
channel measurements for computiey valuereported in uplinkslot n based on only thdZP CSIFRS, no later than
the CSI reference resourddefined inTS 38.211[4] associated with the CSI resource setting.

If a UE is configured with higher layer parameiereRestrictionForChannelMeasurememsSFReportConfig the
UE shall derive the channel measurements for comp@8igeported in uplinkslotn based on only theost recent,
no later than the CSI reference resouooeasion oNZP CSIRS (defined iff4, TS 38.211) associated with the CSI
resource setting

If a UE is not configured with higher layer parametereRestrictionForinterferenceMeasuremenie UE shall derive
the interference measurements for compu@ggvalue reported in uplink slot n based on otfig CSI-IM and/or NZP
CSI-RS for interference measuremeiat later than the CSI reference resowrssociated with the CSI resource setting.

If a UE is configured with higher layer parameiiereRestrictionForinterferenceMeasuremeint€SFReportConfig
the UE shall derive the interference measurements for comph&@E§l value reported in uplinklotn based on the
most recent, no later than the CSI refege resourceyccasion of CSIM and/or NZP CSRS for interference
measuremer(defined in [4, B 38.211])associated with the CSI resource setting

For each sulband indexs, a 2bit subband differential CQI is defined as:
- SubbandOffset level(s) = subband CQI indeXs) - wideband CQindex.
The mapping from the-Bit subbanddifferential CQ values to the offset level is shown in Table 5.22.1

Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level

Sub-band differential CQI value Offset level
0 0
1 1
2 02
3 o1

A combination of modulation scheme atnansport block size corresponds to a CQI index if:

- the combination could b&ignaledfor transmission on the PDSCH in the CSI reference resource according to the
Transport Block Sizeletermination described @lause5.1.3.2 and

- the modulation scheenis indicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results in
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 trgosrt block size and modulation scheme results iafattive channetode rate
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equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizes is relevant.

Table 5.2.2.1-2: 4-bit CQI Table

CQI index modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 640QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 64QAM 948 5.5547

Table 5.2.2.1-3: 4-bit CQI Table 2

CQl index 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 45234
11 64QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063
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Table 5.2.2.1-4: 4-bit CQI Table 3

CQIl index modulation | code rate x 1024 | efficiency

0 out of range
1 QPSK 30 0.0586
2 QPSK 50 0.0977
3 QPSK 78 0.1523
4 QPSK 120 0.2344
5 QPSK 193 0.3770
6 QPSK 308 0.6016
7 QPSK 449 0.8770
8 QPSK 602 1.1758
9 16QAM 378 1.4766
10 16QAM 490 1.9141
11 16QAM 616 2.4063
12 640QAM 466 2.7305
13 64QAM 567 3.3223
14 64QAM 666 3.9023
15 640QAM 772 4.5234

52211 (void)

5.2.2.2 Precoding matrix indicator (PMI)

5.2.2.2.1 Type | Single-Panel Codebook

For 2 antenna por{8000, 3001}and the UE configured with higher layer parametetebookTypset to'typel-
SinglePanéleach PMI value corresponds to a codebook index giveéalite 5.22.2.1-1. The UE is configured with the
higher layer parametéwoTXCodebookSubsetRestrictiorhe bitmap parametéwoTXCodebookSubsetRestriction
forms the bit sequence;, ...,a, ,a, where a, is the LSB anda; is the MSB and where a bit value of zero indicates

that PMI reporting is not allowed to correspond to the precoder associated with Bitslfitto 3 are associated
respectively with the codebook indices 0 tibB U =1 layer, and bits 4 and 5 are associated respectively with the

codebook indices 0 and 1 for=2 layers.

Table 5.2.2.2.1-1: Codebooks for 1-layer and 2-layer CSl reporting using antenna ports 3000 to 3001

Codebook Number of layers
index 1 5
0 1de 14 1o
V2 & 28 -1
1 1¢él 1el 1e
V2] 28 - il
2 el
2&1
3 lele
J2& ju

For 4 antenna por{8000, 3001, 3002, 30038 antennaporis 3 00 0, 3 0 0,12 anténna p&ri@@QJ, 3001,
€, 3016anjennaporfs3 000, 300 24anténapodsPa BP0, 30 0, &and32antenna Po2ts3 }
{3000, 300, andthaE coRfiuied With higher layer parametedebookTypeet to'typel-SinglePanel
except when the number of layess {2,3,4 (wherey is the associated RI valy@ach PMI value corresponds to

three codebook indices, ,i, ,,i, When the number of layersi {2,3,4 , each PMI value corresponds to four
codebook indices, , i, ,,i, 53,,- The composite codebook indéxis defined by

3GPP



Release 16 64 3GPP TS 38.214 V16.1.0 (2020-03)

_F 8s1 i12 95 U1 {234
[811 1o 013 HUl {234

The codebooks for-8 layers are giverespectively in Tables 522.1-5, 5.22.2.1-6, 5.22.2.1-7, 5.22.2.1-8, 5.22.2.1-
9,5.22.21-10, 5.22.2.1-11, and 5.2.2.1-12. The mapping from, ; to k; and k, for 2-layer reporting is given in

Table 5.22.2.1-3. The mapping from, ; to k; and k, for 3-layer and 4ayer reporting wherk.g, rs <16 is given in
Table 5.22.2.1-4. The quantities , gp, Uy, Vv, ,,» and g, are given by

i =

Jn =elP/2
qp:ejpp/4
ée J.2,um ].2pm(N2—1) 7]
fe:l eozNz e GN, L:'IN2>1
Un=1¢ v
?e u
T 1 N2=1
& 20! ;20 (N,-1) e
_é ON, 3
Vl,m = gum e l+n e QN L}n 3
e u
& _4pl 49l (N,/2- ) s
~ _A N, N
Uim = S e My, e My !
e u

- The values ofN, and N, are configured with the highéayer parameten1-n2, respectively. Theupported
configurationsof (N;,N,) for a given number of CSRS ports and the corresponding valuegof, o,) are
given in Table 5.2.2.1-2. The number of CSRS ports,P-g s, iS2N,N, -

- UE shall only usé, , =0 and shall not report, , if the value ofNz is 1.

The bitmap parameterl-n2 forms the bit sequence, ,,....a,a where a, is the LSB anda/%_1 is the MSB and

where a bit value of zero indicates that PMI reporismgpt allowed to correspond to any precoder associated with the
bit. The number of bits is given b = N,Q N, O,. Except when the number of lager;i {3, 4 and the number of

antenna ports is 16, 24, or 32, bt . ,, is associated with all precoders based on the quawtjfy,
I =0,...,N;0; -1, m=0,...,N, G, -1. When the number of layeigi {3, 4 and the number of antenna ports is 16,
24, or 32,

- bits a(NZOZ(ZI— 1) mmodNQNQ aN202(2|)+m, and aN202(2|+1) m are each associated with all precoders based on the

quantity ¢ ., 1 =0,...,N;O;/2 -1, m=0,...,N, O, -1,

- if one or more of thassociatedbits is zero, then PMI reporting is not allowed to correspond to any precod
based ony, ,, .

For UE configured with higher layer parametedebookTypset to'typel-SinglePanél the bitmap parametdypet
SinglePaneli Restrictionforms the bit sequence,...r, r, wherer, is the LSB and; is the MSB.Whenr, is zero,

if {0,1...,%, PMland RI reporting are not allowed to correspond to any precoder associatédwitht layers.

For UE configured with higher layer parameteportQuantityset to'cri-RI-i1-CQI', the bitmap parametéypet
SinglePanetodebookSulesRestrictioni2 forms the bit sequence B ,0 M whered is the LSB andy is the
MSB. The bito is associated with precoders corresponding to codebook desQWhena is zero, the randomly
selected precoder for CQI calculation is not allowed to correspond to any precoder associated with the bit
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Table 5.2.2.2.1-2: Supported configurations of (N;,N,)and (0,,0,)

Number of
CSI-RS antenna ports, Peg rs (N, N,) (01,0,)
4 (2,1) (4,1)
8 (2,2) (4,4
(4,1 (4,1)
(3,2) (4,4)
12 (6,1) (4,1)
(4,2) (4,4
10 8,1) (4,1)
4,3 (4,4)
24 (6,2) 4,4
(12,1) (4,1
(4.4) (4.4)
32 (8.2) (4.4)
(16,1) (4,1

Table 5.2.2.2.1-3: Mapping of i, ; to k; and k, for 2-layer CSl reporting

i N,>N, 2| Nj=N, | Nj=2,N, =1 [ N;>2,N, =
b3 kl k2 kl I(2 I(1 I(2 kl k2
0 0 olo]o 0 0 0 0
1 o 0G| O O 0 O 0
2 0 O, | 0|0 20, 0
3120, | 0|0 |0 30, 0

Table 5.2.2.2.1-4: Mapping of i, ; to k; and k, for 3-layer and 4-layer CSl reporting when P.g zs<16

[ N=2N, AT N=AN, AT N=6N, [N =2N, 2 [ N=3N, 2
R K, K, K, K, K, K, K, K, K,
0| O 0 O 0 O 0 0 0
1 20, 0 20, 0 0 O, 0 0,
2 30 0 30 0 0, O,
3 40, 0 20, 0

Table 5.2.2.2.1-5: Codebook for 1-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1
11 i1 Iy
0,1,....NO- 1] 0....N,O,- 1| 0,1,2,2 | W

ll,l'l 1,2J 2

1 eVm

WhereV\ﬁ{n = é. .
\/PCSI-RS g nVim
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codebookMode =2, N, >1
i1 10 l
0 1 2 3
N;O N,O @ @ @ D
0L..., 12 Orl---rizz 2-1 2i;,,2i;,,0 2011,211,.1 201,201 5,2 201,201 ,,3
T iz z
4 5 6 7
N N,O D ) ) ®
0lL..., 1201 0L..., 22 2-1 20,4120, ,,0 201 +1,2i; 5.1 2i,+1.2i; 5,2 20,4120, ,,3
i1 10 l
8 9 10 11
N,O N,O 1 1) ) D
0lL... 12 0L..., 22 2-1 201,20, ,+10 201,20, ,+11 201,20, ,+1,2 201,20 ,+13
i1 10 l
12 13 14 15
N0 N,O @ @ @ @
0L..., 12 L 0L... 22 2-1 W2i1,1+1,2i1,2+10 W2i1,1+L2i1,2+1,1 W2i1,1+1,2i1,2+1,2 W2i1|1+1,2i1,2+1,3
y - 1 €V
whereV\4fn{n =T .,
\/ Pesirs & nVim
codebookMode =2, N, =1
i1 i, "2
0 1 2 3
N,O @) @) @) @
0L.—=-1] o 2,00 W2i1‘1,0,l 2,02 2,1,0,3
i1q i, 2
4 5 6 7
N,O, @) 1) 1) )
0l..., 12 *-1] o W2i1,l+1,o,o 2i,,+1,0,1 W2im+1,o,2 W2i1‘1+1,0,3
i1 i, "2
8 9 10 11
N,O (] @) 1) (3]
0lL... 12 -1 o W2i1,1+2,0,0 W2i1,1+2,0,1 W2im+2,o,2 W2i1,1+2,0,3
i1q i, 2
12 13 14 15
N,O 1) (3] 1) 1)
01..., 12 -1 o W2im+3,o,o W2im+3,0,1 W2i1‘1+3,0,2 W2i1,1+3.0,3
@ - 1 @eVp
whereW;, , = ——=6é. .
\ Pesirs & nVim

Table 5.2.2.2.1-6: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1

11 12 I
2
0L NO-1 | 0..,N,0,-1 | 01 ) ik
1 ev, Vim
whereW? =~ ¢ " b

Il mm,n IZPCSI-RS

dnvl,m - /nVIi,m i

and the mapping from ; to k; and k, is given in Table 5.2.2.1-3.
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codebookMode =2, N, >1
. . i
11 l12 0 2 1
N N,O (2 2
0,... ’l_()l_ 1 0,.. y 272, 1 W2i11,211+k1,212,212k' 20 \N2i11,2i11'*‘k11212:212k 21
2 2 i 2 o 2
. . i
I1.1 I1,2 2 2 3
N, N,O, 2 (2)
0,“ ,lT- 1 O'“ ! 22 : ) 1 W2i1v1+1’21‘1 ﬂkﬁ’zl‘z’glz k 3"( W2|11+l 211 -E-k+ 212 212 k 3’1-’
. . i
|1,1 I1,2 4 2 5
N N,O. 2
01—Ol 1]0,..,—2%2-1 Vo) o, k.. .. 3k 2 Wz(i )z 2,40, B3
2 2 hpd11 v pdyp e »
. . i
11 l12 6 2 7
0. NGO 4| NGO @ @
Ty A - 2,414, A ke 2,, 12, T, 4 [ V2,413, 4ke2,, 18, K,
1 eV Mim i
whereW®  ——Y o .
mmn = V2FResi de nMm 7 SaViim
and the mapping from ; to k; and k, is given in Table 5.2.2.1-3.
codebookMode =2, N, =1
i i b
1,1 1,2
’ ’ 0 1 2 3
N @) @) 2) )
0... 1701 -11 0 W2i111,21‘1+k1,0,0,0 W2i1,1,2111+k1,0,0,1 W2i1’1+1,21’1 4kt,0,0,C W2|M+1 a,, 4kt,0,0,
[ i b
2 4 5 6 7
NG 2 2) 2)
0,... 17 -1 0 | Wallaa, emooc | Woi iaa w00 | Wi taa, 8k00c | Wai 43, 8k ,00.
WhereW(z) _ 1 é VI m Vli,m i
mmon = \/2Pc5| de Vim = SVim
and the mapping from ; to k; is given in Table 5.2.2.1-3.

Table 5.2.2.2.1-7: Codebook for 3-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1-2, Prg rs<16

I12 Iy

i1q
)
O, : ’qu ) 1 ’NZOZ ) 1 011 ill’i1,1+k1’i 1,2j 12 k é H
V V|| m j V| m
whereW(|3) = .
mm.n \/3PCSI de Vlm /thm i " ﬁvl,m
Table 5.2.2.1-4.

and the mapping from ; to k; and k, is given in
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68
codebookMode = 1-2, B-g rs? 16
i:Ll i1,2 i1,3 i2
0. % 1| 0..N0-1 | 0122] 01 WO
2 117127 13 2
e Vim Yim Ym
é - s
1 é 9oVim AU i m
WhereWF,?T’]),p,n:—é - o -
3FResirs &/ nViym JVim Mm
gn ‘zvl,m u( p\~q,m B n'{)vlq

codebookMode = 1-2, F.q rs<16
11 iy 2 Ip
(4)
0,...,NjO,- 1 N,O, - 1 0,1 Vvil‘lvimkl,il,zi ki
Wherew(4) — e VI M Vllm i w,m w,mi

| .
mmn \/4Pcs|de Vlm /thm.' ﬁvl,m

- m

and the mapping from ; to k; and k, is given in Table 5.2.2.1-4
codebookMode = 1-2, Prg.rs? 16
i:I.,l i1,2 i1,3 i2
0..M% 1 | o..N0- 0123 | 01 | wW® . .
2 117127 13 2
e Ym Yim Yim Ym
e - N ~

@) 1 é qpvl,m - gvl,m pql,m - p\qm
whereW ) pn =———=6 . . N .

VAFcsirs g/ nVim JaVi,m - Mm T m

gn Wl,m - u(p\~[I,m - n,{)vlq n pﬁm‘

Table 5.2.2.2.1-9: Codebook for 5-layer CSI reporting using antenna ports 3000 to 2999+Pcs.rs
codebookMode =1-2
i1 i1 2 Iy
5
N2 >1 O’ : 'qu‘- 1 O’ ,N202 . 0’1 VVi1(‘11i)1‘1+011i 11 91.i 1,3- 1,5 1,20"‘E :
N,>2,N, 2 [ 0,..,NO-1 0 01| WO o & 000,
WhereW e Mm M\m Vimi Mmi Mm
| .

i m ﬂ \|/5Pc5| de VI m " /nVI,m VIi,m i VI,m| Yl,m
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Table 5.2.2.2.1-10: Codebook for 6-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1-2
11 i1 2 iy
- R (6)
N, >1 0 NG -1 | 0 NO- 1 | 00| WS (o h o o
(6)
N,>2,N, 2 | 0,...,NJO-1 0 01 Wil,l,imol.i 0,000,
WhereV\{(f} :#gv"m Vim Vim i Mmi i Mm i Momi
Ji mmmonT 7 . . . . )
l \/I GPCSI-RSd Vim ~ /im Mim T m Yom i Ym

Table 5.2.2.2.1-11: Codebook for 7-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

whereV\N)

codebookMode = 1-2
i:I.,l i1,2 i2
- N, )
N, =4,N, 2 | 0,... e 1 0 0,1 i1 4041, €0 1, 3 ,00,00,,
(7)
Nl > 41 N2 4 0"" ’NIQI._ 1 0 O’l \/\l|1‘1vi1.1+01'i 11 0 1j 11 ® 1’0’0’0’0’2
_ — _ _ (7)
Nl - 2’ N2 =2 0' ’qu' 1 O’ ,N202 1 O’l Vvi1,11i1,1+01ri 1,1j 1,1® f Lil 1,L 1‘20“' iz 1‘9 "irz
_ N,O, ()
Nl > 2’ N2 =2 0' ’qu'_ 1 O' ! 2 - 1 O’l Vvi1,11i1,1+01ri 1,1j 1,1® ﬂ Li. 1,L 1‘20“' iz 1‘9 "irz
- . -
N, >2,N, >2 0,....,.NjO,- 1 0,...,N,0,- 1 0,1 Wll,p'l,ﬁoyl W 1a® b Oy 10,
1 €Vim Vim Mimi Mmoo Mmoo Mmoo

i immmim nT i€ ; i :
\/7Pcs|.denVI,m = JoVim Momi Vismi Yim Mim Y mi

Table 5.2.2.2.1-12: Codebook for 8-layer CSl reporting using antenna ports 3000 to 2999+Pcs-rs

(8) -
whereWi i mmmim 0T

codebookMode = 1-2
iLl i1,2 i2
- NG ®)
meh E oy 1 0 01 W40, 4, 0000,
» ®)
Npz4 N, 2 0. NG - 1 0 0.1 W i,0,i 1, 01, ©,0000,,
- = ] ] ®
Nl - 2’ N2 = 0' ’qu' 1 O’ ,N202 : 0’1 Vvimvim'*ori 1‘1j 1‘1® ﬂ 1,1 1“5 1,9*' iz 1,9 'Hvz
N, >2,N, =2 0..,NO-1 | 0 NG, 4 | 01 we
1 ’ 2 e 1 ey 2 ! I1‘1’|1‘1+01'I 1,1J 1‘1®ﬂ 1,& 1‘5 l,p*‘ IE l,p -H'Z
] ] ®)
Nl > 2, NZ >2 0’.“ ’qu 1 0’... ’NZOZ 1 0’1 \/\/il,l’il‘l"‘ol’i 1,1j 1,19 J 1,; IL 1,p'- i2 1,p -HQ
1 €Mm Mm Mimi Mmi i Mm i Mmi Mmi Yim

T . . i .
\fgpcg.RsénVI,m '/nVI,m ﬁVIi,mi - n)”l,mj Yl,m iiVI,mi VI,mii Yﬁ,m

52222 Type | Multi-Panel Codebook

For8 antennaporfs3 000, 300,16anténnap8&®®FT Y0, 3 0 0 and 32éantenBadpd{S0po,
3 0 0 1 3034, and the UE configured withigher layer parametendebookTypset to'typel-MultiPanel,
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- The values ong, N,and N, are configured with the high&yer parametensg-n1-n2. Thesupported

configurationsof (Ng, N;, Nz) for a given number of CS&RS ports and the corresponding valuegof, o,)
are given in Table 5.2.2.2-1. The number of CSRS ports,Peg zs: IS 2Ng Ny N,

- When Ng =2, codebookModshall be set to eithét' or '2'. When Ny =4, codebookModshall be set tdl'.

The bitmap parameteig-n1-n2 forms the bit sequence, ,,...,a,a where a; is the LSB andaN1 is the MSB and

where a bit value of zero indicates that PMI reporismgpt allowed to correspond to any precoder associated with the
bit. The number ofits is given by A, = NJO N, O,. Bit a al+m is associated with all precoders based on the quantity

Vims 1=0,...,NjO; -1, m=0,...,N,O, -1, as defined belowlhe bitmap parameterRestrictionforms the bit
sequences,...I f o Wherer, is the LSB and, is the MSBWheny;, is zero,ii {0,1...,3 , PMI and Rl reporting are

not allowed to correspond to any precoder associatedtidth 4 layers.

Table 5.2.2.2.2-1: Supported configurations of (Ng, N;, Nz) and (0,,0,)

Number of
CSI-RS antenna ports, Pegirs (Ng’ va Nz) (01102)
8 (2,2,1) 4,1
(24.1) (4,1)
16 (4,2,1) 4,1
(2,2,2) (4,4)
(2,8,1) (4,1
(4,4,1) (4,1)
32 (2,4,2) (4,4)
(4,2,2) (4,4

Each PMI value corresponds to the codebook indiceadi,, wherei, is the vector

i _Féél l1p 11495 U=l
1=, . . .

T8 112 113 114 gul {234
is

and is the associated RI valu&/hencodebookModés set tal', i ,

_f 141 Ng =2

i1,4 I .. . . '
78141 142 1143@Ng=4

WhencodebookModés set to2, i, , andi, are
ha=8141 1142 8
iy =€2,0 PYRPY,

The mapping from, ; to k; and k, for 2-layer reporting is given in Table 522.1-3. The mapping fromi, ; to k;
and k, for 3-layer and 4ayer reportings given in Table 5.2.2.2-2.

- UE shall only use, , =0 and shall not report, ,, if the value ofNz is 1.
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Table 5.2.2.2.2-2: Mapping of i, ; to k; and k, for 3-layer and 4-layer CSl reporting

, N,=2,N, [ Nj=4,N, 2| N;=8N, =1 | N;=2,N, =2 | N;=4,N, =2
|

L3 kl k2 k1 k2 k1 k2 k1 k2 k1 k2
0 o] 0 O 0 O 0 O 0 O 0
1 20, 0 20, 0 0 O, 0 O,
2 30, 0 30, 0 O 0, O,
3 40, 0 20, 0

Several quantities are used to define the codebook elereetguantitiesy , a,r by Uy, andv, ., are given by

Jo= glpn/2
n

a, = &Pitd R/

bn:e-jp/“é p/2

ée jm ijmi(Nz—l) (4]

Te:l eozNz e O,N, L:,IN2>1
Un =1§¢ u

Te u

i 1 No,=1

& .20l 201N~ 1) s
Vigm = S e My, e A% ung

e u

Furthermore, the quantitiéA{?,’TTgp”ln andV\{’zr;,'\";’)”:] (Ng i {2,4} ) are given by

€ Vim @ e Mm
e : u e
What = 1 & /naYim U221 = 1 & /oVim
m,p,n é / v u VVm, pn é vV
VFesirs g 7 pVim § VPcsirs g /nVim
€n/pVim " @ Mm
e  Vim o € Vim
é u é .
é / nVI,m u é'/ nVi,m
€ j, vy U €/ .V
é Ry g P
141 1 gln/plvl,m 3W241 B 1 '/21 JpVim
m,p,n A EERY’ YV m, p,n T =7
\/PCSI-RSS J p,Mim 3 JPesirs €7 0 Vim
d n/pzvl,m u '/é1 /pZVI m
é ; u é;
é ./ p3V|,m U é/ Ps l,m
gnjgvl,m H _/81/%\/””
where
B P, Ng =2
p_

e P o] N =4

- 1N, ,2 2,N,,2 .
and the quantitie¥\{ /%", and W 0 (N, = 2) are given by
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é Vim 2 € VMm
é . u e
Wh22 = 1 é /nVim UW2,2,2 1 é nVim
Impn- = — @& uMmpn T =/ 2
e \IPCSLRséaPlbthLm u men N Pcsirs gﬁbﬂ\{m
?pzkhvl,m H - &%Vm
where
p=[n p]
n=[n n n

Thecodebooks for 4 layers are given respectively in Tables&22-3, 5.22.2.2-4, 5.22.2.2-5, and 5.22.2.2-6.

Table 5.2.2.2.2-3: Codebook for 1-layer CSI reporting using antenna ports 3000 to 2999+Pcs-rs

codebookMode =1, Ng | {2,4}
i11 iy o i14gr 9=1...,Ny -1 iy
0,...,NO-1]0,..,N,O,- 1 01,27 0122 | W
1 _ N, 1
WhereV\{fn{p’n = ,m,gp,n'
codebookMode = 2, Ng =2
i1 i10 i1’4q,q =12 i20 izyq, g=12
0,...,NjO -1 | 0,...,N,O,- 1 0,1,2,2 0,1,2,2 0,1 Wi(l)i P
1) _ N, .2
whereV\{ym’p’n =W ' n-

Table 5.2.2.2.2-4: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode =1, Ng i {2,4}

11 iy, iagr d=L...,Ng 1| I
: : : @
0.... ,qu 1 0.,... ,N202 1 0’1’ 2"' 0’1 \/\/'1,1v|1,1+k1'| 12 1‘2k5 14 2
1 A, 4N 1 N, 1
2 — ] il y i
whereV\/,fl i}T]’m = ﬁé ,m‘gp,n mi p, ni

and the mapping fromj ; to k; and k; is given in Table 5.2.2.1-3.

codebookMode = 2, Ng =2

i1q i1 2 i14q:d=L2] i54,9=0,12
- - 7 (2)
0"" ’qu- 1 0’ ’N202 1 0’1’2“' 0’1 i1,1yi1,1+k11i 1,2j 12 kj LL 2
@) _ L oapaiNg.2 N, 2
Wherevvu imm,p,n _ﬁé m,p,n ,mi, p, ni

and the mapping from ; to k; and k, is given in Table 5.2.2.1-3.
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Table 5.2.2.2.2-5: Codebook for 3-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

Table 5.2.2.2.2-6: Codebook for 4-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

5.2.2.23

For 4 antennapor{s3 0 0 0,
3011}, 16 antenna porfs 3 0 0 0 ,

3001,

- The values ofN, and N, are configured with the highéayer parameten1-n2-codebookSubsetRestrictiorhe
supported configurationsf (Nl, N2) for a given number of CSRS ports and the corresponding values of
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codebookMode =1, Ng | {214}

i:Ll i1’2 i1’4g1 q::l_,...,Ng -1 i2
. . 7 3
0,..,NJG-1] 0,...,N,0,- 1 0,1,2,2 0,1 i K i1 1ok d
®3) _ 1 a,0N N, L N, 1
Where\MJ imm,p,n~ ﬁé m,p.n ,mi, p, ni ,m, p,n

and the mapping from ; to k; and k; is given in Table 5.2.2.2-2.

codebookMode = 2, Ng =2

11 5 i 4gd=12 | i, 0=0,1,2
- - 2 (3)
O,“' ,qu' l O’ ’NZOZ 1 071,2’\‘ O’l \A/i1,1vi1,1+k 1vi 1‘21- 12* ﬂ 1‘1 2
3) _ 1, N .2 N, .2 N, .2
whereW " p i o b

limm,p,n _ﬁé m,p,n

and the mapping from ; to k; and k, is given in Table 5.2.2.2-2.

codebookMode =1, Ng i {2,4}

i s i aqr d=L...,Ng 1| i
- - q (4)
0,..,NjO,- 1| 0,...,N,0,- 1 012,32 0.1 | W i ki
4 1 5.aN N, 1 N, 1 N, 1
WhereVV” imm,p,n "~ ﬁé m.pn M, i .. m, pin

and the mapping fromj ; to k; and k; is given in Table 5.2.2.2-2.

codebookMode = 2, Ng =2

i i, . =12 i, q=0,12
- - 7 (4)
O"" ’qu- 1 0’ ’N202 1 0’1’2“‘ 0’1 i1,1yi1,1+k11i 1,2j 12 kj LL 2
(4) _ 1. N, .2 N, .2 N, .2 2N, .2
WhereV\ll ,Mi, p, Ni ,m, PN ,m, pin

limm,pn~ ﬁé m,p,n
and the mapping from ; to k; and k, is given in Table 5.2.2.2-2.

Type Il Codebook

3 0 0, 8 anterna podsB}0 ,
300 24anténnap8®3iGO 0,
€, and th® Bbnfigured withhigher layer parametenodebookTypset to'typell’

300,12anténnap&®1IT Y O,
3 0 0, &nd 32éanten3a(p@{30po,

(0,,0,) are given in Table 5.2.2.1-2. The number of CSRS ports,Peg;rs, IS 2NN, -

- The value ofl is configured with the highdayer parametenumberOfBeamsvherel =2 when P.g, g = 4

and Li {2,3,4 when Regrs>4.

3GPP
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- The value ofNg is configured with the higheayer parametephaseAlphabetSizevhere Npg, 1 {4,§ -

The UE is configured with the highltyer parametesubbandAmplitudset to'true or false.
- The UE shall not report RI > 2.

When (¢ 2, where,, is the associated Rl value, each PMI value corresponds to the codebook iindiugis where

i1 — ?@11 fl,z ' 1,31 ' 1,41 @ . u=1

1611 P12 Taga Taanl 1320 14280 =2

Cf.11 @ subbandAmplitude ‘false’, v =1
Co_ } €201 1212 @ subbandAmplitude ‘false', v =2
2" % @2,1,1 i201 @ subbandAmplitude ‘true; v =1

[ 8211 §221 §212 1 22, @subbandAmplitude= true’, v =2

The L vectors combined by the codebook are identified by the indjgeand i, ,, where

i1 [Q1 QZ]
ql {01..0 -3
%1 {01...0, -}
g . aN;N,g fl
i, 1 1012 & 1L 8- 1
N
Let
= gn®,.. - ?
n, =&ns,... Y
i {0,1,...,N, -}
nd i {0,1,..,N, -}
and
gax o, y
clxy)=1gy 2" 7.
,l 0 x<y

where the values of (x, y) are given in Table 5.2.2.31.

Then the elements afy, and n, are foundrom i, ,using thealgorithm:

S.=
fori=0,..,L -1

Find the Iarges?(*i {L 1ok NN, 1 i} in Table 5.22.2.31 such thati; ,- §_; 2C(x*, L |-)

q:C(i,L-i)
§=5.
=nNN, 4 X

nf) =l mod N,
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When n; and n, are known,j, , is found using:

o) = Nlrg) +rf) where the indice$ =0,1,.. L -lare assigned such thdl increases a increases
L-1 .
i, =& C(NlNz 1 d) L |) wherec(x y) is given in Table 5.2.2.31.
i=0
- If N,=1, =0 andnd’ =0 for i =0,1,.. L -1, andq, is notreported.
- When (N, N,) =(2,1), n, =[0,4 and n, =[0,q], andi, , is not reported.
- When (N, N,) = (4,2) and L=4, m =[0,1,2,3 and n, =[0,0,0,3, andi, , is not reported.

- When (N, N;) =(2,2)and L=4, m, =[0,1,0,} andn, =[0,0,1,3, andi, , is not reported.

Table 5.2.2.2.3-1: Combinatorial coefficients c(x y)

y 1 2 3 4
X
0 0 0 0 0
1 1 0 0 0
2 2 1 0 0
3 3 3 1 0
4 4 6 4 1
5 5 10 10 5
6 6 15 20 15
7 7 21 35 35
8 8 28 56 70
9 9 36 84 126
10 10 45 120 210
11 11 55 165 330
12 12 66 220 495
13 13 78 286 715
14 14 91 364 1001
15 15 105 455 1365

The strongest coefficient on layed =1... v is identified byi, . i {0,1,..,2 -}.

The amplitude coefficient indicatorig ,, andi, ,, are

14y = : |(,%J)’|ﬂ(,l)v-w"?(,l£- 1
2 = &9 KD KD 4
ki {o1...3
kPi{o3
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for | =1,...,&/. The mapping frorrkl(’il) to the amplitude coefficien (}) is given in Table 5.2.2.3-2 and the

mapping from kI('iZ) to the amplitude coefficienp|(’i2) is given in Table 5.2.2.3-3. The amplitudecoefficients are
represented by

l 1 1
2 2 2
fOI‘ I —l,...,U.

Table 5.2.2.2.3-2: Mapping of elements of i, ,,: k|(1) to p(l)

K® @
)| )|

0 0

1 \ /1/ 64

g Yy

N
NI

Table 5.2.2.2.3-3: Mapping of elements of i, ,, : k|(2) to p(z)

kl(,iZ) I(,iZ)
0o | 2
1 1

The phase coefficient indicators are

1) =8 0G 26 p- 1
for | =1,...,u.

The amplitude and phase coefficient indicators are reported as follows:

- The mdmatorskfl) =7,k =1,andG; =0 (1=1..0) K , K  andG;  are not reported for
I=1...u.
- The remaining2L - 1 elements ofi, ,, (I =1...u) are reported, Wherkﬁ( i {o {01...% . Let m,

(I =1...,u) be the number of elements if,, that satisfyk|(’i) >0,

- The remaining2L - 1 elements ofi, ,, andi,,, (I =1,...,v) are reported as follows:
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- WhensubbandAmplitudés set tofalse€,

- kff) =lfor | =1,..,t,andi =0,1...,2 -1, isnotreported fot =1,...u.

. - el
- Forl=1,...,u, the elements of, ,, corresponding to the coefficients that saukfy) >0, i3, @S
determined by the reported elements.of, , are reported, wherg ; i {0,1...,Npg -} and the
remaining2L - M, elements ofi, ,, are not reported and are setdp=0.

- WhensubbandAmplitudés set totrue,

- Forl=1...,u, the elements of, ,, andi,,, corresponding to thenin(M| ,K(Z))— 1 strongest
coefficients(excluding thestrongest coefficient indicated by;, ), as determined by the corresponding
reported elements af ,, , are reported, wherh(f) i {0]} andg; i {0,1... ,Npgk -} - The values of
K® are given in Table 5.2.2.3-4. The remaining2L - min(M| ,K(Z)) elements ofi, ,, are not

reported and are set KS'Z) =1. The elements of, ,, corresponding to thé/, - min(M| ,K(Z)) weakest

non-zero coefficients are reported, whegg i {0,1,2,3 . The remaining2L - M, elements ofi, ,, are
notreportedand are sette; =0.
When two elementss) andk®) | of the reported elements of identical k% = kY, th

- X v p of ,, are identical &'y y ), then
elementmin(x, y) is prioritized to be included in the set of tmin(M, ,K(Z))- 1 strongest coefficients

for i, ., andi,,, (I =1...,t) reporting.

Table 5.2.2.2.3-4: Full resolution subband coefficients when subbandAmplitude is set to 'true’

K®

4
4
6

A w|N| —

Thecodebooks for 2 layers are given in Table 522.3-5, where he indicesm{® and m{’> are given by

m =qrf) +q
m) =) +g

for i =0,1... L -1 and he quantities ;i + Um, andy, ., are given by
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€el27%: /Nes gubbandAmplitude ‘false’

[
}e‘ch'v'/NPSK subbandAmplitude rue’, mir( M, i@) strongest coefficients (lading ; 4, ) with R > 0

Jii =i
' 1e/%%/*  subbandAmplitude true;, mi , ¥ weakestoefficients withk® > 0
p i

T
f1 subbandAmplitude #rue’, 2 £ M coefficients with® = 0
Aéé i 2pm i 2pm(N,-1)
f& e .. e O UN,>1

=l :
i
i 1 No,=1
& 20! |22 (N, ) s

_a N, >

Vl,m — gum e 01 |+n e 01N1 L’n 3

& a

Table 5.2.2.2.3-5: Codebook for 1-layer and 2-layer CSl reporting using antenna ports 3000 to

2999+Pcs|zqs
Layers
- @ =
u _1 qu,qz,nl,nz, dl)v éz):EM VV; O, My, Ny, ﬁ) , 5') vhas
1 =
_ () =YY
u= 2 qu,qz,l'h,rh, él) s éz)xb,l,lr Fg) , éz) Vo2 _\/E @ Q1 Q2 Ny Ny é’l) s &) Ji2aa \/\F(]1 gz Ny N3 g) s 5) PEP
e ot . a
Z 1) K2 N
1 é aA Voo . R Ri7 u
where W' — e ul 4,2,
&%, B, 67 ¢ 1 g ekl O @ U
N;N, a (p(j) P(l)) oA Vi o R Ri'e/1i e U
i=0 €i=0 u
and the mappings from to ¢, 0o, My, Ny, p®, andpl’ , and from, t0 i, ; 4, ip; 5, pi® and pi? are as described
above, including the ranges of the constituent indicdg afdi, .

When the UE is configured withigher layer parametendebookTypset to'typell’, thebitmap parameteypelk
RIRestrictionforms the bit sequencg,r, wherer, is the LSB and is the MSB.When; is zero,ii {0,3 , PMI and

RI reporting are not allowed to correspond to any precoder associatet! with4 layers.The bitmap parameterl-
n2g£odebookSubsetRestrictidorms the bit sequencB = B, B, where bit sequenceB, , and B, are concatenated to

form B . To define B, and B, , first define theQ,0, vector groupsG(r,r,) as

G(rl,rz):{lerlﬂszrz %X BLLN X, GL. N, }1
for

ni{01..0 -1
rni{0L..0,-1

The UE shall be configured with restrictions for 4 vector groups indicate(dl(ﬂyrz(k)) for k=0,1, 2,3 and identified
by the group indices

¥ =g
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for k=0,1,..,3, where thandices are assigned such trgl(t ) increases ak increasesThe remaining vector groups
are not restricted.

k
- If N, =1, g( ) =K for k=0,1,..,3 and B, is empty.

- If N,>1, B = Q(lo)”- tio) is the binary representation of the integgr where bl(lo) is the MSB an(bl(o) is
the LSB b, is found using:

by :k'aioc(olo2 1 9.4 i,
where c(x y) is definedin Table 5.22.2.31. The group indicesg(k) and indicators(rl(k),rz(k)) for
k =0,1,2,Z may be found fromé, using the algorithm:
s;=0
for k=0....,3
Find the largesX | {3 -k...,Q0, 1 R suchthats,- s, 2C( X,4 k)
g = C( X,4 k)
S = S1 &
0 =00, 1 «
rl(k) = g(k) modQ,
Ir2(k) = w
O
The bit sequencd, = Bgo) Iél) ézz) Eg;’ is the concatenation of the bit sequen%@ for k=0,1,..,3, corresponding

(k)

to the group indiceq)" . The bit sequenc@ék) is defined as

ng) - bgk,ZNM-J)_,,t{ZK@

Bits bgk,Z(lezﬂa) i)bgk,?( Nx %)

o . . (@ . (k)
indicate the maximum allowed amplitude coefﬂuqq&i) for the vector in groud

indexed byx;, x,, where the maximum amplitude coefficients are given in Tabl2.3.2-6. A UE that does not report
parameteamplitudeSubsetRestrictien'supportedin its capability signalings not expected to be configured with

Table 5.2.2.2.3-6: Maximum allowed amplitude coefficients for restricted vectors

Maximum
Bits Amplitude
k, + K, Coefficient
bg AN, >s)1‘l)b(2 ANx %) e
(N
00 0
01 Ja
10 12
11 1
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5.2.2.2.4 Type Il Port Selection Codebook

For 4 antennaporfs3 000, 300, 8anteéna po@sBMON}0, 300 12anteénnap8PIPITP0, 3001,
3011}, 16 antennaporfs3 000, 300,24 anténnap8®3ad GO0, 30 0 and 32éantenBafp@{30po,
3001, é and & WEIdnfigured withigher layer parametendebookTypset to'typell-PortSelectioh

- The number of CSRS ports is given by g, i {4,8,12,16,24,3as configured by higher layer parameter
nrofPorts

- The value ofl is configured with the highdayer parametemumberOfBeamswhere|. =2 when Pesirs = 4
and Li {2,3,4 when Peg.rs>4.
- The value oftl is configured with the higher layer paramatertSelectionSamplingSizethered i {1.2,3.3

andd ¢min§ePCST'-RS,L :
¢

- The value ofNpg is configured with the highdayer parametegphaseAlphabetSizevhere N, i {4.§ -

- The UE is configured with the highkyer parametesubbandAmplitudset to'true or ‘false.
- The UE shall not report Rl > 2.

The UE is also configured with the higher layer parantgfell-PortSelectionRRestriction The bitmap parameter
typell-PortSelectionRRestrictionforms the bit sequence,r, wherer, is the LSB and; is the MSB.Whenr, is

zero,ii {0,34 , PMI and RI reporting are not allowed to correspond to any precoder associatédwitht layers.
When (¢ 2, where,, is the associated Rl value, each PMI value corresponds to the codebook iinditgis where

| _Feel i131 11419 u=1
170
[@11 l131 11411 1321 142U =2

egzll g subbandAmplitude false’, v =1
| 1 8211 1212 8 subbandAmplitude: false', v =2
2 | 8211 1221 8 subbandAmplitude ‘true’, v =1

I@ZM i221 1212 1 222 @subbandAmplitude true', v =2

The L antenna ports per polarization are selected by the indexvhere

. & eRcsirs 24
ii;1 70,1... .5 ~1
aall €20 UV
The strongest coefficient on layed =1.... i is identified byi 4 1 {0,1...,2 -}.

The amplitude coefficient indicatorig ,, andi, ,, are

1 1 1
iy = &B kD, kY
2 2 2
K@ KD, k@

ip2) =
ki {o1...3
kPi{o3
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. The mapping frorrkl(’il) to the amplitude coefficien (}) is given in Table 5.2.2.3-2 and the

mapping from kI('iZ) to the amplitude coefficienp|(’i2) is given in Table 5.2.2.3-3. The amplitudecoefficients are

represented by

1) _ oA 1 1
P =en% RY. . 0%

2) _ a2 2 2
P =09 g9 9% 4

for1 =1,...,u.

The phase coefficient indicators are

i21) =& 0G 26 p- 1

for | =1,...,u.

The amplitude and phase coefficient indicatorsreperted as follows:

- The indicatorslﬂ(,ill)m =7, kfi)al =1,andG; =0 (I=1...0). k|(,i11)3j K
I =1,.

@)

13

, andq,ilv31 are not reported for

LU

- The remaining2L - 1 elements ofi, ,, (I =1,...,v) are reported, wher&{il)l' {01,...3 . Letm,

(=1,

..,U') be the number of elements f, , that satisfykf? >0,

- The remaining2L - 1 elements ofi, ,, andi, ,, (I =1...,u) are reported as follows:

- WhensubbandAmplitudés set tofalsé€,

k,(f) =lfor | =1,..,t,andi =0,1,...,2 -1 i,,, isnotreported fot =1,....u.

. - 1AL
Forl=1,...,u,the M, - 1 elements ofi, ,, corresponding to the coefficients that satlkfy) >0,
i, i4 ,as determined by the reported elements gf , are reported, wherg; i {0,1... ,Nps¢ -} and
the remaining2L - M, elements ofi, ,, are not reported and are setfp=0.

- WhensubbandAmplitudés set totrué,

Forl =1,...,u, the elements of, ,, andi, ,, corresponding to thenin(M| ,K(Z))— 1 strongest

coefficients(excluding the strongest coefficient indicatediy, ), as determined by the corresponding
reported elements af ,, , are reported, Wherb(,iz) i {0,]} andg; i {0,1,.. ,Npgk -} - The values of
K® are given in Table 5.2.2.3-4. The remaining2L - min(MI ,K(Z)) elements ofi, ,, are not

reported and are set th) =1. The elements of, ,, corresponding to thé/, - min(M| ,K(Z)) weakest

non-zero coefficients are reported, whege i {0,1,2,3 . The remaining2L - M, elements ofi, ,, are
notreportedand are sette; =0.

When two elementéﬁ(}} and kfl)z of the reported elements gf ,, are identical K(lx) = K(ly) ), then

elementmin(x, y) is prioritized to be included in the set of tmin(M| ,K(Z))— 1 strongest coefficients

for i, , andi,,, (I =1...,u) reporting.

3GPP



Release 16 82 3GPP TS 38.214 V16.1.0 (2020-03)

Thecodebooks for 2 layers are given in Table 522.4-1, where hequantity; . is given by

ée" 276, /Nesk subbandAmplitude false'

1e'2p°'*'/NPSK subbandAmplitude true’, mir( M, i@) strongest coefficients (lading 4 §, ) with R > 0
S =
' 1e%%/% subbandAmplitude true’, M mir( M, R)) weakestoefficients withk} > 0

—_— =) =) —i—

1 subbandAmplitude #rue', 2 £ M coefficients Withl(ﬁ() =0

and v, is a Feg.rs/2 -€lement column vector containing a value of 1 in elenfeftnod R rs/ 2 and zeros
elsewhere (where the first element is element 0).

Table 5.2.2.2.4-1: Codebook for 1-layer and 2-layer CSI reporting using antenna ports 3000 to

2999+Pc5|zas
Layers
- ) =
U—l W pil) p1) 211 |1v1,p£1),p1(2),i 211
1 s
= W(Z) -
u 2 il,lpl pl '211pz Pz)'212 \/_@ '1191)P1()'211 V\'Fl.Pél)vpgz)j 21,2
A L-1
€ 4 M G@f 4
1 e _a_ovimdﬂ RV R u
whereW' L, o =o€ al 4,2,
Al L o2 €a D 6 u
a ( |(| R ) g Via«i Rie R/ o+ 0
i=0 €i=0 u
and the mappings from to i, ;, p®, and p$H and fromi, t0 i, 1 4, i,4,, p® ,and pf? are as described above,
including the ranges of the constituent indices$; aindi, .

- Thevalues off and( are configured with the higher layer paramet&n2-codebookSubsetRestrictioh6.
Thesupported configuratiorsf O R)  for a given number of CSRS ports and the corresponding values of

O RS are given in Table 5.2.2.22. The number of CSRS portsp ,is¢0 0 .

- The values ob,T andr| are determined by the higher layer paramptgamCombination16, where the

mapping is given in Table 5.2.2.215
- The UE is not expected to be configured vailtamCombinatiofr16 equal to
- 3,4,5,6,7, or 8 whe T,

- 7 or8when oC

- 7 or 8 when higher layer parametgpéll-RI-Restrictionrl6 is configured with ~ p for any’Q p.

- 7or8wheny ¢.

- The parametel is configured with the highdayer parametemumberOfPMISubbandsPerCQISubbaiitiis
parameter controls the total number of precoding matticeésdicated by he PMI as a function of the number
of subbands irsiReportingBandthe subband size configured by the higlesel parametesubbandSizand

of the total number of PRBs in the bandwidth part according to Table 52.44follows:
- WhenY p:

- Oneprecodingmatrix is indicated by the PMI for each subbamdsiReportingBand

3GPP
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- WhenY ¢

- For each subband osiReportingBandhat is not the first or last subband of a BWP, two precoding
matrices are indicated by the PMI: the first precodingrimnaorresponds to the firét  ¥¢ PRBs of the
subband and the secoprecodingmatrix corresponds to the last ¢ PRBs of the subband.

- For each subband @siReportingBandhat is the first or last subband of a BWP

- F 6 T A ——, oneprecodingmatrix is indicated by the PMI corresponding to the
first subband. If6 ;1 T A& ——, two precodingmatrices are indicated by the PMI

corresponding to the firstubband: the firgbrecodingmatrix corresponds to the first—
o6 I T A PRBs of the first subband and the secpretodingmatrix corresponds to the

last—— PRBs of the first subband.

-6 5 0 51T A ——, oneprecodingmatrix is indicated by the PMI corresponding
tothelastsubband. 16 G0 11T A& ——, two precodingmatrices are indicated by

the PMI corresponding to the last subband: the firstodingmatrix corresponds to the first—
PRBs of the last subband and the seqmedodingmatrix corresponds to the last

6 5 06 I T A —— PRBs of the last subband.

Table 5.2.2.2.5-1: Codebook parameter configurations for 2h  and mm,

paramCombinatiof n .
ri6 N phy TN ooft
1 2 Ya 1/8 Ya
2 2 Ya 1/8 %3
3 4 Ya 1/8 Ya
4 4 Ya 1/8 %
5 4 Ya Ya Ya
6 4 3 Ya %3
7 6 Ya - Y2
8 6 Ya - Y

- TheUE shall report the RI valutaccording to the configured higher layer paramsteell-RI-Restrictionrl16.
The UE shall not repoit .

ThePMI value corresponds to the codebandices ofi, andi, where

=G G R QR G t p
R T T * T O T O TR ¢ TR O T O T O T ¢
Q GG G G Qe Qe Qe Qe G Ge Qe Qe o
P9 G Qn Qr Qr QG Qs R B Qe G Qn Qe s ¢
o FR R s t p
‘Q EO TN O T O T O T O T N O I ¢
P e e Qe Qe Qe Qs Qs Qg t o
VO THENC TN T T O T O T O T T O TH O T © T O 1 s ¢

Theprecodingmatrices indicated by the PMI are determined fiom0 vectors.

Ovectorsv . FQ mipB i p, are indentified by the indices M FE , ¢ , indicated byQ,, ", obtined as in
5.2.2.2.3where the values @ ¢hw are given inTable 5.2.2.2 5%
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0 4 r‘]i%’ vectors &y hop B o ; ,’Q 1ipB R p, are identified by (ford  p dand
¢y o phB A where
i} noo¢d phcd B

QN mpB R p

mi)Fsﬁg FL; p 0 pw
Qin N L. va) p

T|f||)h%5h0 N p 0 pw

u§¥| Fl ’i’g)ﬁ Tg)ﬁ

fora pf8 At

The phase coefficient indicat®@, ; is

fora pf8 fits

LetU 0 c00 p6The bitmap whose nonzero bits identify which coefficient€if and’@, ;, are reportedis
indicated byQ;

Gr %8G
O QR8T
Qs N TP
fora pf8 ff, such that) B B Q; U isthe number of nonzero coefficients for lageer pi8 hit and
0 B v qL is the total number of nonzero coefficients.

The indices ofQ;, "Gy and'Q, ; are associated to tle, codebook indices ib .

The mapping fronk; to the amplitude coefficient, is given inTable 5.2.2.2.2 and the mapping froﬁﬁzﬁﬁ to the
amplitude coefficieni) - is given inTable 5.2.2.2.8. The amplitude coeffients are represented by
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Np Ner8NR &
fora pf8 ht.
Let'Q~ mipB ) p be the index ofQ,; and'Qv TipfB ltd  p be the index ok, - which identify the

strongest coefficient of layéri.e., the elemeri®;.: .- of ‘Giy, for & pfB fit. Thecodebookindices of 5 are

remappedvith respect tcid% ast ot ‘scﬂ% i T Mg such that‘:dg m, after remappingThe indexQs
remapped with respect’aﬁaas"Q "Q "1 T A, such that the index of the strongest coefficie’r‘tfgis (&

pf8 ft), after remappingThe indices o Qo @nd Gy indicate amplitude coefficients, phase coefficients and
bitmap after remapping.

The strongest coefficient of layéis identified byQ,s ¥ ipf8 ltd  p , which is obtained as follows

B O p F p

e Q p I T
fora pf8 At
Table 5.2.2.2.5-2: Mapping of elements of
7 7 7
0 Reserved 4 P 8 L 12 p
¢gmt Y pPQyY g
1| 2 5 L 9 P 13 P
Vip ¢y QL Ny Vg
7 7 T 7
2 | _P_ 6 P 10 L 14 P
Up wg upg oC C
3 P 7 P 11 i 15 1
v T C

The amplitude and phase coefficient indicators are reported as follows:
- Q. pvQr: X, Qe panddpp T A pB AE . TheindicatorQ -, Q... anddy:; are not
h— h—

reported forx  pf8 .

- TheindicatorQ - is reported fotx  pF8 .
h —

- Thel f indicatorsQ;; for which'Q;;  p,"Q "GHQ mare reported.
- Theo t indicatorscoj; forwhich’QﬁF1 p,"Q "CHQ mare reported.

- Theremainingtdtd t° 0 indicatorsQ;; are not reported.

3GPP



Release 16

- The remainingdto t’

Table 5.2.2.2.5-3: Mapping of elements of
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0 indicatorsiy, are not reported.

Bn -
0 L
WwiC
1 p
"
2 L
TNQ
3 p
T
4 L
48
5 p
G
6 P
48
7 1

The elements af and¢ are found froniQ, using the algorithm described in 5.2.2.2vBiere the values d@f afto
are given infable 5.2.2.2.51.

For( p o)

For all values ob , €

is identified by'Q, .

from'Qr & pfB Ak, ford
in Table 5.2.2.2.81 and thealgorithm:

i s

for'Q phB

p

Find the largesis ¥ 0

Qi

Q 6 hD,

else

1

6 S

0

nifor & pMB ht. The nonzero elements df;, identified by ¢ M R ;  hare found

p wand fromQ; a phB Rt andd ,for0  p usingd ¢hw as defined

p "8 H)
-

p

"Qin Table 5.2.2.2.581 such that

3GPP



Release 16 87 3GPP TS 38.214 V16.1.0 (2020-03)
€ A €
else
€ & 0 ¢O
end if
end if
Table 5.2.2.2.5-4: Combinatorial coefficients F ofx
y
1 2 3 4 5 6 7 8 9
X
0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0
2 2 1 0 0 0 0 0 0 0
3 3 3 1 0 0 0 0 0 0
4 4 6 4 1 0 0 0 0 0
5 5 10 10 5 1 0 0 0 0
6 6 15 20 15 6 1 0 0 0
7 7 21 35 35 21 7 1 0 0
8 8 28 56 70 56 28 8 1 0
9 9 36 84 126 126 84 36 9 1
10 10 45 120 210 252 210 120 45 10
11 11 55 165 330 462 462 330 165 55
12 12 66 220 495 792 924 792 495 220
13 13 78 286 715 1287 1716 1716 1287 715
14 14 91 364 1001 2002 4004 3432 3003 2002
15 15 105 455 1365 3003 5005 6435 6435 5005
16 16 120 560 1820 4368 8008 11440 12870 11440
17 17 136 680 2380 6188 12376 19448 24310 24310
18 18 153 816 3060 8568 18564 31824 43758 48620
When¢  andD are known'Q, and'Q,; a pf8 ht are found as follows:

- If 60 p@wQ mandisnotreported; B 60 p &M "Q,whered ofw is given in
Table 5.2.2.2.8 andwhere the indice®) ph8 R p are assigned such that; increases a%increases
- If0 p D is indicated by, , which is reported and given by
. 0 0 i
S b b0 m

Only the nonzero indices ; ¥ "O¢ pwiereO¢ o YO Qi 1T & RQ mipf8 kb  p , are reported,
where the indice®) ph8 p are assigned such that; increases a¥increasesLet
. € gy, 0 qy) .
E M ar h o b h 0 I p h
€K v (V) € i U U P

thenQyr; B 6 ¢0 p & M "Q,whered afw is given inTable 5.2.2.2.5.
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