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Foreword

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

The contents of the present document are stutgemntinuing 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 version nunfokowas:

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 substancechaidal 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 physical layer prodedamsrol
operationsn 5G-NR.

2 References

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

[1] 3GPP TR 21.905: "Vodtamlary for 3GPP Specifications"

[2] 3GPP TS 38.20I'NR; Physcal Layeri General Descriptich

[3] 3GPP TS 38.202NR; Serviceprovided by the physical layer

[4] 3GPP TS 38.21I'NR; Physical channels and modulation

[5] 3GPPTS 38.212!'NR; Multiplexing and channel codirig

[6] 3GPP TS 38.214'NR; Physical layer procedures for data

[7] 3GPP TS 38.215NR; Physical layer measuremeéhts

[8-1] 3GPP TS 38.101: "NR; User Equipment (UERdio transmission and receptjd®art 1:Range 1
Standaloneé

[8-2] 3GPP TS 38.102: "NR; User Equipment (UE) radio transmission and recepRant 2: Range 2
Standaloné

[8-3] 3GPP TS 38.108: "NR; User Equipment (UE) radio transmission and recepRant 3: Range 1
and Range 2 Interworking operation with other ratios

[9] 3GPP TS38.104:"NR; Base Station (BSadio transmission and reception

[10] 3GPP TS 38.133NR; Requirements for suppmf radio resource managemeént

[11] 3GPP TS 38.32I'NR; Medium Access Conti (MAC) protocol specificatioh

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

[13] 3GPP TS 36.213'Evolved Universal Terrestrial Radio AccessUERA); Physical layer
procedure’s

[14] 3GPP TS 36.32 "Evolved Universal Terrestrial Radio AccessERA); Medium Access
Control (MAC) protocol specification”

[15] 3GPP TS 37.213Physical layer procedures for shared spectrum channel dccess

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givefi41.90% and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if,arig, 24.80% A
paraneter referenced iitalics is provided by higher layers.

3.2 Symbols

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

3GPP
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3.3

For the purposes of the present document, the abbreviations giver2th 90% [1] and the folloimg apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,
in[1, TR 21.90%.

Abbreviations

BPRE Bits per resource element

BWP Bandwidth part

CB Code block

CBG Code block group

CBR Channel busyatio

CCE Control channel element
CORESET Control resource set

CP Cyclic prefix

CRC Cyclic redundancyheck

CSl Channel state information

CSS Common search space

DAI Downlink assignmentidex

DC Dual connectivity

DCI Downlink controlinformation

DL Downlink

DL-SCH Downlink shared lsannel

EPRE Energy per resource element
EN-DC E-UTRA NR dual onnectivitywith MCG using EUTRA and SCG using NR
FR1 Frequency rangé

FR2 Frequency range 2

GSCN Global synchronization channel number
HARQ-ACK Hybrid automatic repeat request acknowledgement
MCG Master cell group

MCS Modulation and coding scheme
NE-DC E-UTRA NR dual onnectivitywith MCG usingNR and SCG using £/TRA
NR-DC NR NR dual connectivity

PBCH Physical broadcast channel

PCell Primarycell

PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel
PRACH Physical random access channel
PRB Physical resource block

PRG Physical resource block group
PSCell Primary scondary cell

PSBCH Physicalsidelinkbroadcast channel
PSCCH Physicalsidelink control channel
PSFCH Physicalsidelink feedbackchannel
PSS Primary synchronization signal
PSSCH Physicalsidelink shared channel
PUCCH Physical uplink control channel
PUCCHSCell PUCCH ScCell

PUSCH Physical uplikk shared channel
QCL Quasico-location

RB Resource block

RE Resource element

RLM Radio link monitoring

RRM Radio resource management

RS Reference signal

RSRP Reference signal received power
SCG Secondary cell group

SCI Siddink control information

SCS Subcarrier spacing

SFCI Siddink feedbackcontrol information
SFN System frame number

SL Siddink

3GPP
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SLIV
SPS
SR
SRI
SRS
SSS
TA
TAG
TCI
ucCl
UE
UL
UL-SCH
uss

Start and length indicator value
Semipersistent scheduling
Scheduling request

SRS resource indicator

Sounding reference signal
Secondary synchronization signal
Timing advance

Timing advance group
Trangnission Configuration Indicator
Uplink control information

User equipment

Uplink

Uplink shared bannel

UE-specific search space

3GPP
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedui@ a UEto acquire time and frequency synchronization with a celltamtdtect the
physical layer Cell ID othe cell.

A UE receives the following synchronization signals (SS) deoto perform cell search: the primary synchronization
signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211].

A UE assumsthat reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive
symbols, as defined in [4, TS 38.211], and form a SS/PBCH bldek UE assunsthat SSSPBCH DM-RS and

PBCH datehave sam&PRE The UEmay assume that thiatio of PSS EPRE to SERE in a SS/PBCH blodk

either 0dB or 3dB. If the UE has not begprovided dedicated higher layer parameters, the UE may assume that the
ratio of PDCCH DMRS EPRE to SSS EPRE is witt8rdB and 8 dB when the UE monitors PDCCHs for a DCI
format 1_0 with CRC scrambled by-BNTI, P-RNTI, or RA-RNTI.

For a half frame witfsS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocHstarenined
according to th&CSof SS/PBCH blockas follows where index 0 corresponds to the first symbol of the first slot in a
half-frame

- Case A- 15kHz SCS the first symbis of the candidate SS/PBCH blocks have indexe2,d@ +14G .

- For operation without shared spectrum channel access

- For carrier frequencies smaller than or equal to 3 GH=), 1.
- For carrier frequenciesithin FR1larger than 3 GHzn=0,1, 2, 3.

- For operation with shared spectrum channel access, as described in [15, TS 87.2tfjc hofr.

- Case B 30kHz SCS the first symbols of the candidate SS/PBCH blocks have indexesi6, 20} + 28 . For

carrier frequencies smaller than or equal to 3 Giz(. For carier frequenciesvithin FR1larger than 3 GHz,
n=0,1.

- Case G 30kHz SCS the first symbols of the candidate SS/PBCH blocks have indexgls+ 14 G .

- Foroperation without shared spectrum channel access
- For pairedspectrunoperation

- For carrier frequencies smaller than or equal to 3 GH=z), 1. For carrier frequenciasithin FR1
larger than 3 GHzn=0,1, 2, 3.

- For unpairedspectrunmoperation

- For carrier frequencies smaller than or equa.toGHz, n=0,1. For carrier frequenciesithin FR1
larger thar2.4GHz, n=0,1, 2, 3.

- For operation with shared spectrum channel aceéess;tphghott huhphx hji
- Case D 120kHz SCS the first symbols of the candidate SS/PBCH blocks have index8si6, 20} + 286 .

For carrier frequenciesithin FR2 ¢  mifphc hofuhphxhyip fp pp ¢p o bp ¢ Jp Y
- Case E 240kHz SCS the first symbols of the candidate SS/PBCH blocks have indexes

{8,12,186, 20, 32, 36, 40, 44} + 56 . For carrier frequenciewithin FR2 ¢ mifph Fotuhphx Ay

From the above casabthe SCSof SS/PECH blocks is not provided bgsb$ibcarrierSpacingthe applicableasegor
a cell depend on a respective frequency band, as provided.jnTf8 38.1011] and [82, TS 38.1012]. A same case
applies for all SS/PBCH blocks on the cHlla 30kHz SS/PBCH bloclSCSis indicated byssb$ibcarrierSpacing

Case B applies for fregncy bands with only 18Hz SS/PBCH bloclSCSas specified in [&, TS 38.1041], and the

3GPP
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case specified for 30Hz SS/PBCH bloclSCSin [8-1, TS 38.1041] applies for frequency bands with 30 kHz
SS/PBCH blocksCSor both 15kHz and 30 kHz SS/PBCH blo&CSas specified in [8, TS 38.1041]. For a UE
configured to operate with carrier aggregation over a set of cells in a frequency IFRBlaofwith frequency
contiguous carrier aggregation over a set of cells in a frequency band of FRRIUE is prowded SCSvaluesby
ssh$ibcarrierSpacingor receptions of SS/PBCH blocks any cells from the set of cells, the UE expectsSii8
values to be same.

The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time fiom 0 t@, where
- for operation without shared spectrum channel acéess, 0 ,and) s as described in [9, TS 38.104]

- for operation with shared spectrum channel acdess, p tfor 15 kHz SCSf SS/PBCH blocksandd
¢ Tfor 30 kHz SCS of SS/PBCH blocks

For O T, aUE determinsthe 2 LSB bitof acandidateSS/PBCH block index per half frame from a @neone
mapping with an index of the DIRS sequence transmitted in the PB&Hdescribd in @, TS 38.21].

For0 T, aUE determins the 3LSB bitsof acandidateSS/PBCH block index per half frame from a géneone
mapping with an index of the DIRS sequence transmitted in the PB&Hdescribd in {4, TS 38.21]

- ford p Tithe UEdeterminsthe 1 MSB bit of thecandidateSS/PBCH blockndexfrom PBCH payload bit
@ asdescribd in b, TS 38.212]

- ford _ G mithe UEdeterminathe2 MSB bits of thecandidateSS/PBCH blockndexfrom PBCH payload
bitsa®@ hi@ as describd in 5, TS 38212]

- ford _ @ 1the UEdeterminathe 3 MSB bits of thecandidateSS/PBCH blockndexfrom PBCH payload
bitsa®@ hi@ hi@ as describdin 5, TS 38.212]

A UE can beprovidedper serving cell bgskperiodicityServing@ll a periodicity of the half frames for receptiontbé
SS/PBCH block$or theserving cell. If the UE is not configured a periodicity of the half frames for receptidhs of
SS/PBCH blocks, the UE assusigeperiodicity of a half frame. A UE assustbat te periodicity is same for all
SS/PBCH blocks in the serving cell.

For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames.

For operation without shared spectrum channel access, an SS/PB&hhdkecis same as a candidate SS/PBCH block
index.

For operation with shared spectrum channel access, a UE assumes that transmission of SS/PBCH blocks in a half frame
is within a discovery burst transmission window that starts from the first symbol fafsth&ot in a halfframe. The UE

can be provided per serving cell ByscoveryBurstWindowLengthrl6 a duration of the discovery burst transmission
window. If DiscoveryBurstWindowLengthr16 is not provided, the UBssumes that the duration of the dissy burst
transmission window is a half frame. For a serving cell, the UE assumes that a periodicity of the discovery burst
transmission window is same as a periodicity of half frames for receptions of SS/PBCH blockseivitige cell. The

UE assumes #t one or more SS/PBCH blocks indicatedsblgPositionsinBurstnay be transmitted within the

discovery burst transmission window and have candidate SS/PBCH blocks indexes corresponding to SS/PBCH block
indexes provided bgsbkPositionsInBurstlf MSB 'QQ p, of ssbPositionsInBursts set to 1, the UE assumes that

one or more SS/PBCH blocks within the discovery burst transmission wiwitbwandidate S®BCH block indexes
corresponding to SS/PBCH block index equalto p may be transmitted; if MSEJs set to 0, the UE assumes that

the SS/PBCH block(s) are not transmitted

For operation with shared spectrum channel access, a UE assumesRB&ZI$8lodks in a serving cell that are within

a samaliscovery burstransmission window or acrodsscovery burstransmission windows are quastiozated with

respect to average gain, QQlypeA, and QCLTypeD properties, when applicajle6 , TS 3 8. & 104f] , i f a
0 i A is same among the SS/PBCH blodks. is anindex of a DMRS sequence transmitted in a

PBCH of a corresponding SS/PBCH block, @nd is either provided bgsbPositionQCtRelationshiprl6 or, if

ssbPositionQCtRelationshiprl6 is not providedpbtained frona MIB provided bya SS/PBCH blockaccording to

Table 41. ssbSubcarrierSpacingCommanticates SCS of RMSI only for the case'operation without shared

spectrumi. The UE assumes thaithin a discovery burdgransmission windowa number of transmitted SS/PBCH

3GPP
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blocks on a serving cell is not larger than . The UE can determine an SS/PBCH block index according to
i} i 7A ,oraccordingto [ T A where [is the candidate SS/PBCH block index.

Table 4-1: Mapping between the combination of subCarrierSpLachngCommon and [spare or LSB of
ssb-SubcarrierOffset] to JHE ”

subCarrierSpacingCommon | [spare or LSB of ssh-SubcarrierOffset] A Jfﬂ
scs150r60 0 1
scs150r60 1 2
scs300r120 0 4
scs300r120 1 8

Upon detection of a SS/PBCH block, the UE determireaa MIB that aCORESETfor TypeGPDCCHCSSset, as
described irClausel3, is present iksg, ¢ 23 [4, TS 38.211] for FR1 or ikgg ¢ 11 for FR2. The UE determindsom

MIB that aCORESETfor TypeGPDCCHCSSset is not present ifg, > 23 for FR1 or if kg, >11 for FR2; the
CORESETfor TypeGPDCCHCSSsetmay be provided bi?PDCCH-ConfigCommon

For a seving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the
serving cell based on receptions of SS/PBCH blocks on the,B€elt the PSCelbf the cell group for the serving
cell.

4.2 Transmission timing adjustments

A UE can be provided value N, .. Of a timing advance offséor a serving cell by-TimingAdvanceOffsdor the

serving cell. Ifthe UE is not provided-TimingAdvanceOffsdbr a serving cell, the UE determines a default value
N;. omet Of the timing advance offset for the serving celtlascribed irf10, TS 38.138

If a UEis configured with two UL carrierfor a serving cell, a santening advanceffsetvalue N, .., applies to
both carriers.

Upon reception of a timing advance command for a TAG, the UE adjusts uplink fonirR SCH/SREPUCCH
transmission omll the serving cells in the TAGased on &alue N, .., thatthe UE expects to be sarfeg all the
serving cellsn the TAGandbased on the received timing advance comnveimele theuplink timing for
PUSCH/SRS/PUCCItansmissionss the same for all the serving cells in the TAG.

For a band with synchronous contiguous iiieaad ENDC in a band combinien with norrapplicable maximum

transmit timing difference requirements as describedoite 1 of Table 7.5-3 of [10, TS 38.133], if the UE indicates
ul-TimingAlignmentB TRANR as'requiredand uplink transmission timing based on timing adjustmentéatidin for a
TAG from MCG and a TAG from SCG are determined to be different by theHgEJE adjusts the transmission

timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous
intra-band ENDC based otiming adjustment indication for a TAG from a serving cell in MCG in the b&@hd.UE is

not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time
even partiallywith random access preamble transmitted in amaiiaa

For aSCSof 2”Q5 kHz, the timing advance command for a TA@licates the change of the uplink timirejative to
the current uplink timing for the TA@ multiples of16C'B4('j‘C/2'" . The start timing of the random access preamble is
describedn [4, TS 38.211

In case of random access respomdening advance commaridl, TS 38.21], T, , for a TAGindicatesN,, values

by index values off, =0, 1, 2, ...3846 where a amount of the time alignmefar the TAGwith SCSof 2” @5 kHz

is Ny, =T, A6B4/2”. N, is defined inf4, TS38.21] and is relative to th&CSof thefirst uplink transmission
from the UE after the reception of the random access response

In other cases timing advance commarid1, TS 38.21], T, , for a TAGindicatesadjustment of current N,
value, Ny, 4, to the newN,, value, Ny, .., by index values off, =0, 1, 2,...63, wherefor aSCSof 2”Q5 kHz,

NTAfnew = NTAfoId + (TA - 31)()'6(54/2”7
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If a UE has multiple active UL BWRss described i€lausel2,in a same TAG, including UL BWPs two UL
carriersof a serving cell, the timing advance command value is relative fartpst SCSof the multiple active UL
BWPs The applicableN, ., value for an UL BWP with loweSBCSmay be rounded to align with the timing
advance granularity for the UL BWP with the lov&ESwhile satisfying the timing advance accuracy requirements in
[10, TS38.133]

Adjustment ofan N, value by a positive or a negative amount indicates advancing or delaying the uplink
transmission timindor the TAGby acorrespondinggmount respectively.

For a timing advance command receivedipfink slot N and for a transmission other than a PUSCH scheduled by a
RAR UL grant as described {@lause8.2A or8.3, or a PUCCH with HAR@ACK information in response to a
successRAR as describedGfause8.2A, the corresponding adjustment of the uplink transmission tirpmdiesfrom

the beginning ofiplink slot n+k +1 wherek = é\lj,f)?’ra"‘em(ﬁNTvl + Ny + Npg +O.5)/Tsfﬂ, N;, is a time duratiofn
msecof N, symbols corresponding to a PDS@kbcessindime for UE processing capability 1 when additional
PDSCH DMRS is configured N, is a time duratiofin msecof N, symbols corresponding to a PUSCH preparation
time for UE processing capability 1 [6, TS 38.314
provided bya TA command fieldbf 12 bits, NS¥fme” is the number of slots per subframe, alg is the subframe

slot
duration of 1 msecN, and N, are determined with respect to the minim8@Samong thesCS of all configured UL
BWPs for all uplink carriers ithe TAG and ofall configured DL BWP9gor the corresponding downlink carriefor
m=0, the UE assumesl, , =14 [6, TS 38.214]Slot N and N3 are determined with respect to the minimum

slot

SCSamong thesCS of allconfigured UL BWPs for all uplink carriers in the TAG,, ., is determined with respect

to the minimumSCSamong theSCS of all configured UL BWPs for all uplink carriers in the TAG dodall
configuredinitial UL BWPs providedby initial UplinkBWR The uplnk slot N is the lasslot amonguplink slot(s)
overlappng with the slofs) of PDSCH reception assumifily 11, where the PDSCH provides the timing advance
command andY is defined in [4, TS 38.211].

is the maximum timing advance valiremsecthat can be

TA, max

If a UE changes an active UL BWP between a time of a timing advance command reception and a time of applying a
corresponding adjustmefdr theuplink transmission timing, the UE determines the timing advance command value
based on th&CSof the new actie UL BWP. If the UE changes an active UL BWP after applying an adjusforent
theuplink transmission timing, the UE assumes a same absolute timing advance command value before and after the
active UL BWP change.

If the received downlink timing changes aisdhot compensated or is only partly compensatethéyplink timing
adjustmentvithout timing advance commardescribedn [10, TS 38.133]the UE changei,, accordingly.

If two adjacent slotsverlapdue toa TA command, the latter slot is redud@dduration relative tthe former slat

4.3 Timing for secondary cell activation / deactivation

With reference to slots for PUCCH transmissionsena UE receivein a PDSCHan activation command [1 TS
38.321] for a secondary cedindingin slotn, theUE applies theorresponding actions ii], TS 38.32]Lno later than

the minimum requirement defined ihQ, TS 38133 and no earlier than sldi+k, except for thdollowing:

- theactions related to CSI reporting on a serving teltis activein slot n+k

- the actions related thesCellDeactivationTimeassociated with the secondary ¢éll, TS 38.21] that theUE
appliesin slot n+k

- theactions related to CSI reporting on a serving cell whictotsictivein slot n+K that the UEappliesin the
earliest slot aften+k in which the serving cell is active.

The value ofk is k, +30NSFme” 1 wherek, is a number of slotor a PUCCH transmission with HARQCK
information for the PDSCH reception andnslicated by the PDSCitb-HARQ_feedbackiming indicator field in the
DCI formatscheduling the PDSCH reception as describe@lansed.2.3 andN:">f " is a number of slots per

slot
subframe for the SCS configuratiom of the PUCCH transmission.
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With reference to slots for PUCCH transmissiong, UE receives a deactivation command, [LS 38.21] for a
secondary cekndingin slot N, theUE applies theorresponding actions in LTS 38.21] no later than the minimum
requirement defined irlp, TS 38133, excepffor the actions related to CSI reporting enactivatedserving cell

which the UEappliesin slot n+K .

If thesCellDeactivationTimeassociated with the secondary cell expireslot N, the UE applies the corresponding
actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 3&4@&3jfor the actions
related to CSI reporting omactivatedserving cell which the UE applies the first slot that is after slot

n+3 REwme” where mis the SCS configuration for PDSCH reception on the secondary cell.

5 Radio link monitoring

The downlink radio link quality of the primary célmonitored bya UE for the purpose of indicating coff-sync/in

sync status to higher layeffhe UE is not required to monitor the downlink radio link quality in DL BWPs other than
the active DL BWP, as described i€lausel2, on the primary celllf the activeDL BWP is te initial DL BWP and for
SS/PBCH block an€@ORESETmultiplexing pattern 2 or 3, as describedilausel 3, the UE is expected to perform
RLM using the associated SS/PBCH bladken the associated SS/PBCH block index is provided by
RadioLinkMonitoringRS

If the UE is configured with a SCG, as described in [12, TS 38.331], and the pardfriBtmersAndConstanis
provided by higher layers and is not set to release, the ddwmalitio link quality of the PSCell of the SG&
monitored by the UE for the purpose of indicating-ofisync/insync status to higher layeighe UE is not required to
monitor the downlink radio link quality in DL BWPs other than the active DL BWP oR8t@ell

A UE can be configurefibr eachDL BWP of aSpCell [11, TS 38.321}ith a set ofesource indexgeshrough a
corresponding set &adioLinkMonitoringRSfor radio link monitoring byfailureDetectionResource¥he UE is
provided either a CSRSresourceconfigurationindex, bycskRSIndex or a SS/PBCH blockndex, bysskindex The
UE can be configured with up tN, ;_,,w RadioLinkMonitoringR$or link recovery procedures, assdgbed inClause
6, andfor radio link monitoring. From theN ;_,,, RadioLinkMonitoringRSup to N,,,, RadioLinkMonitoringR®an
be used for radio link monitoring depending on as describfal inS 38.10#4 and up to twdradioLinkMonitoringRS
can be used for link recovery procedures.

For operation with shared spectrum channel access, whihiaprovided a SS/PBCH block indéy ssbkindex the
UE is expected to performadio link monitoringusingSS/PBCH block(s) in the discovery burst transmission window
as described i€lause4.1.

If the UE is not providedradioLinkMonitoringR%nd the UE is providefibr PDCCHreceptionsTCl stateghat include
one or more of a CSRS

- theUE uses for radio link monitorinthe RS provided for the active TCI state for PDCkekeptionif the active
TCI statefor PDCCHreceptionincludes only one RS

- if the active TCI statéor PDCCHreceptionincludes two RSthe UE expects that one RS has QTypeD|[6,
TS 38.214Jand the UE uses the R&th QCL-TypeDfor radio link monitoring; the UEoes not expect both RS
to have QCLTypeD

- theUE is not required to use for radio link monitoring an aperiodisemipersistenRS

- For L., =4, theUE selects the\,,, RS provided for active TCI states for PDCCH receiorCORESEB

associated with theearch spacgesin an order fronthe shortesmonitoring periodicy. If more than one
CORESETsre associated with search spaetshavingsamemonitoringperiodicity, the UEdetermines the
order ofthe CORESETrom the highesCORESETindex as descrixd inClausel0.1

A UE doesnot expect to use more tha¥,,, RadioLinkMonitorindRSfor radio link monitoring when the UE is not
providedRadioLinkMonitoringRS

Values of N ;. @nd N, for differentvalues ofL,, are given in Table8.

X
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Table 5-1: N gz qm @nd Ng,, as afunction of maximum number L of SS/PBCH blocks per half

X

frame
Ln‘ax NLR- RLM NRLM
4 2 2
8 6 4
64 ) 8

For a CSIRS resource configuratioppwerControlOffsetSE not applicableanda UE expects to be provided only
'noCDM' from cdm Type,only ‘'one'and'three'from density and only1 port from nrofPorts[6, TS 38.214]

If a UE is configured with multiple DL BWPs for a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexgsrovided byRadioLinkMonitoringR$or the active DL BWP or, if RadioLinkMonitoringR$s not
provided for the actiwDL BWP, using the RS(s) providddr the activel Cl statefor PDCCH receptionms

CORESEFon the actie DL BWP.

In nonDRX mode operation, the physical layer in the UE asseswe per indication periathe radio link quality,
evaluated over the previous time period defined in [10, TS 38.133] against threshaldad@,) configured by
riminSyncOutOfSyncThresholthe UE determines the indication periodf@asmaximum betwee theshortest
periodicityfor radio link monitoring resourcesd 10 msec.

In DRX mode operation, the physical layer in the UE agsesge per indication peridthe radio link quality,

evaluated over the previous time period defined in [10, TS 38.a8ainst thresholds ¢Rand Q,) provided by
riminSyncOutOfSyncThresholthe UE determines the indication periodf@asmaximum between thehortest
periodicityfor radio link monitoring resourcesnd the DRX period.

The physical layer in the UiRdicates, in frames where the radio link quality is assessetiof-sync to higher layers
when the radio link quality is worse than the threshaJd fQr all resources in the set of resources for radio link
monitoring When the radio link quality isetter than the threshold.@or anyresourcen the set of resources for radio
link monitoring the physical layer in the UiRdicates,jn frames where the radio link quality is assesgegync to
higher layers.

6 Link recovery procedures

A UE can beprovided for each BWP of serving cella setq, of periodicCSI-RSresource configuratioimdexes by
failureDetectionResources beamFailureDetectionResourcelL#sida setq, of periodicCSIRS resource

configurationindexes andbr SS/PBCH block indexdsy candidateBeamRSList candidateBeamResourcelLfet
radio link qualitymeasurements dhe BWP of theserving cellIf the UE is not providedj, by

failureDetectionResources beamFailureDetectionResourcelList a BWP of the serving celhe UE determinethe
set g, to includeperiodic CSIRSresourceconfigurationindexes with same valuess the RS indexes in the RS sets

indicated byT Cl-Satefor respectiveaCORESETE that the URisesfor monitoring PDCCHand, if there are two RS
indexesn a TCI statethe setq, includes RS indexes with QCELypeD configuration for the corresponding TCI

states The UE expects the séf, to include up to two RS indexebhe UE expectsisgle port RS in theset g, .

The threshold Qout,Lr andQin,Lr cOrrespond to the default valuerbhinSyncOutOfSyncThresholds described in [10,
TS 38.133] forQou, andto the value provided bssrp-Threshol&SBor rsrp-ThresholdSSBFR, respectively.

The physical layer in the UE assesthe radio link qualityaccording taheset g, of resource configuratioreggainst
thethreshold Qur. For the setq, , the UEassesssthe radio link qualityonly according tgeriodicCSIFRSresource

configurationsor SS/PBCH blockon the PCell or the PSCethatare quasto-located as described in [6, TS 38.214],
with the DM-RS of PDCCH receptionsonitored by the UEThe UE applies the R r thresholdto the LERSRP
measurement obtaiddrom aSS/PBCH blockThe UE applies theiQr thresholdtio the LERSRPmeasurement
obtainedfor a CSIRS resourcafter scalingarespective CSRS receptiopowerwith a value providetyy
powerControlOffsetSS

In nonDRX mode operatiorthe physical layer in the Urovides an indicatiorto higher layers when the radio link
quality for all correspondingesourceconfiguratiors in theset g, that the UE uses to assess the radio link quiality

worse than théhreshold Qur. The physical layer informs the higher layers whenréuho link qualityis worse than
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the threshold Q:.r With a periodicitydetermined by thenaximum between thghortest periodicitgmong theperiodic
CSI-RS configurationsandbr SS/PBCH blocksn the PCell or the PSCeiih the setq, that the UE uses to assess the

radio link qualityand2 msecln DRX mode operation, the physical laygpvides an indication to higher layerghen
the radio link quality is worse than the thresholg: G with a periodicity determined as described in [10, TS 38.133].

Upon request from higher layerbetUE providseto higher layersheperiodic CSIRS configuratiorindexes anabf
SS/PBCH block indexsfrom the setq), and the corresponding ERSRP measurements that are larger than or equal to

the Qin,.r threshold

For the PCell or the PSCe#l UE canbe provideda CORESETthrough a link to a search space set provided by
recoverySearchSpacelds described i€lausel0.1, for monitoring PDCCH in th€ORESET If the UE is provided
recoverySearchSpacelithe UE does not expect to be provided another search sgficemonitoring PDCCH in the
CORESETassociated witthe search spze set provided bsecoverySearchSpaceld

For the PCell or the PSCelha¢ UE can be providedyy PRACHResourceDedicatedBFRconfiguration for PRACH
transmission as described@ause8.1. For PRACH transmission in slatand according tantenna port quasi €o
locationparameters associated with periodic ®3resourceconfiguration owith SSPBCH blockassociatedvith
index 0,y provided by higher layefd 1, TS 38.321]the UE monitors PDCCH in a search spsegrovided by
recoverySearchSpaceldr detection of a DClormat with CRC scrambled by-RNTI or MCS C-RNTI starting from
slot n+4 within a windowconfigured byBeamFailureRecoveryConfigor PDCCH monitoringn a search space set
provided byrecoverySearchSpacetohd for corresponding PDSCH reception, theddgumes the same antenna port
quasticollocation parameteiss the ones associateth index J,.,, until the UE receives by higher layers an activation
for a TCI state or any of the parametwmisStatesPDCCHIoAdd.ist and/ortci-StatesPDCCHI oReleaseListfter the
UE detects a DCI format with CRC scrambled BRRNTI or MCS C-RNTI in the search spasetprovided by
recoverySearchSpacelthe UEcontinues tanonitor PDCCH candidates in the search spatprovided by
recoverySearchSpacetnhtil the UE receive a MAC CE activation command for a TCI stateanStatesPDCCH
ToAdd.ist and/ortci-StatesPDCCHIoReleaseList.

For the PCell or the PSCellfiter 28 symbols from a last symbol affirst PDCCH receptioin a search space set
provided byrecoverySearchSpaceldr which the UE detects@CI format with CRC scrambled by-BNTI or MCS
C-RNTI anduntil the UE receives an activation command RIWWCCH SpatiaRelationinfo[11, TS 38.321pr is
providedPUCCH- SpatalRelationinfo for PUCCH resource(s}he UE transmites PUCCHon a same cell as the
PRACH transmissiorusing

- asame spatial filter as for thastPRACH transmission
- apower determined as describeddlause7.2.1 withq, =0, 0y =0, , andl =0

For thePCell or the PSCell, aft@&8 symbols from a last symbol of a first PDCCH reception in a search space set
provided byrecoverySearchSpacelhere aJE detects a DCI format with CRC scrambled bRNTI or MCSC-

RNTI, the UE assumesame antenna port quasillocation parameters as the ones associated with ifiggxfor
PDCCH monitoring irm CORESETwith indexO.

A UE can be providedyy schedulingRequestIDForBER configuratiorfor PUCCH transmission with a link recovery
request (LRR) as described@iaused.2.4. The UE can transmit in a first PUSCH at least one MAC CE providing one
index for at least one corresponding SCell wittlio link qualityworse than Qi,.r, anindexry; a for aperiodic CSi

RS configuratioror for a SS/PBCH bloclprovidedby higher layers, as described|[il, TS 38.321]if any, for a
corresponding SCelAfter 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a
PUSCH transmission with a same HARQ process number as for the transmission of tluSiZst 8nd having a

toggled NDI field valuethe UE

- monitorsPDCCHin all CORESET®n the SCe(k) indicated by the MAC CHsing thesame antenna port quasi
co-locationparameterasthe ones associated withe correspondingndexes)r}; 4 «if any

- transmits PUCCH on a PUCGS8Cellusing a same spatial domain filterthe one corresponding p 4 for
periodic CSIRSor SS/PBCH blockeceptionas described iflaused.2.2,and using a power determined as
described in Clause 7.2.1wifls T, Nz M axanda T if

- the UE isprovidedPUCCH SpatiaRelationinfo for the PUCCH,

- aPUCCH with the LR was either not transmitted wastransmittedon the PCell or the PSCell, and
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- the PUCCHSCell is included in the SC)) indicated by thtMAC-CE

where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the
PDCCH reception and of the active DL BWP(s) of the at least one SCell.

7 Uplink Power control

Uplink power control determinespower for PUSCH, PUCCH, SRS, and PRACH transmissions

A UE does not expetd simultaneously maintain more than four pathloss estimates pérgseeli for all
PUSCH/PUCCH/SR&ansmissionss described i€lauses 7.1.1, 7.2.1, and 7.3.&xcept for SRS transmissions
configured by IESRSPositioningConfigas described i€lause7.3.1

A PUSCH/PUCCH/SRS/PRACH transmission occadicdis defined by alot index ns’”,f within a frame with system
frame numberSFN, a first symbolS within the slot, anc& number of consecutive symbdls

7.1 Physical uplink shared channel

For aPUSCHtransmissioron active UL BWPD, as described i@lausel2, ofcarrier f of serving cellC, a UE first

calculatesa linear vaIueFEPUSCHbe,C (i, ],94,1) of thetransmit powerR, yscp, 1 (i, 1,0y, 1) , with parameters as defined
in Clause7.1.1 For aPUSCH transmission scheduleddCl formator configured byConfiguredGrantConfigr
semiPersistentONPUSCIHH txConfigin PUSCHConfigis set to ‘codebook’

- if ULFPTxin PUSCHConfigis provided and codebookSubgePUSCHConfig is set tmonCoherent or
partialAndNonCoherenthe UE scale$y s 3 gjgn ‘@@ hx by i where:

- if ULFPTxModes in PUSCHConfig is set to Modelandeach SRS resource in the SR8sourceSet with
usage set to 'codebodkas more than one SRS pgdrtis the ratio of a number of antenna ports with 1zeno
PUSCH transmission power over the maximum numb&RS ports supported by the UE in one SRS
resource

- if ULFPTxModes in PUSCHConfig is set to Mde2,i  p for full power TPMIsreported by the UELE, TS
38.306],andi isthe ratio of a number of antenna ports with+zeno PUSCH transmission power over a
number ofSRS portdor remaining TPMIswhere the number of SRS ports is associated wiR&gsource
indicated by SRI if more than one SRS resources are configured in thBR&R8BrceSet with usage set to
‘codebook orthe number of SRS poris associated with the SRS resoufaenly one SRS resource is
configuredin the SRSResourceSet with usage setdndebook and

- if ULFPTxModes in PUSCHConfig is not provided, p

- else, ifeach SRS resource in tBRSResourceSatith usageset to '‘codebookias more than one SRS pahie
UE scales the linear valloy theratio of the number of antenna ports with a+zeno PUSCH transmission
powerto themaximumnumber ofSRS portsupported by the Ul oneSRS resource

The UE splits thepower equally acroghe antenna portsn whichthe UE transmitthe PUSCH withnon-zeropower.
7.1.1 UE behaviour

If a UE transmits a PUSCH activeUL BWP b of carrier f of serving cellC usingparameter set configuration
with index ] andPUSCH power control adjustment state with indexhe UE detrminesthe PUSCH transmission
power Poyscip, ¢ i+ J,0g,1) in PUSCH transmissioaccasioni as

. . PPCMAx,f,c(i)a ﬂ
PF’USCHb,f,c(Iv )10y !l) = mln,l . m ¢ PUSCH /: N A . . ,U
1 Po_puscrn rc(1) +10009;6(2" MEga 7l (1)) + @y, o () Pl ¢ o(Gg) + Do () + Fo (1§

[dBm]

where,
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- Powax 1 (i) is theUE configuredmaximum outpupower defined in§-1, TS 38.D1-1], [8-2, TS38.1042] and
[8-3, TS38.1043] for carrier f of serving cellC in PUSCH transmissioaccasioni .

- Py puscr 1 c(]) is a parameter composed of the sum of a compoReRfomnaL_puschsc(]) and a component
Ps_ue_pusci.tc (1) where ji {0,1,...,3 - 3}.

- If a UE established dedicated RRC connection using a-Tyfmdom access procedure, as described in
Clause8, andis not provided?0-PUSCHAIphaSebr for a PUSCH transmissi@theduled by a RAR UL
grantas described i€lause8.3,

j =0 PO_UE_PUSCIB,f c (O) =0 and POfNOMINALfPUSCHI c 0= POfPRE+ DPREAMBLnggs

wherel, 0 4Sgrovided bypreambleReceivedTargetPowéd, TS 38.21] andw ‘ is
provided bymsg3DeltaPreambleor DPREAMBLE_MS@ =0 dB if msg3DeltaPreamblds not providegifor
carrier f of serving cellC

- If a UE establishd dedicatedRRC connectiomsing a Type2 random access procedure, as described in
Clause8, and is not provideBO-PUSCHAIphaSetor for a PUSCH transmissidar Type2 random access
procedure as described@tauses.1A,

Q MUo_ue_pussdHt Tandlo_ nowmi naL_pPuBchHVo PRE®W | '

wherel, o #Sgrovided bypreambleReceivedTargetPovardey is provided by
msgADeltaPreambleor _ () ‘ dB if msgADeltaPreamblds not providedfor
carrier"Cof serving celld

- For aPUSCH(re)transmissiorconfigured byConfiguredGrantConfig j =1, Py yowmac puschs ¢ is

provided bypO-NominalWithoutGrantor Py yommar puschr.c (D = Po_nommac puscrs < (0) if pO-
NominalWithoutGrants not providedand P, e puscs 1. (D IS provided bypO obtained fronp0-PUSCH

Alphain ConfiguredGrantConfighat provides an indeRO-PUSCHAIphaSetldo a set oPO-PUSCH
AlphaSefor active UL BWPb of carrier f of serving cellC

- For ji {2...,9-3=5S,, a Py yomna puscrs o(1) Vvalue applicable for all ji S, , is providedby po-
NominalWithGrantor Py, yommac puscrs ¢ (1) = Po_nomac puschs < (0) if pO-NominalWittGrantis not
provided,for each carrierf of serving cellC and a set 0, Ue puscw. 1. (1) values are provided by a set

of p0 in PO-PUSCHAIphaSeindicated bya respectivset ofp0-PUSCHAIphaSetldor activeUL BWP b
of carrier f of serving cellC

- If the UE is providedy SRIPUSCHPowerControlmore than one values p0-PUSCHAIphaSetidand
if aDCI formatscheduling the PUSCH transmissiocludes a SR fieldthe UE obtaing mappingrom
sri-PUSCHPowerControlldin SRIPUSCHPowerControlbetween a set of values for the SRI field in
theDCI format[5, TS 38212 and a set oihdexes provided bpO-PUSCHAIphaSetidhat map to a set
of PO-PUSCHAIphaSet/aluesanddetermineshe value ofR, g pyscw. 1. (J) from thep0-PUSCH

AlphaSetld value that is mapped to the SRI field valifehe DCI format also includesapenloop power
control parameter set indicatifield and a value of theperloop power control parameter set indication
field is'1', the UEdetermines value of B, ¢ pyscu 1 c(J) from PO-PUSCHSetwith ap0-PUSCH

Setldvalue mapped to the SRI field value.

- If the PUSCH transmission is scheduled by a DCI format that does not include a SRI fie®Rbr if
PUSCHPowerContrais not provided to the UEj =2,

- If PO-PUSCHSetis provided to the UE antthe DCI format includesreoperloop power control
parameter set indicatidreld, the UE determineavalue of P, e pyscp,r c(J) from
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- afirstPO-PUSCHAIphaSein p0-AlphaSetsf a value of thepenloop power control parameter
set indicationfield is '0' or '00

- afirst value inPO-PUSCHSetif a value of the@penloop power control parameter set indication
field is'1' or'07

- asecond value iIP0-PUSCHSetif a value of th@penloop power control parameter set
indicationfield is 10

- elsethe UE determine®, ¢ pyscw.r..(j) from thevalue of the firsPO-PUSCHAIphaSetin pO-

AlphaSets
For a,; .(j)
- For j=0,
- if0o nowmi naL pPuBcHUo PRE® andmsgAAlphais provided| T is the value
of msgAAlpha
- elseiflo nomi naL_puBcHUo pREW or msgAAlphais not providedandmsg3

Alphais provided,a, ; .(0) is thevalue ofmsgSAIphé
- elsg a,;.(0)=1

For j=1, a, (1) is provided byalphaobtained fronrp0-PUSCHAIphain ConfiguredGrantConfig

providing an indesP0-PUSCHAIphaSetldo a set oPO-PUSCHAIphaSefor activeUL BWP b of carrier
f of serving cellC

For ji S,,aset ofa, ; .(j) valuesareprovidedby a set ofalphain PO-PUSCHAIphaSeindicated bya
respectiveset ofpO-PUSCHAIphaSetidor activeUL BWP b of carrier f of serving cellC

- If the UE is providedSRFPUSCHPowerControland more than one valuespiPUSCHAIphaSetlid
and ifa DCI formatscheduling the PUSCH transmissiacludes a SRI fieldthe UE obtaing mapping
from sri-PUSCHPowerControlldin SREPUSCHPowerControlbetween a set of values for the SRl field
in the DCI format[5, TS 38212 and a set oihdexes provided bp0-PUSCHAIphaSetlidhat map to a
set ofPO-PUSCHAIphaSetaluesanddetermineshe values ofa, ; .(j) from thepO-PUSCH

AlphaSetid value that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format that does not include a SRI fie®Rbr if
PUSCHPowerControlis not provided to the UEj =2, andthe UE determines, ; .(j) from thevalue
of the firstPO-PUSCHAIphaSetin pO-AlphaSets

M Ff,;{gcf"*c(i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmissioaccasioni onactive UL BWPb of carrier f of serving cellC and /77isaSCS
configurationdefined in [4, TS 38.211]

PL, ; .(dy) is adownlink pathloss e@snatein dB calculatedby the UEusing reference signal (R8)dex 0y for

the activeDL BWP, as described i€lausel?2, of carrier f of serving cellC

If the UE is not provide®?USCHPathlossReferenceRB before the UE is provided dedicated higleser
parametershe UE calculate®L, ; .(q,) using a RS resourdeom the SS/PBCH block that the UiSes to

obtainMIB

If the UE is configured with a number of RS resounckexes, up to the value ainaxNrofPUSCH
PathlossReferenceR%nd a respective set of RS configurations for the number of RS resudezes by
PUSCHpPathlossReferenceRte set of RS resource indexes gaiude one or both of a set of SS/PBCH
block indexeseachprovided bysskindexwhen a value of a correspondipgschPathlossReferenceR8
maps to a SS/PBCH block indeaqd a set of CSRSresourcandexes eachprovided bycsiRSIndexwhen
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a value of a correspondimpyischPathlossReferenceR8 maps to a CSRS resource irek. The UE
identifies a RS resourdéedex g, in the set of RS resouraedexes to corresponditherto a SS/PBCH block

indexor to a CSIRSresource indeas provided bypuschPathlossReferenceR8 in PUSCH
PathlossReferenceRS

- If the PUSCHtransmissions scheduled by a RAR UL grant as describe@liause8.3, or for a PUSCH
transmission for Typ& random access procedure as describ&lanse8.1A, the UE uses the same RS

resource index, as for a corresponding PRACH transmission

- If the UE is providd SRIPUSCHPowerControland more than one values®fSCH
PathlossReferenceR8, the UE obtaina mappingrom sri-PUSCHPowerControlldin SRIPUSCH
PowerControlbetween a set of values for the SRI fieldiDCI formatscheduling the PUSCH transmission
and a set oPUSCHPathlossReferenceR8 valuesanddetermineshe RS resourcedex ¢, from the

valueof PUSCHPathlossReferenc®SId that is mapped to the SRI field valwbere the RS resource is
either on serving celC or, if provided, on a serving cell indicated by a valupathlossReferenceLinking

- If the PUSCH transmission ssheduled by DCI format 0_0Oand if the UE is provided a spatial setting by
PUCCH SpatiaRelationinfo for a PUCCH resource with a lowest index &otiveUL BWP b of each
carrier f andserving cellC, as described ilaused.2.2,the UE uses the same RS resource inggxas
for a PUCCH transmissian the PUCCH resource with the lowest index

- If

- the PUSCH transmission is scheduled bfp@l format 0_0Oand theUE is not provided a spatial setting
for a PUCCH transmissigor

- the PUSCH transmission is scheduibyda DCI format O_1 that does not include a SRI fietd

- SRIPUSCHPowerControlis not provided to the UE,

the UE determines a RS resouimgex ¢, with a respectiv@USCHPathlosfkeferenc®SId value being

equal to zeravhere the RS resource is either on serving €edlr, if provided, on a serving cell indicatbg
a value ofpathlossReferenceLinking

- f
- the PUSCH transmission is scheduled byGl format 0_0,
- theUE is not providedUCCH resources for the active UL B\Wahd
- the UE is providee@nableDefaultBeamPIForPUSCHO_0

the UE determines a RBsourcandex g, providing aperiodicRS resource withQCL-TypeD in the TCI

state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the scheduling
cell for the serving cell

- f
- the PUSCH transmissias scheduled by BCI format 0_0,

- theUE is notprovideda spatial setting for PUCCH resources on the active UL BWP of the primary cell
[11, TS 38.321]and

- the UE is provideeénableDefaultBeamPIForPUSCHO_0

the UE determines a RS resouicgex g, providing aperiodicRS resource wittQCL-TypeD in the TCI
state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell

- For a PUSCH transmission configured®gnfiguredGrantConfigif rrc-ConfiguredUplinkGrants included
in ConfiguredGrantConfigaRS resourcéndex g, is provided bya value ofpathlossReferencelndex

included inrrc-ConfiguredUplinkGrantvhere the RS resource is either on serving Cetlr, if provided, on
a serving cell indicated by a valuepHthlossReferenceLinking
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- For a PUSCH transmission configured®gnfiguredGrantConfighat doesot includerrc-
ConfiguredJplinkGrant, theUE determinesa RSresourcendex g, from avalueof PUSCH

PathlossReferenceR8 that is mapped ta SR field valuein aDCI format activating the PUSCH
transmissionlf the DCI format activating the PUSCH transmission does not include a SRitfieldE

determines a R&sourcdndex ¢, with a respectiv®USCHPathlossReferenceR8 value being equal to

zerowhere the RS resource is either on serving Cedlr, if provided, on a serving cell indicated by a value
of pathlossReferenceLinking

If the UE is providednablePLRSupdateForPUSCHSR&apping betweeari-PUSCHPowerControlidand
PUSCHPathlossReferenceR8 valuescan be updated by a MAC CE as described in [11, TS38.321]

- For a PUSCH transmissiatheduledy a DCI format that does not include a SR field, or feUSCH
transmissiorconfigured byConfiguredGrantConfig@nd activated, as describedGlausel0.2,by a DCI format

that does not include a SRI fieldRS resourcéndex g, is determined from theUSCHPathlossReferenceRS
Id mapped taesri-PUSCHPowerContolld = 0

PL, ; .(ay) = referenceSignalPower higher layer filtered RSRP, whereferenceSignalPowes provided by

higher layers and RSRP is defined TS 38.25] for the reference serving cell and the higher layer filter
configurationprovided byQuantityConfigis defined in12, TS 38331]] for the reference serving cell

If the UE is not configured periodic GRS receptionreferenceSignalPowes providedby ssPBCH
BlockPowerlf the UE is configured periodic CRS receptionreferenceSignalPowes providedeitherby ss
PBCH-BIlockPoweror by powerControlOffsetS@roviding an offset of the CSRS transmission power relative
to the SS/PBCH block transmission penf6, TS 38214]. If powerControlOffsetSEB not provided to the UE,
the UE assumes an offset of O dB.

- Dpp (i) =10Ioglo((28PREKS - 1)@§£J§CH) for Ks =1.25 and Dy, ; (i) =0 for Kg =0 whereKg is provided
by deltaMCSfor each UL BWPb of eachcarrier f andserving cellC. If the PUSCH transmission is over
more than one layd6, TS 38214, D, (i) =0. BPRE and 5525, for activeUL BWP b of eachcarrier

f andeach serving celC, are computed as below

b PUSCH
offset

C-1 s
- BPRE=3 K,/Ng for PUSCH with UL-SCH data andBPRE=Q_ CR/ for CSI transmission ira

r=0

PUSCH without ULSCH datawhere

- C isanumber oftransmittedcode blocks K, is asize for code block , and N,z isanumber of

NG o (1)1
resource elements determinedidg: =M p Tt ()O & NG, J), where NSUCH (i) is anumber
i=0

of symbolsfor PUSCH transmissionccasioni onactiveUL BWP b of carrier f of serving cellC,
NZ2 (i, ) is a number of subcarriers excluding ERS subcarrierand phaséracking RSsamples [4,

scdatal

TS 38.211Jn PUSCH symbolj, 0¢ j <NJ 2P (i), and C, K, aredefined in b, TS 38212

- bh2CH=1 whenthe PUSCH includes UISCH dateand p525"= pS3)", as described i€laused.3, when

ofiset ofset

the PUSCHincludes CSI and does not includé-SCH data

- Q, is the modulation order anld is the target code rate, as described in [6, TS 38.214], provided by the
DCI format schedulinghe PUSCHtransmission that includes CSI and does not incllidé&SCH data

- For thePUSCH power control adjustment statg, .(i,l) for active UL BWPb of carrier f of serving cellC

in PUSCH transmissioaccasioni

Ohyscrp 1 ¢ (0,1) isaTPC commandalueincluded ina DCI formatthat schedules the PUSCH transmission

occasioni onactiveUL BWP b of carrier f of serving cellC or jointly coded with other TPC commands
in aDCI format2_2with CRC scramblethy TPGPUSCHRNTI, as described i€lausell.3
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Ii {0,1 if the UE is configured wittwoPUSCHPC-AdjustmentStatesnd | =0 if the UE is not

configured withtwoPUSCHPC-AdjustmentStatesr if the PUSCHransmission is scheduled by a RAR
UL grant as described i@lause8.3

- For aPUSCH(re)transmissiortonfigured byConfiguredGrantConfigthe value ofl i {OJ} is
provided to the UE bpowerControlLoopToUse

- If the UE is providedSRHPUSCHPowerContro] the UEobtainsa mapping between a set of values
for the SRI field ina DCI formatscheduling the PUSCH transmiss@amdthe | value(s)provided by
sri-PUSCHClosedLoopIndeanddetermineghe | valuethat is mapped to the SRI field value

- If the PUSCHtransmission is scheduled by a DCI format that does not inclu8&Ekfield, or if an
SRIPUSCHPowerControlis not provided to the UH,=0

- If the UE obtains one TPC command from@@l format 2_2with CRC scramblecdby aTPGPUSCH-
RNTI, thel value is provided by the closed loop indimafield in DCI format 2_2

qDl )' 1

for o)) = forcli- o))+ A Ghuscr.r (M) is the PUSCH power control adjustment sthtéor active

m=0

UL BWP b of carrier f of serving cellC and PUSCH transmissiarccasioni if the UE isnotprovided
tpc-Accumulationwhere

The Ghyscny 1 - Values are given in Table 7.111

ap,)-1
A Gbuscip, 1 (M) is asum of TPC command values in a Betof TPC command values with

m=0
cardinality dD,) that the UE receivesetweenK . ,«..i - i,) - 1 Ssymbols before PUSCH transmission
occasioni - i, and K, sc(i) Symbols before PUSCH transmission occadioon activeUL BWP b of

carrier f of serving cellC for PUSCH power control adjustment stzitewhereio >0 is the smallest
integer for whichK, s, (i - i;) symbols before PUSCH transmission occadier, is earlier than

Kpusen(i) Symbols before PUSCH transmission occadion

If a PUSCH transmission is scheduled by a DCI form&g,,c.,(i) is a number of symbofer activeUL
BWP b of carrier f of serving cellC after a last symbol of a corresponding PDCCH reception and

before a first symbol of the PUSCH transmission
If aPUSCH transmission is configured 6pnfiguredGrantConfig K sc(i) is a number ofy scigin

symbols equal to the product of a number of symbols perl‘stjﬁg,, and the minimum of the values
provided byk2 in PUSCHConfigCommorior activeUL BWP b of carrier f of serving cellC

If the UE has reachemhaximum powefor activeUL BWPb of carrier f of serving cellC at PUSCH

do)}-1
transmission occasioi+ i, and g dhysep 1 (M) 2 0, then £, . (i,1)=f, (i - i 1)

m=0
If UE has reached minimum powfar activeUL BWPb of carrier f of serving cellC at PUSCH
dp )1
transmission occasior i, and & Ghyscr, ¢ (M) ¢ 0, then f, (i,1)=f,; (i-ig.l)
m=0
A UE reses accumulatiorof aPUSCH power control adjustment statdor activeUL BWP b of carrier
f ofserving cellC to fy; .(k,I)=0,k=01,...i

- If a configuration for a correspondir, e pusc 1 c(]) value isprovidedby higher layers

- If a configuration for a correspondiry, ; .(j) value isprovidedby higher layers
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wherel is determined fronthe value ofj as

If j>1 andthe UE is provided highé8RFPUSCHPowerContro} | is thesri-PUSCH
ClosedLooplIndexalugs) configured in anysRIPUSCHPowerControlwith thesri-PO-PUSCH
AlphaSetldvalue corresponding t

If j>1 andthe UE is not provide8RIPUSCHPowerControlor’Q m, | =0

- If j=1, | is provided by the value gowerControlLoopToUse

fo 1 (1) = Ghysop 1 c(41) isthe PUSCH power control adjustment stateafctiveUL BWP b of carrier f

of serving cellC and PUSCH transmissiarccasioni if the UE is providedpc-Accumulation where
Obyscrp, 1 « Absolutevalues are given in Tablel.1-1

If the UE receivearandom access response messagesponse to a PRACH transmissmma MsgA
transmissioron activeUL BWP b of carrier f of serving cellC asdescribedn Clauses

fot c(O1) = DR ampurn ¢ ¥ Ot c » wherel =0 and

Ospp 1 c 1sATPC commandalueindicated inarandom access resporgr@ant of the random
access response messagaesponding ta PRACHtransmssionaccording to Typel random access
procedurepr in a random access response grant of the random access response message
corresponding to a MsgA transmission according to Tpandom access procedure with RAR
message(s) for fallbackRARN activeUL BWP b of carrier f in the serving cellC, and

. & 4 3 1009,("MMepc) 880 o
DR ampugp,f.c = MiN g maxad, Powax 1.c - & PO_PUSChb,f,c(O) +a, ()L, 66U DP s ouoreceeteds. u
é’ ga éﬁ + DTF,b, f.c (o) + dmng,b, fc 9 9 I)', H

and DR, pupreqesteds. £ ¢ 1S Provided by higher layers and corresponds to the total powerupmp

requested by higher layers from the first to th&tlandom accegsreamblefor carrier f in the

serving cellC, M2 (0) is the bandwidth of the PUSCH resource assignment expressed in number

of resource blocks for the first PUSCH transmissiaractive UL BWPb of carrier f of serving
cell C, and Dy, ¢ .(0) is the power adjustment of first PUSCH transmissin@active UL BWPb

of carier f of serving cellC.

If the UEtransmits the PUSCith PUSCH transmission occasi@&n activeUL BWP & of carrier"Qof

serving cellbas described i€lause8.1A, "Gy, T o0 i, Where
- a mand
R § 1000, M7  gga o
- I]:)rampu;i),f,c = mlné ma)w’ PCMAX,f,c - PO_PUSCI—,b,f,c (0) +ab,f,c (O) @Lc(l) 0 (o] []. I:]:)rampupreqﬂ:stecib,f,(:[?j
a ® & +D 0) 0071 ¥
é’ ¢ o TF.b,f.c -y H
ando) fhn 1S provided by higher layers and corresponds to the total powerupmp

requested by higher layeis$ ? g # ‘Qis the bandwidth of the PUSCH resource assignment expressed in
numberof resource blocksandwy, g5 "“Qis the power adjustment tdie PUSCH transmissioim
PUSCH transmissioaccasioriQ
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Table 7.1.1-1: Mapping of TPC Command Field in a DCI format scheduling a PUSCH transmission, or
in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, or in DCI format 2_3, to absolute and
accumulated Gpygoy, 1 o Values or digg, ¢ o Values

TPC Command Field | Accumulated dPUSCHb’f,c or dSRSb,f,c [dB] | Absolute dpus(:Hb,f,c or dSRSb,f,c [dB]
0 -1 -4
1 0 -1
2 1 1
3 3 4

7.2 Physical uplink control channel
If the UE is configured with a SCG, the UE shall apply the procedures describedciatisgor both MCG and SCG.

- When the procedures are applied for MCG, the teemving cellin this clauserefersto serving cell belonging to
the MCG.

- When the pocedures are applied for SCG, the té&arving cellin thisclauserefersto serving celbelonging to
the SCG. The terdprimary cellin thisclauserefers to the PSCell of the SCG.

If the UE is configured with RUCCHSCell, the UE shall apply the procedures described inclhissefor both
primary PUCCH grougndsecondary PUCCH group

- When the procedures are appliedtfor primary PUCCH groyghe termiserving cellin this clauserefers to
serving cell belonging tdeprimary PUCCH group

- When the procedures are appliedtfte secondary PUCCH groughe termiserving cellin this clauserefersto
serving cellbelonging to thesecondary PUCCH groufhe termiprimary cellin thisclauserefers to the
PUCCHSCellof thesecondary PUCCH group

7.2.1 UE behaviour

If a UE transmits a PUCCH aactiveUL BWP b of carrier f in the primary cellC usingPUCCH power control
adjustment state with indelx, the UE determirethe PUCCH transmission powe}cqy, ¢ (i,9,.9g.1) in PUCCH

transmissioroccasioni as

.

. “PCMAX,f,c(i)1

P 1.c(,0,,0y,1) = minj s ] ] ]
pocerba ’ 1 Py puccrb 1.0(G) +10009,4(2" DRSS (1)) + PLy, ¢ (6) *+ Dr pucelF)*+ D 1.0() + G 1 o 1)

[dBm]

<

where

Powax 1.c(i) 1S theUE configuredmaximum outpupower defined in§-1, TS 38.D1-1], [8-2, TS38.1042] and

[8-3, TS38.1013] for carrier f of serving cellC in PUCCH transmissiomccasioni

- P puccr.t.c(Qy) is a parameter coposed of the sum of a componé®tyoya. pucc» Provided bypO-
nominal or Py, youmac pucer =0 dBm if p0-nominalis not providedfor carrier f of primary cellC and if
provided,acomponentR, ,c pycckd,) Provided byp0-PUCCH-Valuein PO-PUCCHfor activeUL BWP b of
carrier f of primary cellC, where0¢ g, <Q, . Q, isa size for a set o, ¢ pycc Valuesprovided by
maxNrofPUCCHPO-PerSet Theset of B, ¢ ., Valuesis provided bypO-Set If pO-Setis not provided to

the UE, Py e puccf@,) =0, 0¢ g, <Q,

- If the UE is provided®UCCH-SpatiaRelation nfo, the UE obtains.mapping by an index provided by0-
PUCCHId, between a set gfucchSpatialRelationinfoldraluesand a set gp0-PUCCHValuevalues.If the
UE isprovided more than one values farcchSpatialRelationInfoldand theUE receivesnactivation
command [1, TS 38.321]ndicating a value opucchSpatialRelationInfoldthe UE determines thp0-
PUCCHValuevaluethrough the link to a correspondip§-PUCCH-Id index The UE applies the activation
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commandn the first slot that is after sldt+30N32™"*” wherek is the slowhere the UBvould transmita

PUCCH withHARQ-ACK information for the PDSCH providing the activation command /7 is the SCS
configuration fothe PUCCH

- If the UE is not provided?UCCH SpatiaRelationinfo, the UE obtains the0O-PUCCH-Valuevalue from the
PO-PUCCHwith pO-PUCCHId value equal tthe minimumpO0-PUCCH Id valuein p0-Set

M ;’g{ﬁ?’l(i) is abandwidth of the?UCCH resource assignment expressed in number of resource blocks for

PUCCH transmissiomccasioni onactiveUL BWP b of carrier f of serving cellC and /77isaSCS
configurationdefined in [4, TS 38.211]

- Pl .(qq) isadownlink pathloss estimate dB calculatedby the UEusingRSresource indexy as

described irClause7.1.1for the activeDL BWP b of carrier f of the primary cellC as described i€lause
12

- If the UE is not providegathlossReferenceR8sbefore the UE is provided dedicated higher layer
parameterghe UE calculatesL, ; .(q,) usinga RS resource obtained from the SS/PBCH block that the

UE uses tmbtainMIB

- If the UE isprovideda number of RS resouraedexes, the UE calculateBL, ; .(q,) using RS resoge

with index q4 , where0¢ g, <Q, . Q, is a size for a set of RS resources providedbyxNrofPUCCH

PathlossReferenceRShe set of RS resources is providedobghlossReferenceRSghe set of RS
resources can includme or both of a set of SS/PBCH block indexeshprovided byssbindexin
PUCCHPathlossReferenceR@en a value of a correspondipgcchPathlossReferenceR8 maps to a
SS/PBCH block indexand a set of CSRSresourcéndexes eachprovided bycsiRSIndexwhen a value of
a correspondinguach-PathlossReferenceR8 maps to a CSRS resource indexX he UE identifies a RS
resource in the set of RS resources to correspithdrto a SS/PBCH blockndexor to a CSIRSresource
indexas provided byucchPathlossReferenceRI8 in PUCCH-PathlossReferenceRS

- If the UE is providegathlossReferenceR88dPUCCH SpatialRelationinfothe UE obtains a mapping, by
indexes provided by correspondinglues ofpucchPathlossReferenceR8, between a set gfucch
SpatialRelationInfoldralues and a set oéferenc&gnal values provided bPUCCH-PathlossReferenceRS
If the UE is provided more than one valuesgacchSpatialRelationInfoldind the UE receivean activation
command 11, TS 38.321] indicating @alue ofpucchSpatialRelationinfoldthe UE determines the
referenc&gnal value inPUCCHPathlossReferenceR&ough the link to a correspondipgcch
PathlossReferenceR8 index. The UE applies the activation commandhe first slot that is after slo

k +30Nswramen \where k is the slowhere the UBvould transmita PUCCH withHARQ-ACK information

slot

for the PDSCH providing the activation commaardl /77 is the SCS configuration fahe PUCCH

- If PUCCH SpatialRelationinfancludesservingCellldindicating a serving celthe UE receives thRS for
resourcandex ¢, on theactiveDL BWP of the serving cell

- If the UE isprovidedpathlossReferenceR&sd isnot provided®UCCH- SpatiaRelationinfo, the UE obtains
thereferenc&gnal valuein PUCCH-PathlossReferenceR®m thepucchPathlossReferenceR8 with
index Oin PUCCH-PathlossReferenceRhere the RS resource is either on a same serving céll or
provided,on a serving cell indicatday a value opathlossReferenceLinking

- If the UE
- is not providedathlossReferenceRSnd
- is not provided®UCCH-SpatialRelationInfoand
- is providedenableDefaultBeamPIForPUCCH

the UE determines a RS resouicgex ¢, providing aperiodicRS resource withQCL-TypeD in the TCI
state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell
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The parameteD; ,,.{F) isa value ofdeltakPUCCH-f0 for PUCCH format Odelta-PUCCH-1 for
PUCCH format ldeltak-PUCCHf2 for PUCCH format 2deltakPUCCH3 for PUCCH format 3, andeltaF
PUCCHf4 for PUCCH format 4if provided; otherwise ¢ o549 T

Dy ¢ (i) is @ PUCCH transmission power adjustment componeattiveUL BWP b of carrier f of
primary cell C

- For a PUCCH transmission using PUCCH format 0 or PUCCH format 1,

PUCCH @A
DTF,b,f,c M= 10|0910%8+ Dy (i) where
(; symb (|)+
N&ms (i) is anumber ofPUCCH format Gsymbolsor PUCCH format 1 symbofer the PUCCH

transmission as described@aused.2.

NPYCCH=2 for PUCCH format 0

ref

Nt = Ngpy for PUCCH format 1

ref

- Dy (i) =0 for PUCH format 0O

- Dyq (i) =10l0g ,,(Oyg (i) for PUCCH format 1, wher@,, (i) is a number of UCI bits in PUCCH
transmission occasioh

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits smaller than or equal to 11,

DTF,b, fc = 10|0910(K1 CQI]HARQ-ACK (1) + Ogr (i) + O ('))/ Nre (i)), where

- Nyaroack (1) is @ number of HAREACK information bits that the UE determines as described in

Clause9.1.2.1 forType-1 HARQ-ACK codebook and as describedGtaused.1.3.1 for Type2 HARGQ-
ACK codebook. If the UE is not provided witlilscRHARQACK-Codebook Njarq ack (1) =1 if the

UE includes a HARQACK information bit in the PUCCH transmission; otherwisggo ack (i) =0
Og (i) is a number of Skhformation bits that the UE determines as describ&tlansed.2.5.1

Ocg (i) is a number of CSl information bits that the UE determines as descritdalised.2.5.2

- Nge(i) is anumber of resource elements determinedNasi) = Megp ¢ o () NG () NG e 05,1 (1) 4

where N7&

scetrl

transmission, andN{, 50, ¢ (i) is anumber of symbolexcluding symbols used for DRRS

(i) is a number of subcarriers per resource block excluding subcarriers used-REDM
transmissionas defined irClause9.2.5.2 for PUCCH transmissiomccasioni onactiveUL BWP b of
carrier f of serving cellC

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 1D, ¢ (i) :10Iogm( 2K-BPRED 1) , where

- K,=24

- BPRE() = (Oacx (i) + Osg (i) + Ocg; (i) + Oge (i))/ Nge (i)

O,cx (i) is a number of HAREACK information bits that the UE determines as describedause
9.1.2.1 for Typel HARQ-ACK codebook and as describedGraused.1.3.1 for Type2 HARQ-ACK
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codebook. If the UE is not providgaischkHARQACK-Codebook O, =1 if the UE indudes a HARQ
ACK information bit in the PUCCH transmission; otherwigg, =0

Og (i) is a number of SR information bits that the UE determines as describéalised.2.5.1
O (i) is a number of CSl information bits that the UE determines as descrikdalised.25.2
Ocre(i) isa number of CRC bits that the WEterminess described i€laused.2

Ng:(i) is anumber of resource elemertisit the UEdetermins as
Nee(i) = Mag o) NG (1) NG00 ¢ () » where NE2 (i) is a number osubcarriers per resource block

scetrl

excludingsubcarriersised for DMRStransmissionand NS 504 (i) is anumber of symbols

excluding symbols used for DIRS transmissionas defined irClaused.2.5.2 for PUCCH transmission
occasioni onactiveUL BWP b of carrier f of serving cellC.

- For thePUCCH power control adjustment statg .(i,I) for activeUL BWP b of carrier f of primary cell C

and PUCCH transmissiarccasioni

Obyconp, 1 ¢ (1) is @ TPC commad valueand is included im DCI format1_0 or DCI format 1_for active

UL BWP b of carrierf of the primarycell C that the UE detect®er PUCCH transmissionccasioni or is

jointly coded with other TPC commandsafiCl format2_2with CRC scramblecoy TPG-PUCCHRNTI
[5, TS 36.212]as described i€lausell.3

I {0,1} if the UE isprovidedtwoPUCCHPC-AdjustmentStatesnd PUCCH-SpatiaRelationinfo and
| =0 if the UE isnot providedwoPUCCHPC-AdjustmentStatesr PUCCH-SpatiaRelationnfo

If the UE obtains a TPC command value from a DCI format 1_0 or a DCI format 1_1 and if tise UE
providedPUCCH SpatiaRelation nfo, the UE obtaing mapping by an index provided by0-PUCCH
Id, between a set gfucchSpatialRelationInfoldaluesand a set ofalues forclosedLoopindethat

providethe | value(s) If the UE receivesanactivation commanihdicating a value opucch

SpatialRelationinfoldthe UE determines the valu@osedLoopindethat provideshe valueof | through
the link to a correspondingd-PUCCHId index

If the UE obtains one TPC command frof@@l format 2_2with CRC scrambledy a TPGPUCCH-
RNTI, the | value is provided by the closed loop indiefield in DCI format 2_2

C(C\ )' 1

= O, =01 (- ig.)+ & Gbuccrn.r (M) isthe current PUCCH power control adjustment stafer

m=0

active UL BWPb of carrier f of serving cellC and PUCH transmissiomccasioni , where

The Gbyccp r  Values are given in Table 7.112

dc)1
a Ghuccrp 1 (M) is a sum of TPC command values in a €etof TPC command values with
m=0
cardinality dC,) that the UE receivelsetweenK ,,.4(i - i) - 1 symbols before PUCCH transmission

occasioni - i, and K, (i) Symbols before PUCCH transmission occasioon actve UL BWP b of
carrier f of serving cellC for PUCCH power control adjustment state, whigre0 is the smallest
integer for whichK,.c4(i - i,) symbols before PUCCH transmission occasieri, is earlier than
Keueen(i) Symbols before PUCCH transmission occasion

If the PUCCH traemission is in response to a detection by the UE of a DCI format 1_0 or DCI format
1 1, Kpyeen(i) is @ number of symbofer activeUL BWP b of carrier f of serving cellC after a last
symbol of a corresponding PDCCH reception and before a first symbol of the PUCCH transmission
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- If the PUCCH transmission is not in response to a detection by the UE of a DCI format 1_0 or DCI
format 1_1,Kp (i) is @ number ofk, ...in SYmbols equal thie product of a number of symbols
per slot, N:ﬁb, and the minimum of the values providedk2in PUSCH-ConfigCommorior activeUL

BWP b of carrier f of serving cellC

- If the UE has reacheghaximum powefor activeUL BWP b of carrier f of primarycell C at PUCCH

qc,)-1
transmission occasion- i, and & hyceup, 1 (M1)2 0,then gy ¢ (i,1) =gy ¢ (i - i,1)

m=0

- If UE has reached minimum powfar activeUL BWP b of carrier f of primarycell C at PUCCH

dc)-1
transmission occasion- i, and & dhycorp 1 (M) ¢ 0, then g, ; (1) =gy (i - ig,])

m=0

- If a configuration of &R, ¢cc, ¢ .(d,) Valuefor a correspondin@UCCH powercontrol adjustment

statel for activeUL BWP b of carrier f of serving cellC is providedby higher layers
= Ohrclkl)=0k=01,...i

If the UE is provided®UCCH-SpatialRelationInfothe UE determines the value loffrom the value
of g, based on aucchSpatialRelationInfoldralue associated with thE>-PUCCHId value

corresponding tdd, and with theclosedLooplndexalue corresponding tb; otherwise,l =0

- Else,

- 0h1c(0)= By &0 Wherel =0,andg,;  is

- the TPC commandalueindicated inarandom access resporgrantcorresponding ta PRACH
transmissioraccording to Typel random access procedure, or irmadom access resporgant
corresponding td1sgA transmissionsccording to Type random access procedure WRAR
message(s) fdallbackRAR or

- the TPC command value indicated in a successRAR corresponding to MsgA transmissions for
Type-2 random access proceduoe

- the TPC command value in a DCI formith CRC scrambled by ®NTI or MCSC-RNTI that
the UE detects in a first PDCCH reception isearch space set provided by
recoverySearchSpaceifdthe PUCCH transmission is a first PUCCH transmission after 28
symbolsfrom a last symbol of thérst PDCCH recefion,

and if the UE transmits PUCCHn activeUL BWP b of carrier f of serving cellC,

e &0, ¢
. emaxa% o
Dl:’rampupb peming  clowax, rc” (Pof pucch b ¢ TPl {q9 + Fppuccr( P . d b % =
gDPrampuprequeste,d,b fc
otherwise,
e &0 09
. G’naxgD u i
DR ampupb, f.c =MiNg ComAxX fo” (PO_PUCCI—,b,f,c + PLb,f,c(qd))g o Where DPrampupreqmstedb,f cls

u
3]" I rampupreqestedb, f ,c U

provided by higher layers and corresponds to the total powerugmgquested by higher layers from
the first to the last preambler activeUL BWP b of carrier f of primary cell C, and

D pucclF) corresponds to PUCCH format 0 or PUCCH format 1

3GPP



Release 16 28 3GPP TS 38.213 V16.1.0 (2020-03)

Table 7.2.1-1: Mapping of TPC Command Field in DCI format 1_0 or DCI format 1_1 or DCI format 2_2
with CRC scrambled by TPC-PUCCH-RNTI to accumulated deCCHb,f,c values

TPC Command Field | Accumulated Gpyccpp ¢ ¢ [AB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRSaUE splits dinear value I%Rst,,f'c(i,qs,l) of the transmit powePyzq, ¢ .(i,0s,1) on activeUL BWP b of
carrier f of servingcell C equally across theonfigured antenna portsr SRS

7.3.1 UE behaviour

If a UE transmits SRBased on a configuration b SRSConfigonactiveUL BWP b of carrier f of serving cell

C usingSRS power control adjustment state with indexthe UE determirgthe SRS transmission power
Parep, 1 c(1:0s:1) In SRS transmissioaccasioni as

<P N
Parsp o (1,,,1) = min | e, L _ ) ~ H [dBm]
o T Po_sra,1.c(0s) 710109,5(2" Mgrsp, ¢ (1)) + @srsp, 1 ¢ (As) PLy, ¢ (Ag) +hy ¢ (i J)f,

where,

Peowax, 1 ¢ (i) is theUE configuredmaximum outpupower defined in§, TS 38.D1-1], [8-2, TS38.1042] and

[TS 38.10%3] for carrier f of serving cellC in SRStransmissioroccasioni

- Py srec(Qs) is provided bypOfor activeUL BWP b of carrier f of serving cellC andSRS resource set
ds provided bySRSResourceSetndSRSResourceSetld

- MSRSb,f,C(i) is a SRSbandwidth expressed in number of resource blockSRS transmissioaccasioni on
active UL BWP b of carrier f of serving cellC and /77 is a SCS configuratiodefined in [4, TS 38.211]

- Aspsp, ¢(0s) is provided byalphafor active UL BWP b of carrier f of serving cellC andSRS resource set

Us

- PLb,f,C (qd) is adownlink pathloss estimata dB calculatedoy the UEusing RSresource indeXly as
described irClause7.1.1for the active DL BWPRof servingcell C and SRS resource S8 [6, TS 38.214]The

RSresourcéndex Yy is provided bypathlossReferenceRSsociated with th8RS resource sdls and is

either a ssbindexproviding aSS/PBCH block inderr acsiRSIndexproviding aCSFRSresourcendex |If
the UE is providedenablePLRSupdateForPUSCHSRIMAC CE[11, TS 38.321tan provide bysRS
PathlossReferenceR8 a corresponding RS resource indgxfor aperiodic or serapersistenSRS resource set

n

- If the UE is not providegathlossReferenceR$8 SRSPathlossReferenceR& before the UE is provided
dedicated higher layer parametaiee UE calculatesL, , .(q,) usinga RS resource obtained from the

SS/PBCH block that the Ulises taobtainMIB

- If the UE is providegathlossReferenceLinkintheRS resource is on a serving cell indicabgda value of
pathlossReferenceLinking

3GPP



Release 16 29 3GPP TS 38.213 V16.1.0 (2020-03)

- If the UE
- is not providedgathlossReferenceR8 SRSPathlossReferenceRS
- is not providedspatialRelationInfpand

- is providedenableDefaultBeamPIForSRS
the UE determines a RS resouicgex ¢, providing aperiodicRS resource witlQCL-TypeD in

- the TCI state or the QCL assumption of a CORESET with the lowest,ifdB®@RESETsare provided
in the active DL BWP

- the active PDSCH TCI state with lowest ID [6, TS 38.214;FRESETsare not provided in the active
DL BWP

- For the SR®ower control adjustment state factive UL BWP b of carrier f of serving cellC and SRS
transmissioroccasioni

- hy oG, 1) = fo, (G,1), where f, . (i,1) isthe current PUSCH power control adjustment siatdescribed

in Clauser.1.], if srsPowerControlAdjustmentStatexlicates a same power control adjustment state for
SRS transmissions and PUSCH transmission

ds)-1
- hc@)=h (- i)+ Q Gsrsp (M) if the UE is not configured for PUSCH transmissions on active UL
m=0

BWP b of carrier f of serving cellC, orif srsPowerControlAdjustmentStateslicates separate power

control adjustment staddetween SRS transmissions and PUSCH transmissioth# tpc-Accumulationis
notprovided, where

- The Gsggp, ¢ . Values are given in Table 7.111

- Oirg, 1 (M) is jointly coded with other TPC commands in a PDCCH with DCI format as
described irClausell.4

ds)-1
= @ Osgsp (M) is asum of TPC command values in a $ptof TPC command values with cardinality
m=0

ds ) that the UE receivesetweenK (i - i;)- 1 symbols before SRS transmission occasien, and
Ksrs(i) Symbols before SRS transmission occadiomn activeUL BWP b of carrier f of serving cell

C for SRS power control adjustment statderei, >0 is the smallest integer for whiokge(i - i,)
symbols before SRS transmission occasien, is earlier thanK,(i) symbols before SRS transmission

occasionli

- if the SRS transmission is aperiodit,.(i) is a number of symbofer activeUL BWP b of carrier f

of serving cellC after a last symbol of a corresponding PDC@bjgering the SRS transmissiand
before a first symbol of the SRS transmission

- if the SRS tansmission is senpersistent or periodid(i) iS a number ofk symbols equal to

SRSmin
the product of a number of symbols per shote , and the minimum of the values providedKkajin

symb !

PUSCHConfigCommorior activeUL BWP b of carrier f of serving cellC

- If theUE has reachethaximum powefor activeUL BWP b of carrier f of serving cellC at SRS

ds)-1
transmission occasioit+ i, and & digsp, (M2 0, thenh, () =h, (i - iy)

m=0

3GPP



Release 16 30 3GPP TS 38.213 V16.1.0 (2020-03)

- If UE has reached minimum powfar activeUL BWP b of carrier f of serving cellC at SRS
ds)-1
transmissioroccasioni - i, and & aigsp, ¢ (M ¢ 0, thenh, , () =hy, (- i)
m=0

- If a configuration for aR, «q, ;.(q.) Valueor foraag.g, ; .(q.) valuefor a corresponding SRS

power control adjustment statefor activeUL BWP b of carrier f of serving cellC is providedby
higher layers

- h,(k=0k 01,.]
- Else

- bf (0)_ rampun b 1, ¢ dmsg,bt

where

dmsgg,b,f,c is the TPC commanvdalueindicated in the random access resparamtcorresponding to

the ramlom access preamble that the UE transmittedatime UL BWP b of carrier f of the serving

cell C, and
¢ 40 a0
_émax s , . 00,
DR ampugp. £ ¢ = Min e E;a)CMAx,f,c - (PO_SRSb,f,c(qs) +10009,(2" Mggsp, 1 o(1)) + Asrsp,1.c(0s) CPLn,f,c(Qd))g u
g
2 rampuprecestedb, f ,c g
Where DP . s upreqsteds. 1 « 1S Provided by higher layers and corresponds to the total powerupmp

requested by higher layers from the first to the last preafoblective UL BWP b of carrier f of
servingcell C.

- h, ()=d., () if the UE is not configured for PUSCH transmissions on activeBWP b of carrier f

SRSh f ¢
of serving cellC, orif srsPowerControlAdjustmentStateslicates separate power control adjustmentstate
between SRS transmissions and PUSCH transmissindfpc-Accumulations provided and the UE
detectsa DCI format2_3 K symiols before a first symbol @RS transmissioaccasioni , where

absolute values Off g, ; .

SRSmMin

are provided in Table 7.2:1

- if srsPowerControlAdjustmentStatexlicates a same power control adjustment state for SRS transmissions
and PUSCH transmissionthe update of thpower control adjustment stdi@ SRS transmissioaccasionl
occurs at the beginning of each SRS resource in the SRS resoutie setherwie, the update of thower

control adjustment sta®RS transmissionccasioni occurs at the beginning of the first transmitted SRS
resource in the SRS resource sgt

If a UE transmits SRBased on a configuration b SRSPositioningConfigonactiveUL BWP wof carrier Qof
serving cell)) the UE determirsthe SRS transmission power {r; ‘@ in SRS transmissioaccasionCas

(D), Tj
Parsp, 1c(1,0s) = min F vt m y dBm]
1 Po_srsw, 1.¢(0s) +10l0g, (2 CMSRsb t (1)) +Asrep. 1, c(qs)CPLb t.c(Qg) Y

where,

- 0y wer N and ;5 rrr N areprovided bypOandalpharespectively, ér active UL BWPQOf carrier'Q
of serving cellk) andSRS resource sét is indicaed bySRSResourceSetlftom SRSResourceSeand

- 0 0rf 1 isadownlink pathloss estimatia dB calculatedby the UE as describeih Clause7.1.1in case of an
active DL BWPof aserving celliy using RS resource indexéd in a serving onon-serving celffor SRS
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resource sa{ [6, TS 38.214]A configuration forRS resource indey associated witlSRS resource sgt is
providedby pathlossReferenceRS

- if assbindexis provided referenceSignalPowes provided byssPBCH-BlockPower
- if adl-PRSResourcelds provided referenceSignalPowes provided bydl-PRSResourcePower

If the UE determines that the UE is not able to accurately measiigg 1 , the UE calculate8 0fp 1
usinga RS resource obtained from the SS/PBCH blafake serving celthat the UEIses taobtainMIB

The UE indicates a capability for a numbeipathloss estimasethat the UE can simultaneously maintain.

7.4 Physical random access channel

A UE determines a transmission power for a physical random access channel (RRAGH), ; .(i) , onactiveUL

BWP b of carrier f of serving cellC based on DL R%or serving cellC in transmissiomccasioni as

Poractp.t ¢ (1) =min {PCMAx,f,c (i), Porachtargetrc T PLb,f,c} [dBm],

where P, ;.(i) is theUE configuredmaximum outpupower defined in [8L, TS 38.1011], [8-2, TS38.10%2] and

[8-3, TS38.10%3] for carrier f of serving cellC within transmissiorccasioni , Poracriargerse 1S the PRACH target

reception powePREAMBLE_RECEIVED_TARGET_POWRRvided by higher laysf11, TS 38.321for theactive
UL BWP b of carrier f of serving cellC, and PL, , . is a pathloss fotheactiveUL BWP b of carrier f based on

the DL RS associated with the PRA@dnsmissioron the active DL BWRf serving cellC andcalculated by the UE

in dB asreferenceSignalPoweér higher layer filtered RSRP dBm, where RSRP is definedjn7, TS a8tfle 21 5]
higher layer filter configuration is defined [jh2, TS 38.331]If the active DL BWP is the initiddL BWP and for

SS/PBCH block and CORESET multiplexing pattern 2 or 3, as descril&@dusel3, the UE eterminespL, , . based

on the SS/PBCH block associated with the PRACH transmission

If aPRACH transmission frora UE is not in response to a detection of a PDCCH order by theti&in response to
a detection of a PDCCH order by the UE that triggers a ntiatebased random access procedaorés associated with
a link recovery procedure where a corresponding ingey, is associated with a SS/PBCH block, as described in

Clause6, referenceSignalPowas provided byssPBCH-BlockPower

If aPRACH transmission frora UE is in response to a detection of a PDCCH order by théhbi&riggers a
contentionfreerandom access procedure and dependimihe DL RS that the DMRS of the PDCCH order is quasi
collocated with as described @lausel0.1,referenceSignalPowes provided byssPBCH BlockPowetor, if the UE is
configured resources for a periodic €% receptioror thePRACH transmission is associated with a link recovery
procedure where a corresponding indgy,, iS associated with a period@SIRS configuratioras described i€lause

6, referenceSignalPowes obtainedby ssPBCH BlockPowerandpowerControlOffsetS®herepowerControlOffsetSS
provides an offset dESIRS tiansmission power relative 85/PBCH block transmission pow& TS38214. If
powerControlOffsetSE not provided to the UE, the UE assumes an offset of. Of dBe active TCI state for the
PDCCHthat provides the PDCCH ordircludes two RS, the UE expects that one RS has-Q@leD propertiesand
the UE uses the oneSRwvhen applying value provided bpowerControlOffsetSS

If within a random access response window, as describéthirse8.2, the UE does not receive a random access
response that contains a preamble identifier corresponding to the preamble sequemigddaby the UE, the UE
determing a transmission power for a subsequent PRACH transmission, if any, as descfiiedra 38.32]L

If prior to a PRACH retransmission, a WBanges thepatal domain transmission filter,adyer 1notifieshigherlayers
to suspend thpower ramping counteas described iff1, TS 38.32].

If due to power allocatioto PUSCH/PUCCH/PRACKERS transmissions as describe€lause?.5,or due to power
allocation in ENDC or NE-DC or NR-DC operationthe UE does not tresmit a PRACHN atransmission occasion
Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power athocation
PUSCH/PUCCH/PRACKSBRS transmissions as describe€lauser.5, or due to power allocation in ERNC or NE-
DC or NR-DC operationthe UE transmits a PRACH with reduced povreatransmission occasiohayer 1 may
notify higher layers to suspend the corresponding power ramping counter.
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7.5 Prioritizations for transmission power reductions

For single cell operation with twaplink carriers or for operation with carrier aggregatiors tibtal UE transmit power
for PUSCH or PUCCH or PRACH or SRS transmission serving cells in a frequency rarigea respective

transmissioroccasioni would exceedi, , (i) , where £, (i) is the linear value of.,,., (i) in transmission
occasioni as defined in [8L, TS 38.1011] for FR1and [82, TS38.1012] for FR2, the UE allocates power to
PUSCH/PUCCH/PRACFKBRS transmissions according to the following priority order (in deiegrorder) so that the
total UE transmit powefor transmissions on serving cells in the frequency ramgmaller than or equid f,, . (i)

for that frequency range every symbol of transmissiarccasioni . When determining a total transmit powier
serving cells in a frequency raniea symbol otransmissioroccasioni , the UE does not include power for

transmissions starting after the symbotrahsmissioroccasioni . The total UE transmit powén a symbol of a slais
defined as the sum dfie linear values of UE transmit powers for PUSCH, PUCCH, PRACH, andrSR& symbol of
the slot

- PRACH transmission on the PCell

- PUCCH transmission witARQ-ACK information and/or SRand/or LRRor PUSCH transmission with
HARQ-ACK information

- PUCCH transmission with CSI or PUSCH transmission with CSlI

- PUSCH transmission without HARACK informationor CSland, for Type2 random access procedure,
PUSCHtransmission on the PCell

- SRS transmissigmwith aperiodic SRS having highpriority than sempersistent and/or periodic SRS,
PRACH transmission on a serving cell other than the PCell

In case of same priority ordand for operation with carrier aggregatitimee UE prioritizes power allocation for
transmissioaon the primary cell ofte MCG or the SC®ver transmissiosion a secondary celin case of same
priority orderand for operation with twbJL carriers, thaJE prioritizes power allocation for transnisss on the
carrierwhere the UE is configured to transmit PUC@HPUCCHis not configured for any of thevo UL carriers, the
UE prioritizes power allocation for transmissionstba nonsupplementary UL carrier.

7.6 Dual connectivity
7.6.1 EN-DC

If a UE is configured with a MCG using-UTRA radio access and with a SCG ushiBg radio accesshe UE is
configured a maximum powe®, . for transmissions on the MCG IpyMaxEUTRAand a maximum poweP, , for

transmissioni FR1 on the SCG bp-NR-FR1

The UEdetermiresa transmission power for the MCG as described in [13, TS 36U&113) P, as the maximum

transmission power. The UE determitiesismission power for the SAGFR1 as describe@lausa 7.1through 7.5
using Pk as the maximum transmissipower.The UE determinegansmission power for the SCGHR2 as

describedClausa 7.1through 7.5

A UE does not expect to be configuried operation with shortened TTI afwd processindime [13, TS 36.213pn a
cell that is included in an ERC configuration.

If a UE is configured withix _ + i, > i=¥0c where f=__ is the linear valuef P, k& is the linear valuef R,

and f=ENoe s the linear value of configuredmaximumtransmissiorpowerfor EN-DC operatiorasdefined in[8-3,

Total

TS 38.1013] for FR1, the UE determinea transmission powdor the SCG as follows.

- If the UEis configuredwith reference TDD configuratiofor E-UTRA (by tdm-PatternConfigrl5 or bytdm
PatternConfigrl6in [13, TS36.213)

- If the UE doesot indicate a capability for dynamic powsraringbetween BJTRA and NRfor EN-DC,
the UEdoesnot transmitn a sloton the SCGn FR1 whena corresponding subframe on the MG&nUL
subframen the reference TDD configuration
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- If the UE indicates a capability for dynamic power sharing betwee A and NR for ENDC, and does
not indicate a capabilittdm-PatterndualTxin [16, TS 38.306], and is configured wiithm-PatternConfig
r16, the UE does not transmit on the SCG in FR1 wherlJE has overlapped transmission on a subframe
on the MCG.

- If the UE indicate a capability for dynamic power sharibgtween BJTRA and NRfor EN-DC and

- if UE transmission(s) in subframig of the MCG overlap in time with UE transmission(s) in sjoof the
SCGin FR1, and

Total

- if EELo(i,)+ FEdi,) > FENPS in any portion oflot i, of the SCG

the UEreducedransmission powen any portion ofslot i, of the SCG so thafr_ (i,)+ = (i,) ¢ 2 in
any portion ofsloti,, where iz _ (i) and fz_ (i,) arethe linear values of thital UE transmssionpowersin
subframei, of the MCGandin slot i, of the SCGn FR1, respectivelyThe UE is not required to transnmit
anyportion ofslot i, of the SCG if I:E;:ce(iz) would need to be reduced by more than the value provided by
Xscaein order for g __(i,)+ . Ji,) ¢ EENCC in any portion of slof, of the SCG The UE is required to

Total
transmitin slot i, of the SCG iff (i,) would not need to be reduced by more than the value provided by

SCaG!
XscaLein orderfor i _ (i,)+ fE Ji,) ¢ ENPC in all portions of slof,.

- If the UEdoesnot indicate a capability for dynamic power shatiegween BJTRA and NRfor EN-DC, the
UE expectgo be configuredvith reference TDD configuratiofor E-UTRA (by tdm-PatternConfigrl5 or by
tdm-PatternConfigrl6in [13, TS36.213).

7.6.1A NE-DC

If a UE is configured withmMCG usingNR radio access and with a SCG usiEy TRA radio accesshe UE is
configured a maximum powet, for transmissions in FR1 on the MCG pANR-FR1and a maximum poweP, . for

transmissions on the SCG pyMaxEUTRA

The UE determinegansmission power for the MCG in FR1 as descriBdiss 7.1 through 7.5using P, as the
maximum transmissiopowerfor P, ¢ Py - The UE determineBansmission power for the MCG in FR2 as
describedClausa 7.1through 7.5

If the UE is not provideddd-UL-DL-ConfiguratiorCommonfor the MCG, he UE determiasa transmission power for
the SCG as described in [13, TS 36.218]ng P, as the maximum transmission power

If at least one symbol of slat of the MCG that isindicated as uplink or flexible bild-UL-DL-ConfiguratiorCommon
or tdd-UL-DL-ConfigurationDedicatedoverlaps with subframg of the SCG

- for subframei,, the UE determinea transmission power fdine SCG as described in [13, TS 36.213] using
Pz as the maximum transmission power

otherwise

- the UE determinea transmission power fohe SCG as described in [13, TS 36.248hout consideringP, =
as the maximum transmission power

If a UE is configured withez _ + pE >pYeBc, where iz, _ is the linear valuef P, Hx, is the linear valuef

Pur, and FE—';‘)tEa'IDC is the linear value od configuredmaximumtransmissiorpowerfor NE-DC operatiorasdefined in
[8-3, TS 38.1013] for FR1,the UE determines a transmission power for the MCG as follows

- If the UEis configuredwith reference TDD configuratiofor E-UTRA (by tdm-PatternConfigri5in [13, TS
36.213)

- If the UE doesot indicate a capability for dynamic power shatdiegween BJTRA and NR for NEDC,
the UEdoesnot expect to transmiih a sloton theMCG in FR1 whera corresponding subframe on 8€G
is anUL subframen the reference TDD cdiguration

- If the UE indicate a capability for dynamic power sharibgtween BJTRA and NR for NEDC and
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- if the UE transmission(s) islot i, of the MCG in FRIoverlap in time with UE transmission(s)sabframe
i, of the SCGand

- if (i) + Psce( ) spNEBE in any portion ofslot i, of the MCG

Total

the UEreducegransmission powen anyportion ofslot i, of theMCG so thatﬁtnce( iy) + PSCEG(i ) @$§§C

in all portions ofslot i, , where £ __(i,) and f£_i,) arethe linear values of thietal UE transmsésionpowess

in slot i, of the MCG in FRIandin subframei, of the SCG respectively.

- If the UEdoesnot indicate a capability for dynamic power shatimgween BUTRA and NRfor NE-DC, the
UE expects to be configuradth reference TDD configuratiofor E-UTRA (by tdm-PatternConfigrl5in [13,
TS36.213).

7.6.2 NR-DC

If a UE is configured with@MCG usingNR radio access FR1 or inFR2 and with a SCG usiniR radio accesm
FR2 or inFR1, respectivelythe UE performs transmission power control independerdlycell group as described in
Clausa 7.1 through 7.5

If a UE is configured with an MCG and a SCG usitiig radio access FR1 and/or in FRZhe UE is configured a
maximum poweDy, ¢ sfor transmissions on the MCG IpyNR-FR1 and/or byp-NR-FR2and a maximum powels ¢ g
for transmissions on the SCG pyNR-FR1and/or byp-NR-FR2and with an intelCG power sharing mode WYR-DC-
PC-modefor FR1 and/oby NR-DC-PC-modefor FR2 The UE determines a transmission power on the MCG and a
transmission p@er on the SCG per frequency range.

If a UE is providedNR-DC-PC-mode= Semistaticmode lor NR-DC-PC-mode= Semistaticmode? the UE does not
expectd. »-and0; 4 to be conflgured suchthét,. © 0 , wherel. , .is thelinear value of. »,0 is
the linear value ob; ,; andd is the linear value of a configured maximum transmission power feDNR
operation in FR1 as defined in-f8 TS 38.1043].

If a UE is providedNR-DC-PC-mode= Semistatic-model the UE determinea transmission power for the®G or for
the SCGas describeth Clauses 7.1through 7.5usingU. 4 -or U3 4 @s the maximum transmission powerspectively.

If a UE is providedNR-DC-PC-mode= Semistaticmode2

- if at least one symbol of sl@&of theMCG or of the SCG that imdicated as uplink or flexible a UEby tdd-
UL-DL-ConfigurationrCommonandtdd-UL-DL-ConfigurationDedicated if provided,overlaps witha symbol for
any ongoing tramaissionoverlapping withslot"Qof the SCG or of the MCG, respectivethie UE determinea
power forthetransmission on th8CGor the MCGoverlapping withslot Qas describeth Clause 7.1 through
7. 5usmgU3 # or 0. 4 » respectivelyas the maximum transmission power

- otherwisg the UE determinea power forthetransmission oMCG or the SCGoverlapping withslot'Q as
described if8-3, TS 38.1043] and inClause 7.1 through 7.5 without considering. , -or 05 4, respectively

The UE expects to be provid®&tR-DC-PC-mode= Semistaticmode2only for synchronous Nf®C operation [10, TS
38.133].

If the UE indicats a capability for dynamic power sharibgtween the MCG and the SCG and is provil&DC-PC-
mode= Dynamic

- if UE transmission(s) islot "Qof the MCGoverlap in time with UE transmission(s)stot "Qof the SCGandif
0.4 "Q O34 "Q 0% any portion olot"Qof the SCGthe UEreducedransmission powen
anyportlon ofslot'Qof theSCG sothal. ,. "Q  0z,. "Q 0; Ain all portions ofslot'Q, where
0. 4. "Qandl;,. "Q arethe UE transmission powerssint ‘Qof the MCG andn slot"Qof the SCG,
respectively, that the UE determines accordinGluse 7. 1thr0Lgh 7.5 using). »-and0s », respectivelyas
the maximum transmission poveesn the MCG and the SCG abl®is the linear value od configured
maximumtransmissiorpowerfor NR-DC operationin FR1asdefined in[8-3, TS 38.1043]

- if UE transmission(s) islot "Qof the MCGor in slot"Qof the SCGdo not overlap in time with any UE
transmission(s) on the SCG or the MCG, respectitkly/UE determinea transmission power slot'Qof the
MCG or in slot"Qof the SCGas described if8-3, TS 38.1043] and inClausea 7.1 through 7.5 without
consileringV. 4 .or 03 4, respectively
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If a UE
- is providedNR-DC-PC-mode= Dynamig and

- indicates a capability to determine a total transmission power on the SCG at a first symbol of a transmission
occasion on the SCG by determiningnsmissions on the MCG that

- are scheduled by DCI formats in PDCCH receptions with a last symbol that is earlier by mékehan o
from the first symbol of the transmission occasion on the SCG, and

- overlap with the transmission occasion on th&SC

the UEdetermines maximum transmission power on the S&Ghe beginning of the transmission occasion on the
SCG as

- 4 Q0 40, &%, 0. 4. if the UE determines transmissions on the MCG with a. total power
- 0; &% if the UE does not determine any transmissions on the MCG

where
- Yirsd{ABY § RY {5

- %Yy and’Y  isthe maximumofY {,°Y 5 Y i .Y f,and’Y | based onthe
configurations on th&®1CG and the SCG, respectively, when the UE indicates a first value for the capability, and

- %Yy and’Y  isthe maximumofY {,°Y 5 Y i .Y based on the configurations on
theMCG and the SCG, respectively, when the UE indicates a second value for the capability

The UE does not expect to hasansmissions on the MCtRat

- are scheduled by DCI formatsDCCH receptions with a last symbol tigearlier by less than or equal to
"Y £+6am8 the first symbol of the transmission occasion on the SCG, and

- overlap with théransmissioroccasion on the SCG

7.7 Power headroom report

Thetypesof UE power hedroom reportsre the following A Type 1UE power headroonH thatis valid for
PUSCH transmissioaccasioni onactiveUL BWP b of carrier f of serving cellC. A Type 3UE power headroom

PH that is valid for SR$ransmissioroccasioni onactiveUL BWP b of carrier f of serving cellC.

A UE determines whether a power headroom report for an activated serving cell B8 329] is based on an actual
transmission or a reference fornased orthe higher layer signalling of configured greaarid periodic/sempersistent
sounding reference signal transmissianddownlink control information the UE received until and indhgdthe

PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format 0_1 scheduling an initial
transmission of a transport block since a power headroom report was triggeesgdower headroom report is reported

on a PUSCH trigged by the first DCI. Otherwise, a UE determines whether a power headroom report is based on an
actual transmission or a reference format based on the higher layer signalling of configuraddypeentodic/semi
persistent sounding reference signal traissimansand downlink control information the UE received until the first

uplink symbol of a configured PUSCH transmission mifiggc,=Tproc,2 WhereTproc,2iS determined according {6, TS
38.214 assumingl, 1= 1, d» =0, andwith pp_ corresponding to the subcarrier spacing of the active downlink BWP of
the scheduling cell for a configured grant if the power headroom report is reported on the PUSCH using the configured
grant

If a UE
- is configured with two UL carriers for a servingll, and
- determinea Type 1 power headroom repad aType 3power headroom repditr the serving cell

the UE
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- provides the Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on
respective actuatansmissions or on respective reference transmissions

- provides the power headroom report that is based on a respective actual transmission if either the Type 1 report
or the Type 3 report is based on a respective reference transmission

If a UE is configired with a SCG and ghr-ModeOtherCHor a CG indicatedsirtual then for power headroom

reports transmitted on the CG, the UE comp®dsassuming that the UE does not transmit PUSCH/PUCCH on any
serving cell of the other C&or NRDC when both the @G and the SCG operate eitlef~R1 or in FRZandfor a
power headroom report transmittedtbe MCG or the SCGthe UE computeBH assuming that the UE does not
transmit PUSCH/PUCCH on any serving cell of 8€G or the MCG, respectively.

If the UE is canfigured with a SCG,

- For computing power headroom for cells belonging to MCG, the 'sming cellin this clauserefers to
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the'seming cellin this clauserefers to serving
cell belonging to the SCG. The tefprimary cell in this clauserefers to the PSCell of the SCG.

If the UE is configured with BUCCHSCell

- For computing power headroom for cells belongingrimary PUCCH groupthe termserving cellin this
clauserefers to serving cell belonging to thegmary PUCCH group

- For computing power headroom for cells belongingegoondary PUCCH grouyghe term'serving cellin this
clauserefers to serving cell belonging to tekecondary PUCCH groufhe termprimary cellin thisclause
refers to thd®?UCCHSCell of thesecondary PUCCH group

For a UE configured with ENDC/NE-DC and capable of dynamiower sharingif E-UTRA Dual Connectivity PHR
[14, TS36.32]] is triggeredand

- if the duration of NR slot on active UL BWP is different from that dd ERA subframe carryinghe Dual
Connectivity PHRthe UE provides power headroom thfe first NR slot thatully overlaps withthe E-UTRA
subframe

- if the duration of NR slot on active UL BWP is the same as thatldf BA subframe carryinghe Dual
Connectivity PHRfor asynchronous EfDC/NE-DC [10, TS38.13], the UE providepower headroomf the
first NR slotthatoverlaps withthe E-UTRA subframe

7.7.1 Type 1 PH report

If a UE determines thad Type 1 power headroom report for an activated serving cell is basedastual PUSCH
transmissiorthen, forPUSCH transmissioaccasioni onactiveUL BWP b of carrier f of serving cellC, theUE
computeghe Type Ipower headroom report as

PH e, ¢ (15 J:0451) = Pewax 1 c (1)- { POfPUSCHJ,f,c(j)+10|Oglo(2md/llz§hsl,cf'jc(i))+ab,f,c(j)chb,f,c(qd)+DTF,b,f‘c(i)+ fb,f,c(i-l)} [dB]

where PCMAX,f,c(I)’ Po_puscrofc (1) s Megprc@) ab,f,c(j), Pl ¢c(0s): Drepc(i) and f, ; .(i,1) are defined in
Clauser.1.1

If a UE is configured with multiple cells for PUSCH transmissions, wh&€&configuration /17 onactiveUL BWP

b, of carrier f, of serving cellC; is smaller than &CSconfiguration /73 on activeUL BWP b, of carrier f, of

serving cellC, , and if the UE providea Type 1 power headroom report in a PUSCH transmission in a shotioa

UL BWP b, that overlaps with multiple slots @ttiveUL BWP b, , the UE provides a Type 1 power headroom
report forthe first PUSCHIif any, onthe first slot of the multiple slots activeUL BWP b, that fully overlaps with
the slot omactiveUL BWP b, . If a UE is configured with multiple cells for PUSCH transmissions, wheaneSCS

configurationon activeUL BWP b, of carrier f,; of serving cellC; andactiveUL BWP b, of carrier f, of

serving cellC, , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in aastoteon
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UL BWP b, , the UE provides a Type 1 power headroom reporteifirst PUSCHIif any, onthe slot oractiveUL
BWP b, that overlaps with the slot aactiveUL BWP b, .

For a UE configured with ENDC/NE-DC and capable of dynamic power shariifids-UTRA Dual Connectiity PHR
[14, TS 36.321] is triggeredhe UE provides power headroom of the first PUSCH, if any, on the determined NR slot as
described irclause?.7.

If a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for cammftatType
1 power headroomeport in a first PUSCH transmission that includes an initial transmission of transporohlackive

UL BWP b, of carrier f, of serving cellC; , a secondPUSCH transmission on actitdt. BWP b, of carrier f, of

serving cellC, that overlaps with the first PUSCH transmission if

- the second PUSCHlansmission ischeduled by DCI format 0_0 or a DCI format 0_1 irP®CCH received in
asecond PDCCH monitoring occasion, and

- the second PDCCH monitoring occasiorifiter a first PDCCH monitoring occasion where the UE dethets
earliestDCI format 0_0 or DCI format 0_1 scheduliag initialtransmissiorof a transport bloclaftera power
headroom report was triggered

or

- the second PUSCH transmission is afterfirst uplink symbobf the first PUSCH transmission minus
T proc,=Tproc,2 WhereTproc,2 IS determined according to [6, TS 38.288kuminglz 1 =1, d2,2=0, andwith pp.

corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant

if the first PUSCH transmission is on a configured gedtera power headroom report was triggered

If the UEdetermines thaa Type 1 poweheadroom repoffor an activated serving cell is based on a reference PUSCH
transmissiorthen,for PUSCHtransmissioroccasioni onactiveUL BWP b of carrier f of serving cellC, theUE
computeghe Type Ipower headroom repoas

PH,pem r o (0 J,dgs1) = 5crlex,f,c(i)' { Fo_puscr, 1 ¢ (1) +ab,f,c(j)@|‘b,f,c(qd)+ fb,f,c(i-l)} [dB]

where ’F;CMAX'm(i) is compued assuming MPR=0 dB,-MPR=0 dB,P-MPR=0dB. DTc = 0 dB. MPR, A-MPR, P-MPR

andDTc are defined if8-1, TS 38.1011], [8-2, TS38.1042] and [83, TS 38.1043]. The remaining parameters are
defined inClause7.1.1where Py, pysc, 1 o (J) anda,; .(]) areobtainedusing R, \omnar puscrsc(0) andpo-

PUSCHAIphaSetld= 0, PL, , .(q,) is obtained usinguschPathlossReferenceR8 = 0, and| =0.

If a UE is configured with two UL carriers for a serving cell and the UE deterraifigpe 1 power headroom report
for the serving cell based on a reference PUSCH transmise®E computes a Type 1 power headroom report for
the serving cell assumirayeference PUSCH transmission on the UL carrier providgolisghConfig If the UE is
providedpuschConfigfor bothUL carriers, the UE computes a Type 1 power headrogport for the serving cell
assuming a reference PUSCH transmission on the UL cprdeided bypucchConfig If pucchConfigis not

provided to the UE for any of the two UL carrigtise UE computes dype 1 power headroom report for the serving
cell assuming a reference PUSCH transmission on themgplementary UL carrier

1.7.2 Type 2 PH report

This clauseis reserved.

7.7.3 Type 3 PH report

If a UE determines thad Type 3 power headroom repfot an activated serving cell is based on an actual SRS
transmissiorthen, forSRS transmissioaccasioni on activeUL BWP b of carrier f of serving cell C and if the

UE is not configured for PUSCH transmissiamscarrier f of serving cell C , the UE computes ype 3power
headroom report as

PH, pea r c (1,0s) = Pemax 1o (1)- { Po_sre 1 ¢(0s) +10log 10(2mCNISRSb,f,c (1)) + @srgp 1 (ds) CPLb.f,c (@y) +hy ¢ (1) }
[dB]
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where PCMAX, f,c (i)' Po_srsp,1.c(0s) + Mspgp ¢ (1) 5 aSRSb,f,C(qs)’ PL,.(ds) andh, , (i) are defined irClause
7.3.1

If the UEdetermines thaa Type 3 power headroom repéot an activated serving cell is based on a reference SRS
transmissiorthen, forSRS transmissioaccasioni on UL BWP b of carrier f of serving cellC, and if the UE is

not configured for PUSCH transmissiomsUL BWP b of carrier f of serving cellC, the UE computea Type 3
power headroom repoais

PHy ot 0 (1 05) = Povia. 1.0 0) = { P sren .0(0) * s 0(@) Py o (G) + 1y ()} [dB]

where (s is a SRS resource smirresponding tSRSResourceSetld 0 for UL BWP b and P, grg, 1c(0s) |
Agpsitc(ds), PL.(ay) and h, ; (i) are defined irClause7.3.1 with corresponding values obtained frBRS

ResourceSetld 0 for UL BWP b . ISCMAX'f‘C(i) is computed assuming MPRdB, A-MPR=0dB, PMPR=0dB

andDTc =0dB. MPR, AMPR, RMPR andDTc are defined in§-1, TS 38.1011], [8-2, TS38.1042] and [83, TS
38.10%3].

If a UE is configured with two UL carriers for a serving cell and the UE deterraiigpe 3power headroom report
for the servingcell based on a reference SR&smissionthe UE computes a Typep@dwer headroom report for the
serving cell assuming reference SR8ansmission on the UL carrier provided foyach-Config If pucchConfigis not
provided to the UE for any of the two UL carrigtise UE computes dype 3power headroom report for thersing
cell assuming a reference SR&nsmission on the nesupplementary UL carrier

8 Random access procedure

Prior to initiation of the physical random access procedure, Layer 1 reémirrehigher layers a set of SS/PBCH block
indexes and providgo higher layers a corresponding set of RSRP measurements.

Prior to initiation of the physical random access procedure, Lagexyteceive from higher layelan indication to
perform a Typel random access procedure, as describ@lanse 8.1 through 8.4r a Type2 random access
procedure as described@tausea 8.1through8.2A.

Prior to initiation of the physical random access procedure, Layer 1 retie@viollowing information from the higher
layers:

- Configuration of physical random access channel (PRACH) transmission parameters (PRACH preamble format,
time resources, and frequency resources for PRACH transmission).

- Parameters for determining thaot sequences and their cyclic shifts in the PRACH preamble sequence set
(index to logical root sequence table, cyclic sh¥ (), and set type (unrestricte@stricted sef, or restricted

set B).

From the physical layer perspective, hge1 L1 randomaccess proceduiecludesthe transmission of random
access preamble (Msgl) in a PRACH, random access responser{iRagdge witla PDCCHPDSCH (Msg2)and
when applicable, the transmissionad?USCHscheduled by a RAR UL grarand PDSCHor contentiorresolution

From the physical layer perspective, thge2 L1 random access proceduneludesthe transmissionf random
access preambla a PRACHand of a PUSCH (MsgA) and the reception of a RA&sage witaa PDCCHPDSCH
(MsgB), and when applicableh¢ transmission af PUSCHscheduled by a RAR UL grarand PDSCHor contention
resolution

If arandom access proceduseénitiated by aPDCCHorderto the UE, a PRACHtransmission is with a san®CSas a
PRACHtransmission initiated by higher layers.

If a UE is configured with two UL carriers for a serving cell and the UE detects a PDCCH order, the UE uses the
UL/SUL indicator field value from the detected PDCCH order to determine the UL carrier for the ondiegp
PRACH transmission
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8.1 Random access preamble

Physical random accepsocedure is triggered upon request fFRACHtransmission by higher layeos by a PDCCH
order. A configuration by higher layers for a PRACH transmissiariudes the following:

- A configuration for PRACH transmission [4, TS 38.211].

- A preamble index, preambleSCS Fogacriarger, @ COrresponding RARNTI, and a PRACH resource.

A PRACH s transmitted usinthe selecte@?RACH formatwith transmission poweRsgacyp ¢ (i) , asdescribed in
Clause7.4, on the indicated PRACH resource

For Typel random access procedurd)& is provided a numbeN of SS/PBCH blocks associated wihePRACH

occasion and a numbdr of contention based preambles per SS/PRBGigk per valid PRACH occasion lsgh
perRACHOccasionAndCBPreamblesPerSSB

For Type2 random access procedure with commonfiguration ofPRACH occasions with Typ& random access
procedure, &JE is provided amumber) of SS/PBCH blocks associated withePRACH occasion bgsbperRACH
OccasionAndCBPreamblesPerSSand a numbeb of contention based preambles per SS/PRGdk per valid
PRACH occasion bynsgACB-PreamblesPerSSBhe PRACH transmission can be a subset of PRCH occasions
associated with same SS/PBCH block inddar a UE provided with a PRACH mask index tmggAssbsharedRG
Maskindexaccording to [11, TS 38.321]

For Type2 random access procedure with sepatatdiguration ofPRACH occasions with Typé random access
procedurea UE is provided a number of SS/PBCH blocks associated withePRACH occasion and a numb¥iof
contention based preambles per SEPBlock per valid PRACH occasion gbperRACHOccasionAndCB
PreamblesPerSSBisgAwhen provided; otherwise, ssbperRACHOccasionAndCHPreamblesPerSSB

For Type-1 random access procedure, or for TPp@andom access procedwvigh separateonfiguration of PRACH
occasiondgrom Type 1 random access procediféd p, one SS/PBCH block is mappedgiol consecutive valid
PRACH occasionand’Y contention based preambles with consecutive indexes associatede/8®/PBCH block per
valid PRACH occasion start from preamble indeX® p, 'Y contention based preambles with consecutive indexes
associated with SS/PBCH bloekm & 0 p, per valid PRACH occasion start from preamble index

£to j 6 where( is provided bytotalNumberOfRAPreambledor Type 1 random access procedure, or
by msgAtotalNumberOfRAPreambledor Type-2 random access proceduvih separateonfiguration ofPRACH
occasions from a Type 1 random access procedarks an integer multiple af .

For Type2 random access procedure with commonfiguration ofPRACH occasions with Typg random access
procedure, il p, one SS/PBCH block is mappeddo( consecutive valid PRACH occasions andontention
based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from
preamble indeXY. If 0 p, 0 contention based preambles with consecutive indexes assogitteSS/PBCH block
g,m & O p,pervalid PRACH occasion start from preamble ingléx j O Y, wherel is
provided bytotaINumberOfRAPreambledor Type-1 random access procedure

For link recovery, a UE is providedl SS/PBCH blocks associated with one PRACH occasicssbperRACH
Occasionin BeamFailureRecoveryConfigor a dedicated RACH configuration provided®&CHConfigDedicated
if cfrais provideda UE is provided) SS/PBCH blocks associated with one PRA@dasion byssbperRACH
Occasionin occasionsIf 6 p, one SS/PBCH block is mappedgiod consecutive valid PRACIdccasions. Ifj

p, all consecutivéd SS/PBCH blocks are associated with one PRACH occasion.

SS/PBCH blockndexesprovided bysskPositiorsinBurstin SB1 or in ServingCellConfigCommaaremappedo
valid PRACH occasionsn the following ordemhere the parameters atescribed if4, TS 38.211]

- First, in increasingorder ofpreamble indxeswithin a singlePRACH occasion
- Secondjn increasingorderof frequency resource indexes foequency multiplexe@®RACH occasios
- Third, in increasingprder of time resource indexes tone multiplexedPRACH occasioswithin aPRACH slot

- Fourth,in increasingorder of indexes for RACH dots
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An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value
in the setetermined by the PRACH configuration period according Taldld such thatN3>® SS/PBCH blocks are

mapped at least once to the PRACH occasions within the association period, where a UBNGfdisn the value

of ssbPositionsinBurstn SB1 or in ServingCellConfigCommoltif after an integer number of SS/PBCH blocks to
PRACH occasios mapping cycles within the association period there is a set of PRACH ocaasRiRACH

preambleghat are not mapped tN>°® SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH

occasion®r PRACH preamblesAn association pattern perigttludesone or more association periods and is

determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH
occasions not associated with SS/PBCH blocks after an integer number of association periods, ihanysadsfor

PRACH transmissions

For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of
therandom access preamlitelex field is not zero, indicates the PRACH occasion for the PRACH transmisisara w

the PRACH occasions are associated with the SS/PiGt#k indexindicatedby the SS/PBCH blocidex field of the
PDCCH order.

For a PRACH transmission triggered by higher layersstifResourceLisis provided, the PRACH mask index is
indicated byra-ssbOccasionMaskindewhich indicates the PRACH occasions for the PRACH transmission where the
PRACH occasions are associated with the selected SS/PBCH block index.

The PRACH occasions are mapped conteely per corresponding SS/PBCH block index. The indexing of the

PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per
SS/PBCH block index. The UE selects for a PRACH transmission the PRACH odcaloated by PRACH mask

index value for the indicated SS/PBCH block index in the first available mapping cycle.

For the indicated preamble index, the ordering of the PRACH occasions is

- First,in increasingorderof frequency resource indexes foequancy multiplexedPRACH occasios

- Secondjn increasingorder of time resource indexes tone multiplexedPRACH occasioswithin aPRACH
slot

- Third, in increasingorder of indexes for RACH slots

For a PRACH transmission triggered ugequesby higter layers a value ofa-OccasionLis{12, TS 38.331], if
csirsResourcelLists provided indicates dist of PRACH occasions for the PRACH transmission where the PRACH
occasions are associated wiltle selecte€ SRS index indicated bygsiRS The indexing of th€ RACH occasions
indicated byra-OccasionLisis reset per associatigatternperiod

Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion
association period

PRACH configuration period (msec) Association _period_ (numb_er of PRACH
configuration periods)
10 {1, 2, 4, 8,16}
20 {1, 2,4, 8}
40 {1, 2, 4}
80 {1, 2}
160 {1}

For paired spectrum all PRACH occasions are valid.
For unpaired spectrum,

- ifa UE is not provideddd-UL-DL-ConfigurationCommopna PRACH occasioim a PRACH slois valid if it
does not precede a SS/PBCH block in the PRACH slot and starts aNlgastymbols after a last SS/PBCH

block receptionsymbol, whereN,,, is provided in Table 8-2.

- the index of the SS/PBCH blockpsovided byssbPositionsinBurstn SB1 or in
ServingCellConfigCommon
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- If a UE is provideddd-UL-DL-ConfigurationCommora PRACH occasioimn a PRACH slots valid if
- itis within UL symbolsor

- it does not precede a SS/PBCH block in the PRACH slostarts at leasN,,, symbols after a last
downlink symbol andt leastN,, symbolsafter a last SS/PBCH block symbualhere N,

Table 81-2, and if ChannelAccessTypé6 = semistatids provded, does not overlap witnset of
consecutive symbols before the staraolext channel occupancy timehere thereshall notbeany
transmissions, as described in [15, TS 37.213]

is provided in

- the index of the SS/PBCH blockpsovided byssbPositionsinBurstn SB1 or in
ServingCellConfigCommon

For preamble format B4 [4, TS 38.211,,,=0.

Table 8.1-2: N, values for different preamble SCS /77

Preamble SCS Ngap
1.25 kHz or 5 kHz 0
15 kHz or 30 kHz or 60 kHz or 120 kHz 2

If arandom access procedusenitiated by aPDCCHorder, the UE, if requested by higher layettsansmisa PRACH

in the selected PRACHCccasion, as described in [I0S 38.321], for which a time between the last symbol of the
PDCCH order reception and the first symbol of the PRAGHdmission is larger than or equal to

N+, + Daypswitenig + Doelay MSEC, WhereN ., is a time duration ofN, symbols corresponding to a PUSCH preparation

time for UE processing capability 1 [6, TS 38.224suming /77 corresponds to themallestSCS configuration
betweerthe SCS configutéon of the PDCCHborderand the SCS configuration of the correspondiRtACH
transmission Dgyp sitcig = 0 if the active UL BWP does not change aagwpsmmg is defined in [10, TS 38.133]
otherwiseand D, =0.5 msec for FR1 an®,,, =0.25 msecfor FR2 For a PRACH transmission using 1.25 kbfz
5 kHz SCS the UE determinesl, assumingsCSconfiguration m=0.

Delay

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit
PRACH andPUSCH/PUCCH/SR$ a same slot or when a gap between thedirkist symbol of a PRACH

transmission in a first slot is sepaitgy less thanN symbols from the lagir first symbol| respectivelypf a
PUSCH/PUCCH/SR&ansmission in a second slot whéte 2 for m=0 or m=1, N=4 for m=2 or m=3, and /mis

the SCSconfiguration for the active UL BWP.

8.1A PUSCH for Type-2 random access procedure

For a Type2 random access procedure, a UE transmits a PUSCH, when applicable, after transmitting a PRACH. The
UE encodes a transport block provided for the PUSCH transmigsiog redundancy version numbeH@r operation
without shared spectrum chanmekcessthe PUSCH transmission is after the PRACH transmission by atileast

symbols wheréd ¢for* mor* p,0 Ttfor' ¢qor‘ o,and isthe SCS configuration for the active UL
BWP.

A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH oceasiociated with a DMRS resouiise
not mapped to preamble of/alid PRACH occasions. A UE can transmit a PRA@Eambldan a valid PRACH
occasion if the PRACHreamblds not mappedo a valid PUSCH occasion.

A mapping between one or multiple PRACH preambles and a PUSCH ocaasawiated with a DMRS resouiise
perPUSCH configuration.

A UE determines time resources and frequency resources for PUSCH occasions in an active ULnBiW§gjfo
PUSCHconfigfor the active UL BWPIf the active UL BWP is not the initial UL BWP amisgAPUSCHconfigis
not provided for the active UL BWP, the UE usesrisgAPUSCHconfig provided for the initial UL BWP.

A UE determines a first interlace arst RB for a first PUSCH occasion in an active UL BWP respectively from
interlacelndexFirstPOMsgAPUSCet from frequencyStartMsgAPUSCtHat provides an offset, in number of RBs in
the active UL BWPfrom a firstRB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a
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number of RBs provided hyrofinterlacesPerMsgAP®©r by nrofPRBpeMsgAPQ respectively Consecutive PUSCH
occasions in the frequency domain of an UL BWP are separated bytenafiRBs provided by

guardBandMsgAPUSCHA number( -,of PUSCH occasions in the frequency domain of an UL BWP is provided by
nrMsgAPGFDM.

If a UE does not have dedicated RRC configuration, or has an initial UL BWP as an active UL BWP, or is netl provid
startSymbolAndLengthMsgARP@sgAtimeDomainAllocatiorprovides a SLIV and RUSCH mapping type for a
PUSCH transmission by indicating

- first maxNrofUL-Allocationsvalues fromPUSCHTimeDomainResourceAllocationList PUSCH
TimeDomainResourceAllocationListprovided inPUSCHConfigCommon

- entriesfromtable6.1.2.1.22 in[6, TS 38.214]jf PUSCHTimeDomainResourceAllocationListnot provided
in PUSCHConfigCommon

else, the is provided a SLIV tsfartSymbolAndLengMsgAPQ and aPUSCH mapping type by
mappingTypeMsgAPUSCldr a PUSCH transmission.

For mapping one or multiple preambles of a PRACH slot to a PUSCH oceasiociateavith a DMRS resource, a UE
determines a first slot for a first PUSCH occasion in divatJL BWP frommsgAPUSCHIimeDomainOffsethat
providesan offset, in number of slots in the active UL BWélative to the start of each PRACH slbhe UE does not
expect to have RRACH preamblé¢ransmission and RUSCHtransmission witta msgA in a PRACH slot or in a
PUSCH slotThe UE expects that a first PUSCH occasion in each slot has a sam§SILB/38.214for a PUSCH
transmission that is provided kyartSymbolAndLengthMsgAPO

Consecutive PUSCH occasions within each slot grara¢ed byguardPeriodMsgAPUSCHsymbols and have same
duration.A numberi ; of time domain PUSCH occasions in each slot is provideartsiMsgAPOperSloand a number
0, of consecutiveslots thainclude PUSCH occasions is providedrirgfSlotsMsgAPUSCH

A UE is provided a DMRS configuration for a PUSCH transmission in a PUSCH occasioadtiveenULBWP by
msgADMRSConfiguration

A UE is provided an MCS for data information in a PUSCH transmission for a PUSCH occasagAWICS

ForaPUSCH transmission with frequency hopping slot when indicated bynsgAintraSlotFrequencyHoppinfpr
the active UL BWPRthe frequency offset for the second hop [6,3B214] isdetermined as described@Gtauses.3,

Table 8.31 usingmsgAHoppingBits instead ofN,, ,,,,. If guardPeriodMsgAPUSCHSs provided a first symbol of the

PUSCH transmission after frequency hopping is separatgddrgPeriodMsgAPUSCHsymbols from a last symbol of
the PUSCH transmission before frequency hopping; otherwise, theecetime separation of the PUSCH transmission
before and after frequency hoppirnthe UE is provided witluselnterlacePUSCH ommonit shall transmit PUSCH
without frequency hoppindd PUSCH transmission uses a same spatial filter as an associated PRACH transmission.

A UE determines whether or not to apply transform precoding for a PUSCH transmisdestaiked in§, TS
38.24].

A PUSCH occasion for PUSCH transmission is defined bgquency resourand atime resource, and is associated
with a DMRSresourceThe DMRS resources arprovided bymsgADMRS Configuration

Eachconsecutive number @f, , . 5 Rraagble indexesom valid PRACH occasions inRRACH slot

- first, in inaeasing order of preamble indexes within a single PRACH occasion
- second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
- third, in increasing order of time resource indexes for time multiplexed PRACH oceagtbin a PRACH slot

are mapped to a valid PUSCH occasim the associated DMRS resource

- first, in increasingorderof frequency resource index&3 for frequency multiplexePUSCH occasios
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- secondjn increasingorder of DMRSresourcandexeswithin aPUSCH occasion, where a DMR8source
indexO 0 'Y is determined first in an ascending order of a DMRS port index and second in an ascending order
of a DMRS sequence index [4, TS 38.211]

- third, in increasingorder of time resourcedexesd for time multiplexedPUSCH occasioswithin aPUSCH
slot

- fourth,in increasingorder of indexes foil ; PUSCH slots

wherel, ; ¢ 4 mb&)igz'sgq e almPlus cH Y r e a da total number of valid PRACH occasions per association pattern
periodmultiplied by the number of preambles per valid PRACH occasion providatsgPUSCHPreambleGroup
and”¥ y s cif a total number of valid PUSCH occasiqes PUSCH configuratioper association pattern period
multiplied bythe number of DMR®esourcandexes per valid PUSCH occasiprovided bymsgADMRSConfig

A PUSCH occasion is valid if it does not overlap in time and frequency with any PRACH occasion associated with
either a Typel random access procedure or a FZpandom access procedure. Additionally, if a UE is providdd
UL-DL-ConfigurationCommona RJSCH occasion is valid if

- itis within UL symbolsor

- it does not precede a SS/PBCH block in the PUSCH slostants at leasi, , gymbols after a last downlink
symbol and at least, , gymbols after a last SS/PBCH block symlvahered , is provided in Table &-2.

8.2 Random access response - Type-1 random access procedure

In response to a PRACH transmissiotjt& attempts to deteetDCI format 1_Owith CRC scrambled by a
correspondindRA-RNTI during a window controlled by higher layedsl| TS 38.32]L The window starts at thie'st
symbol of the earlieSCORESETthe UE is configuredb receive PDCCHor Type:PDCCHCSS setas defined in
Clausel0.1, that isat leasbnesymbol after the last symbol of tHreRACH occasion corresponding thePRACH
transmissionyhere the symbol duration corresponds toSkSfor Typel:PDCCHCSS setis defined irClauselO.1
The length of the windown number of slotsbased on th8CSfor Typel-PDCCHCSS setis provided byra-
ResponseWindaw

If the UE detects th®Cl format 1_Owith CRC scrambled bthe corresponding RARNTI and a transport blodk a
corresponding PDSCHithin the window, the UE passes the transport block to higher layers. The higher layers parse
the tranport blockfor a random access preamble identity (RAPID) associated with the PRACH transmission. If the
higher layers identify the RAPID in RAR message(s) of the transport lileekigher layertdicateanuplink grant to

the physical layefThis is reerred toasrandomaccesgespons€RAR) UL grant in the physical layer.

If the UE does not detect the DCI format with CRC scrambled bthe corresponding RARNTI within the window,

or if the UE does not correctly receive the transport block icdheespondind®DSCH within the window, or if the

higher layers do not identify the RAPID associated with the PRACH transmfssiorthe UE the higher layers can
indicate to the physical layer to transmit a PRAGHequested by higher layetthie UEis expectedo transmit a

PRACH no later tharN,, +0.75 msecafter the last symbol of the window, or the last symbol of the PDSCH reception,

whereN,, is a time duration olN, symbols corresponding to a PDS@kbcessingime for UE processing capability 1
assuming /77 corresponds to the smallest SCS configuratiorongthe SCS configuratianforthe PDCCH carrying
the DCI format 1_Qthecorrespondind®DSCHwhen additional PDSCH DNRS is configuredand the corresponding
PRACH For /=0, the UE assumesl, , =14 [6, TS 38.214]For aPRACH transmission using 1.25 kHz or 5 kHz
SCS, the UE determingy; assuming SCS configuratiom=0.

If the UE detects a DCI format 1_With CRC scrambled bthe corresponding RARNTI andreceivesatransport block
in acorrespondind®’DSCH the UE mayassumeameDM-RS antenna port quasb-location propertiesas described in
[6, TS 38.214] as for a SFBCHblock or a CSIRS resource the UE used for PRACH associatisrdescribed in
Clause8.1, regardless of whether or noetblE is provided CI-Stae for theCORESETwhere the UE receives the
PDCCH with the DCI format 1.0

If the UE attempts to detethie DCI format 1_Owith CRC scrambled by theorresponding RARNTI in response to a
PRACH transmission initiated by a PDCCH order that triggeentention-freerandom access proceddo the

SpCell [11, TS 38.3211the UE may assume that the PDCtHt includes the DCI format 1 &hd the PDCCH order
have sam®M-RS antenna port quasd-location propertiedf the UE attempts to detetite DCI format 1_0Owith CRC
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scrambled by theorresponding RARNTI in response to a PRACH transmission initiated by a PDCCH order that
triggers a contenticfreerandom access proceddoe a secondary celthe UE may assume the DRIS antenna port
guasi celocation properties of the CORESET associated with the TY\RI2CCH CSS set for receiving the PDCCH
that includes the DCI format 1_0.

A RAR UL grant schedules a PUSCH transmission from the UE. The contents of the RAR Ulstgréing with the
MSB and ending wit the LSB are given in Table 8-2.

If the value of the frequency hopping flag is 0, the UE transim@&®USCH without frequency hopping; otherwise, the
UE transmitgshe PUSCH with frequency hopping.

The UE determines thBICS of the PUSCHransmissiorirom the first sixteerindexesof the applicabléViCS index
table for PUSCHas described if6, TS 38.214].

The TPC commanualue d),,, ; . IS used for setting the power of the PUSE@&hsmissionas described i€lause
7.1.1,and is interpretedccording to Table 8-2.

The CSl request field is reserved

The ChannelAcces€Pexffield indicates a channel accagpeandCP extensioffior operation with shared spectrum
channel access [15, TS 37.213].

Table 8.2-1: Random Access Response Grant Content field size

RAR grant field Number of bits
Frequency hopping flag 1
14, for operation without shared spectrum channel access
12, for operation with shared spectrum channel access

PUSCH frequency resource allocation

PUSCH time resource allocation 4
MCS 4
TPC command for PUSCH 3
CSI request 1

0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access

ChannelAccess-CPext

Table 8.2-2: TPC Command d,, ;. for PUSCH

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

Unlessthe UE is configured &CS the UE receives subsequent PDSCH using ss@fas for the PDSCH reception
providing theRAR message

If the UE does not detect tHaCl formatwith CRC scrambled bthecorresponding RARNTI or the UEdoes not
correctly receivea corresponding transport block within the window, the UE procedure is as describgdTis
38.321.

8.2A Random access response - Type-2 random access procedure

In response ta transmissin of aPRACHandaPUSCH a UE attempts to deteatDCl format 1_0 with CRC
scrambled by a correspondidsgB-RNTI during a window controlled by higher layefsl| TS 38.32]L The window
starts at the first symbol of the earliest CORESET the UE is caorfigo receive PDCCH for TypeRDCCH CSS set,
as defined irClausel0.1, that is at least one symjaifiter the last symbol of thd JSCH occasion corresponding to the
PUSCHtransmissionwhere the symbol duration corresponds to the SCS for FTREICHCSSset The length of the
window in number of slots, based on the SCS for TYY W BCCH CSS set, is provided bysgBResponseWindaow
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If the UE detects the DCI format 1, With CRC scrambled by the correspondMggB-RNTI, and a transport block in
a correspondaig PDSCH within the window, the UE passes the transport block to higher lalgerkigher layers
indicate to the physical layer

- anuplink grantif the RAR message(s) is ftallbackRARanda random access preamble identity (RAPID)
associated with the PXCH transmissioris identified, and the UE procedure continues as describ@thirse
8.2 when the UE detects a RAR UL grant, or

- transmission of a PUCCH with HARACK information having ACKvalue if the RAR message(s) is for
succesRAR, where

- aPUCCHresource for the transmission of the PUCEkhdicated byPUCCH resource indicatdield of 4
bits in the successRARRom a PUCCH resource set that is providegbgchResourceCommon

- aslot for the PUCCH transmission is indicated BBDBCHto-HARQ_feedback timing indicator field of 3
bits in the successRARaving a valuédfrom {1, 2, 3, 4, 5, 6, 7, 8} and, with reference to slots for PUCCH
transmission having durati6N , the slot is determined @ Q Y, wheret is a slotof the PDSCH
receptionandY is as defined for PUSCH transmission in Table 6.1.25101[6, TS 38.214]

- the UE does not expect the first symbol of the PUCCH transmission to be after the last symbol of the
PDSCH reception by a time smaller than, T® msec wher® j is the PDSCH processing time for
UE processing capability 1 [6, TS 38.214]

- for operation with shared spectrum channel ac@esbannel access type and CP extension [15, TS 37.213]
for aPUCCH transmission is indicated BYChannelAcessCPext fieldin the successRAR

- the PUCCH transmission is withsame spatial domain transmission filter and in a same active UL &P
last PUSCH transmission

If the UE detects the DCI format 1_0 with CRC scrambled 8yRNTI and a transport block in a corresponding
PDSCH within the window, the UEansmits a PUCCH with HAR@CK information having ACK value if the UE
correctly detects the transport block or NACK value if the UE incorrectly detects the transport bldioktand
alignment timer is runninfll1, TS 38.32]L

The UE does not expect to be indicated to transmit the PUCCH with the HBRQinformation at a time that is prior

to a time when the UE applies a TA command that is provided by the transportlbtbekUE does not detect the DCI
format 1_0 with CRC scrambled by the correspondisgB-RNTI within the window, or if the UE does not correctly
receive the transport block in the corresponding PDSCH within the window, or if the higher layers do ngttltentif
RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to
transmitonly PRACHaccording to Typel random access procedure or to transmit both PRAQHPUSCH

according to Type& random access mredurg11, TS 38.32JL If requested by higher layetthe UE is expected to
transmit a PRACH no later than,  , & umnsecafter the last symbol of the window, or the last symbol of the PDSCH
receptionwherel, s a time duration of symbols corrgsonding to a PDSCH processing time for UE processing
capability 1 when additional PDSCH DRSS is configuredFor* 1, the UE assumes, f , p 1[6, TS 38.214]

Unless the UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as foHhedepttn
providing the RAR message.

If the UE does not detect the DCI format with CRC scrambled by the correspdnsigiyRNTI or the UE does not
correctly receive a corresponding transport block within the window, the UE procedure is as desctibe@Sn |
38.321.

8.3 PUSCH scheduled by RAR UL grant

An activeUL BWP, as described i@lausel2 and in [4, TS 38.211], f@PUSCH transmissioscheduled by a RAR
UL grantis indicated by higher layerBor determining the frequency domain resource allocatioth®PUSCH
transmission within the active UBWP

- if the active UL BWRand the initial UL BWP have same SCS aadhe CP length anddfactive UL BWP
includes all RBs of the initial UL BWPr the ative UL BWP is the initial UL BWP, the initial UL BWP is
used
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- else,the RB numbering starts frothe firstRB of the active UL BWP and threaximum number of RBf®r
frequency domaimesurce allocation equatee number of RBs ithe initial UL BWP

Thefrequency domainesource allocation is by uplink resource allocation tygeuselnterlacePUSCH ommoris not
provided and by uplink resource allocation type @siéInterlacePUSCHC ommoris provided[6, TS 38.214]For an

i niUl aB¥WPa féxléiz\,fp RBs, if uselnterlacePUSCHC.ommoris notprovided aUE processes he fr equency
domai n aes iogfnimaedfalows

- if N3X ¢180

size
+

- truncate the frequenay o m aesaurce ssignmenf i mlitsjéogz(Néizv\prﬁ\lBWp 1)/2)@ least significant

bits and interpret the truncated frequency resoussggamenft i edfalt he f r e g u eassignment e s o u r
fi elD@lformat0 Gas des ¢oTiSB82H] i n

- else

- insert éogz(Ngiz\,prﬁl\I;‘Z\,fp+l)/2)ﬂ 14 most significant bits with value set'® after theN, ,,,, bitst the
frequencyd o maeisaurcea s s i g fnimanete N, ,,, = O if the frequency hopping flag is set'®

and Ny, o, is provided in Table 8:3 if the hopping flag bit is set t&', and interpret the expanded frequency

resource ssignmenf i edfat he f r e qu emscy gméeedalfocrat0 Gas descri bed
[5,TS38.213

- endif
A UE determines whether or not to apply transform precodimgsasribed in§, TS 38.24].

ForaPUSCH transmission with frequency hoppsaneduled by RARIL grantor for a Msg3 PUSCH retransmissjon
the frequency offset for the second hop [6,3B3214] is given in Table 8:3.

Table 8.3-1: Frequency offset for second hop of PUSCH transmission with frequency hopping
scheduled by RAR UL grant or of Msg3 PUSCH retransmission

Number of PRBs in initial UL BWP | Value of Ny, ,, Hopping Bits | Frequency offset for 2" hop
NgE, <50 ° e/ 21
1 e\lgl\i(/ep/‘]'u
00 BNGwe/ 20
N;izv;zpz 50 01 G\IBWF’/4U
10 - BN/ 4l
11 Reserved

A SCSfor the PUSCH transmission is provided bybcarrierSpacingn BWR-UplinkCommonA UE transmis
PRACH andahe PUSCH on a samaplink carrier ofasameserving cell.

A UE transmitsa transport blockn a PUSCH scheduled by a RAR. grant in a corresponding RAR message using
redundancy version numberl®a TC-RNTI is provided by higher lars, the scrambling initialization of the PUSCH
corresponding to the RAR UL grant in clause 8.2 is byRICTI. Otherwise, the scrambling initialization of the
PUSCH corresponding to the RAR UL grant in clause 8.2 is-BRNTI. Msg3 PUSCH retransmissigrisany, of the
transport blockare scheduled by a DCI format 0_0 with CRC scrambled by-BNTI provided in the corresponding
RAR message [11, TS 38.32The UE always transmitie PUSCHscheduled by a RAR UL graniithout

repetitions

With reference to slots fa@PUSCH transmissin scheduled by a RAR UL grarif a UE receives a PDSCH with a
RAR messagending in slot N for a correspondin@RACHtransmission from the UE, the UE transniits PUSCH
in slot n+k, + D, wherek, and D areprovided in [6, TS 38.214].
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The UE may assumenainimumtime between the last symbol of a PDSCH reception conveying arRgsRagevith a
RAR UL grantand the first symbol of a corresponding PUSCH transmission scheduled by thglRgwgntis equal
to Ny, +Np, +0.5 msec where N, is a time duration ofN, symbols corresponding to a PDS@kbcessindime for

UE processing capability 1 when additional PDSCH 1R is configured N, is a time duration ofN, symbols

corresponding to a PUSCH preparation tiimeUE processing capability 1 [6, TS 38.3%hd, for étermining the
minimum time, the UE considers tha, and N, correspond to the smaller of the SCS configurations for the PDSCH

and the PUSCH~or /=0, the UE assumesl, , =14 [6, TS 38.214].

8.4 PDSCH with UE contention resolution identity

In response to a PUSCH tanissionscheduled by a RAR UL gramthen a UE has not been provided-&NTI, the
UE attempts to deteetDCI format 1_Owith CRC scrambled by correspondindC-RNTI scheduling a PDSCH that
includes a UE contention resolution idenfityl, TS 38.32]L In response to the PDSCH reception with the UE
contention resolution identity, the UE transmits HARQK information in a PUCCHThe PUCCH transmission is
within a same active UL BWP as the PUSCH transmisglominimum time between the last symbol of #2SCH
reception and the first symbol of the correspondiCCH transmission with tHeARQ-ACK informationis equal to
N;, +0.5 msec. N, is atime duration of\; symbols corresponding to a PDS@kbcessindime for UE processing

capability 1 when additional PDSCBPM-RS is configuredFor /77=0, the UE assumesl, , =14 [6, TS 38.214].

When detecting a DCI format in response to a PUSCH transmission scheduled by a RAR UL grant, as described in [11,
TS 38.321], or corresponding PUSCH retransmission scheduled by a DCI formaitld GRE scrambled by a FC

RNTI provided in the corresponding RAR message [11, TS 38.321], the UE may assume the PDCCH carrying the DCI
format has the same DS antenna port quasi-bocation properties, as described in [6, TS 38.214], as for a

SS/PBCH blak the UE used for PRACH association, as describ&lanse8.1, regardless of whether or not the UE is
provided TCiState for the CORESET where the UE receives the PDCCH with the DCI format.

9 UE procedure for reporting control information
If a UE is coffigured with a SCG, the UE shall apply the procedures described iclahisefor both MCG and SCG.

- When the procedures are applied for MCG, the tésaondary cé|l'secondary cells 'serving cell 'serving
cells in this clause refer teecondary cell, secondary celigrving cell serving cells belonging to the MCG
respectively

- When the procedures are applied for SCG, the t&mesndary céell'secondary cells'serving cell 'serving
cells in this claug refer tosecondary cell, secondary cells (not including PSCstying cell serving cells
belonging to the SC@spectively The termprimary cellin this clause refers to the PSCell of the SCG.

If aUE is configured with #UCCHSCell the UE shalbpply the procedures described in this clause for jpdtmary
PUCCH groupandsecondary PUCCH group

- When the procedures are appliedtfoe primary PUCCH grouyghe termssecondary cé|l'secondary cells
'serving cell 'serving cellsin this clause refer teecondary cell, secondary ceBgrving cell serving cells
belonging to therimary PUCCH groupespectively

- When the procedures are applied$econdary PUCCH groughe termssecondary cé€ll'secondary cells
'serving cell 'serving cellsin this clause refer teecondary cell, secondary cells (not including PUCCH
SCel), serving cell serving cells belonging to theecondary PUCCH groupspectively The termiprimary cell
in this clause refers to tHlUCCH-SCellof thesecondary PUCCH group

If a UE

- isnot providedCORESETPoolIndear is providedCORESETPoollndewith a value of O for first CORESETSs
on active DL BWPs of serving cells, and

- is providedCORESETPoolIndewith a value of 1 for second CORESETS on active DL BWPs of the serving
cells, and

- is providedACKNACKFeedbackMode SeparateFeedback
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the UE shalkeparatelyapply the procedures describeddlauss 9.1 and 9.2.8r reporting HARQACK information
associated with the first CORESE®@s active DL BWP of the serving cells and for reporting HARQK information
associated witlthe second CORESETSs ontigse DL BWP of the serving cells. HARACK information reporting is
associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ
ACK information by the UE.

For NR-DC when both the MCG and the SCG operétgeein FR1 or in FR2andfor a power headroom report
transmitted orthe MCG or the SCGthe UE computeBH assuming that the UE does not transmit PUSCH/PUCCH on
any serving cell of th&CG or the MCG, respectively.

If a UE is configured for NFDC operation, the UE does not expect to be configured with a PUSXCGH.

A PUSCH or a PUCCH, including repetitionsaifiy,can be of priorityindex0 or of priorityindex1. If a priority index

is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH
either for detection of DCI format 0_1 and DCI format 1_1 or for deteaif DCI format 0_2 and DCIl format1_2, a
priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL
BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCItférrdand DCI

format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI
format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with
corresponding HAREACK information of any priority.If, after resolving overlapping for PUCCH and/or PUSCH
transmissions of a same priority indexJE determineto transmit

- afirst PUCCHof largerpriority index, a PUSCH oa secondPUCCHof smallerpriority index, and a
transmissiorof the first PUCCH would overlap in time with a transmissiontbE PUSCH orthe second
PUCCH, the UE does not transmietAUSCH or thesecondPUCCH

- a PWSCH of largerpriority index a PUCCHof smallerpriority index and a transmission of the BOH would
overlap in time with a transmission tfe PUCCH, the UE does not transmittRUCCH

- afirstPUSCHOof largerpriority indexon a serving cellasecond®USCHof smallerpriority indexon the serving
cell, and a transmission of the fiBUSCHwould overlap in time with a transmissiontb secondPUSCH, the
UE does not transmit #'second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI
format

In the remaining of this Clausa,UE mutiplexes UCIs with same priority index in a PUC©@Ha PUSCH. APUCCH
or a PUSCHs assumed to have a same priority indexa priority index of UCIs a UE multiplexasthe PUCCHor
the PUSCH

In the remaining of this Clausi,a UE is providedsubslot.engthForPUCCH, a slot for an associated PUCCH
transmissionncludesa number of symbols indicated bybslot.engthForPUCCH.

If a UE would transmit on a serving cell a PUSCH without &CH that overlaps with a PUCCH transmissbna
serving cell thaincludes positive SR information, the UE does not transmit the PUSCH

If a UE would transmit CSI reports on overlapping physical channels, the UE aiby@igsority rules described if6,
TS 38.214 for themultiplexing of CSI reports.

If a UE has ovedpping resources for PUCCH transmissions in assidat least one of the PUCCiansmissionss
with repetitions over multiple slots, the UE first follows the procedures descriligldused.2.6for resohing the
overlappingamong the resources for tR&JCCHtransmissions

If a UE

- would multiplex UCI ina PUCCHtransmissiorthatoverlapswith a PUSCH transmissioand

- the PUSCH and PUCCH transmissions fulfill the conditionSlaused.2.5 for UCI multiplexing,
the UE

- multiplexesonly HARQ-ACK information, if any, fronthe UCI in the PUSCH transmission and does not
transmit the PUCCHf the UE multiplexessperiodicor semipersistent CSieports inthe PUSCH

- multiplexesonly HARQ-ACK information and CSI reports, if any, frotine UCI in the PUSCH transmission
and does not transmit the PUC@Hkhe UE does not multipleaperiodicor semipersistent CSteports inthe
PUSCH
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A UE does not expect to multiplex in a PUSCH transmission in oneviglotSCS configuration/77 UCI of same type
that the UE would transmit in PUCCHs in different shotth SCS configuration?, if m<m.

A UE does not expee PUCCH resource that results from nplékingoverlapped PUCCH resourgdsapplicable to
overlapwith more than one PUSCHfseachof the more than one PUSCHs incluéggriodic CSI reports

A UE does not expect to detect a DCI format scheduling a PD8CG#ptionor a SPS PDSClrelease and indicating a
resource foma PUCCH transmission wittorresponding HAREACK informationin a slot if theUE previously detects
a DCI formatscheduling a PUS& transmission in the slot arftthe UE multiplexes HAR@ACK informationin the
PUSCHtransmission.

If a UE multiplexes aperiodic CSl in a PUSCH and the UE would multiplex UCI that includes H&RQ
information in a PUCCH that overlaps with the PUSCH #oedtiming conditions for overlapping PUCCHs and
PUSCHs inClause9.2.5 are fulfilled, the UE multiplexes only the HARECK information in the PUSCHrad does
not transmit the PUCCH

If a UE transmis multiple PUSCHs in a slot on respective serving dbbs include first PUSCHs that aseheduled by
DCI formas and second PUSCH®nfigured byrespectiveConfiguredGrantConfigor semiPersistentOnPUSCldnd
the UE would multiplex UCin one of the multiple?USCHs, and the multiple PUSCHs fulfil the conditiongdtause
9.2.5 for UCI multiplexing, the UE multiplexes the U@la PUSCH from the first PUSCHs.

If a UE transmis multiple PUSCHsn a sloton respective serving cells and the UE would multiplex ln@he of the
multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHSs, the UE multiplexes the
UCI in aPUSCHof the serving cell withhe smallestServCellindexsubject to the conditions i@laused.2.5 for UCI
multiplexing béng fulfilled. If the UE transmits more than one PUSCHs in the slot osahgng cellwith the smallest
ServCellindexhat fulfil the conditions irClause9.2.5 for UCI multiplexing, the UE multiplexes the UCI in trrliest
PUSCH that the UE transmits the slot

If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with tA&RCand/or CSI
information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the
multiple slots,and the BSCHtransmissionn the one or more slsfulfill s the condions inClaused.2.5 for

multiplexing theHARQ-ACK andor CSlinformation the UE multiplexeshe HARQACK and/or CSinformation in

the PUSCHransmission in thene or more slotsThe UE does not multiplex HARACK and/or CSinformation in

the PUSCH transmission in a slot from the multiple slots if the UE would not transmit agtgRJ CCH with
HARQ-ACK and/or CSinformation in the sloin case the PUSCH transmission was absent

If the PUSCH transmission over the multiglets is scheduled by a DCI forntaat includes a DAI fieldthe value of
the DA field is applicable for multiplexing HAREACK information in the PUSCH transmission in any slot from the
multiple slots where the UE multiplexes HARELK information.

If a UE would multiplex HARQ-ACK information in a PUSCHransmission that isonfigured bya
ConfiguredGrantConfigor in an activated PUSCH transmission configuredémiPersistentOnPUSCHNd includes
CG-UCI [5, TS 38.212], the UE multiplexes the HARKZK information in the PUSCH transmission if the UE is
providedcg-CG-UCI-Multiplexing otherwise, the UE does not transmit the PUSCH and multiplexes the HATRQ
information in a PUCCH transmission or in another PUSCH transmission.

9.1 HARQ-ACK codebook determination

If a UE is providechdschHARQACK-CodebookList, the UE can be indicated IpgschHARQACK-CodebookList
to generate one or two HARACK codebookslf the UE is indicated to generate two HARXZK codebooks

- afirst HARQACK codebod is associated with a PUCCH of priority index 0 and a second HARK
codebook is associated with a PUCCH of priority index 1

- the UE is provided first and second for eackPJCCH-Config UCI-OnPUSCH PDSCH
codeBlockGroupTransmissipiy {PUCCHConfiguationList UCI-OnPUSCHList, PDSCH
CodeBlockGroupTransmissidrist}, respectively, for use with therfit and second HAR@CK codebooks,
respectivey

If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS
PDSCH release, the Ugenerates oneorrespondingdlARQ-ACK information bit If the UE generates two HARQ

ACK codebooks, the UE is indicated bgrg-CodebookID per SPS PDSCH configuration, a HAR@K codebook

index for multiplexing the correspondiffARQ-ACK information bit
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In the remaining of thi€lause reference is to one HARACK codebook.
If a UE detects a DCI format 1_1 indicating

- SCell dormancy as described i€lausel0.3 and

- is providedpdschHARQACK-Codebook = dynamic

the UE generatesARQ-ACK information bitas described i€laused.1.3 for a DCI format 1_ihdicatingScCell
dormancyand the HAR®@ACK information bit value is ACK.

If a UE is notprovidedPDSCHCodeBlockGroupTransmissipthe UE generates one HARECK information bit per
transport block.

For a HARQACK information bit, aUE generatea positiveacknowledgement (ACKif the UE detects a DCI format
that provides a SPS PDSCH release or correctly de@tdassport blockand generatesreegative acknowledgement
(NACK) if the UE does notorrectlydecode théransport blockA HARQ-ACK information hit value of O represents a
NACK while a HARQACK information bit value of 1 represents an ACK.

A UE doesnot expect to be indicated to transmit HARCK information for more thawneSPS PDSCH reception in
a same PUCCH the UE is provided a single SPS BDH configuratiornin a cell group

In the following, the CRC foa DCI formatis scrambled with a ®NTI, an MCSC-RNTI, or a CSRNTI.

9.1.1 CBG-based HARQ-ACK codebook determination

If a UE isprovidedPDSCHCodeBlockGroupTransmissidor a serving cellthe UE receivea PDSCHscheduled by
DCI format 1_1that include code block groups (CBGs) of a transport blotike UE isalsoprovided

maxCodeBlockGroupsPerTransportBldokicatinga maximum numbeN o ace of CBGs for generating respective

HARQ-ACK information bits for a transport block receptifam theserving cell.

For a number ofC code blocks (CBs) in a transport block, the UE determines a number of 8Gscording to
Clauseb.1.7.1 of [6, TS 38.2144nd determines a number of HARKEK bits for the transport blocs

CBG/TB —
NHARQ- ACK ~ M.

The UE generates an ACK for the HARKZK information bit of a CBG if the UE correctly received all code blocks of
the CBG and generates a NACK for the HARQK information bit of a CE if the UE incorrectly received at least
one code block of the CB®E.the UE receives two transport blocks, the UE concatenates the HERQinformation

bits for CBGs ofthe second transport block after the HARQK information bits forCBGs ofthe firsttransport

block.

The HARQACK codebook includes th&l ieo ek HARQ-ACK information bitsand, if NSSSA, ., < NSESIEm™ for

a transport blockthe UEgenerates NACK valuefor the lastNsao sk - Niaro ack HARQ-ACK information bis

for thetransport blockn the HARQACK codebook

If the UEgenerates a HAR@CK codebook in response to a retransmission of a transport block, corresponding to a
same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the
UE correctly decoded in a previousrtsanission of the transport block.

If a UE correctly detects each of m‘jﬁg{;‘;w CBGs and does not correctly detect the transport block for the

NGBS/ . CBGs, the URyenerates NACK value for each of th&liro ack CBGS.

HARQ- ACK

9.1.2 Type-1 HARQ-ACK codebook determination

This claus applies if the UE is configured withdschRHARQACK-Codebook= semistatic.

A UE reports HARQACK information for a corresponding PDSCH reception or SPS PDSCH release only in & HARQ
ACK codebook that the UE transmits in a slot indicated by a value of a PRSBBRQ_feedback timing indicator

field in a corresponding DCI format 1 dd DCI format 1_1. The UE reports NACK value(s) for HARCK

information bit(s) in a HAR@ACK codebook that the UE transmits in a slot not indicated by a value of a PRSCH
HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or D@idod_1.
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If the UE is providegpdschAggregationFactoand noentry inpdschTimeDomainAllocationLisincludesRepNumR16
in PDSCHTimeDomainResourceAllocatipi is a value opdschAggregationFactarotherwisel p.
The UEreports HARQACK information for a PDSCH reception

- fromsloté 0 p to slotg, if O p, or

- fromslot¢ 'Y'Qn 0 6pd@Yp to slote, if the Time domain resource assignméetd in the DCI format
scheduling the PDSCH receptimdicates an entry ipdschTimeDomainAllocationListontaining
RepNumR1&r

- in slot&, otherwise

only in a HARQACK codebook that the UE includes in a PUCCH or PUSCH transmission i sI&@ whereQis a
number of slots indicated by the PDS@HHARQ _feedback timing indicator field in a corresponding DCI format or
provided bydl-DataToUL-ACK if the PDSCHto-HARQ_feedback timingndicatorfield is not present in the DCI
format If the UE reports HARGACK information for the PDSCH reception @nslot other than slét  Q the UE sets
a value for each corresponding HARXZK information bit to NACK

If a UE reports HAR@ACK information in a PUCCHbnly for
- a SPS PDSCH releassdicatedby DCI format 1_0 wittcounterDAI field value of 1 or
- a PDSCH receptioscheduledy DCI format 1_0 wittcounterDAI field value of 1on the PCell, or
- SPS PDSCH receptisn

within the M, . occasions for candidate PDSCH receptiassietermined i€lause9.1.2.1 the UE determines a

HARQ-ACK codebook only for th&PS PDSCH release or ority the PDSCHreceptionor only for the SP®DSCH
receptiors according to correspondingl , . occasiolfs) on respective serving cell(syhere the value of counter DAI

in DCI format 1_0 is according to Table 9.4L&nd HARQACK information bits in response to SPS PDSCH
receptions are ordereatcording to the following pseudmde otherwise, the procedurgsClaused.1.2.1 andClause
9.1.2.2for a HARQACK codebook determination apply.

Set( to the number ofervingcells configuredo the UE
Setd)  to the number 08PS PDSCH coituration configured to the UE for serving céll

Setd  tothe number dL slots for SPS PDSCH reception on serving es¥ith HARQ-ACK information multiplexed
on the PUCCH

SetQ mi HARQ-ACK informationbit index
Set® i servingcell index: lowerindexescorrespondo lower RRCindexesof corresponding cell
while®d 0

Seti 1 SPS PDSCH configuration inddewer indexescorrespondo lower RRCindexes of corresponding
SPS configurations

whilei 0
Seté 1t slot index
while € 0

if UE is configured taeceivea SPS PDSCH in slat for SPS PDSCH configuratidnon serving
cell & and the SPS PDSCH is required to be received among overlapping SPS PDSCHs, if any
according to [6, TS 38.214], or based a UE capability for a number of PDSCH receptions in a
slot according to [6, TS 38.214]

£ = HARQ-ACK information bit for this SPS PDSCH reception
‘i‘Q ‘i‘Q p'

end if
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e & P
end while
(I B o %
end while
o O p
end while
9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving celC, anactive DL BWR andanactive UL BWP, as described @lausel2, the UE determines a set of
M, . occasions for candidate PDSCH receptions for which the UE can transmit correspondingA@&RQ

information in a PUCCH in slon . If serving cellC is deactivated, th&JE uses as the active DL BWier
determining theset of M , . occasions for candidate PDSCeteptionsa DL BWPprovided by

firstActiveDownlinkBWHd. The determination is based:

a)

b)

c)

d)

e)

ona set of slot timing valuek, associateavith the activeUL BWP

a) If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to ond?IXCCH for
DCI format 1_1lon serving cellC, K; is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7f@}DCI
format1 0O

b) If the UE is configured to monitor PDCCH for DCI format Ifot serving cellC, K, is provided bydI-
DataToUL-ACKfor DCI format 1_1

ona set of row indexedR of a tablethat is provided either by a first set of row indexes of a table that is
provided bypdschTimeDomainAllocatiohist in pdschConfigCommoror by Default PDSCH time domain
resource allocation 6, TS 38.214] or by the union of the first set of row indexes and a second set of row
indexes, ifprovided bypdschTimeDomainAllocatiohist in pdschConfig, associated with thactiveDL BWP
and defining respective sets of stétsets K, start and length indatorsSLIV, and PDSCH mapping types for

PDSCH receptioms described in [6, TS 38.214]

on the ratio2™ ™ petween the downlink SCS configuratiar,, and the uplink SCS configurationy,,

provided bysubcarrierSpacingn BWRDownlinkandBWR-Uplink for the active DLBWP andthe activeUL
BWP, respectively

if provided, ontdd-UL-DL-ConfigurationCommorndtdd-UL-DL-ConfigurationDedicatedas described in
Clausell.1

if CA-slotoffsetis provided, oni & | ¢ miaRgs soion T Serving celky or onG3y 1 ok ANBp azemo 06 the
cell of PUCCH transmissioms described in [4, TS 38.211]

If a UE

where

is not providedCORESETPoollndear is providedCORESETPoollndewith a value of 0 for first CORESETs
on active DL BWPs o$erving cells, and

is providedCORESETPoollndewith a value of 1 for second CORESETSs on active DL BWPs of¢néng
cells, and

is providedACKNACKFeedbackMode JointFeedback

a sening cell is placed in a first s€y of L'i,%mﬁs'@g)ving cells if the serving cell includes a first CORESET, and
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- aserving cell is placed in a second Yetf 6,%;; ]ﬁq%g)ving cells if the serving cell includes a second CORESET,
and

- serving céls are placed in a set according to an ascending order of a serving cell index

the UE generates a TyyleHARQ-ACK codebook fotheset ™¥ and the setY of serving cells separately by setting
0241162 4ahg02 41 1 62 4R the following pseud@ode. The UE concatenates the HARQK codebook
generated for the s&f followed by the HARQACK codebook generated for the Sétto obtain a total number of
O,cx HARQ-ACK information bits.

Forthe sebf slot timing value, , the UE determinea set ofM , . occasions focandidate PDSClreceptionsor
SPS PDSCH releasascording to the following pseudmde.A location in the Typel HARQ-ACK codebook for

HARQ-ACK information corresponding tosingleSPS PDSCH release is saasefor a correspondingPS PDSCH
reception A location in the Typel HARQ-ACK codebook foHARQ-ACK information corresponding to multip&PS
PDSCH releaseby a single DCI formais sameas for a correspondingPS PDSCHeceptim with the lowest SPS
configuration index among the multiple SPS PDSCH releases.

Set j =0 - index ofoccasiorfor candidatePDSCH receptiowr SPS PDSCH release

Set B=A

SetM,, =A

SetdK,) to the cardinality of sek,

Setk =0T index of slot timingvaluesk,, , in descending order of the slot timing valuiesset k, for serving cellC

If aUE is notprovidedCA-slot-offsetfor any serving cell of PDSCH receptions and for the serving cell of
corresponding PUCCH transmission with HAR@K information

while k <dK,)
it mod (n, - K, +1Lmax(2 ™ 1))=0

Setn, =0 i index ofa DL slotwithin an UL slot

while n, < n‘ax{z”ﬁ‘”a ,1)

Set R to the set ofows

Set dR) to the cardinality ofR

Set I =0 7 index of rowin set R

if slot n, starts at a same tinas orafter a slot for an active DL BWP change on serving €etir an active

UL BWP change on the PCell and sému - Klvk)CZ”l’L'"bL u+ Ny is before the slot for the active DL BWP
change on serving cet or the active UL BWP change on the PCell

e & p
else
while r <dR)

if the UE is provideddd-UL-DL-ConfigurationCommoyor tdd-UL-DL-ConfigurationDedicatedand
for each slofrom slot énu - Klvk)@”l’“”bL (- ng - NPe& +1 to slot énu - Klyk)@”l’“”bL (#n,, at
least one symbol of the PDSCH time resoutegved by rowr is configured as Ulwherek,, is the

k-th slot timing value in seK, ,
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R=R\r:
else
r=r+1;
end if
end while
if the UE does notndicatea capabilityto receivemore tharone unicast PDSCH per slatd R, A,
Mac=Mpc 85
j=i+L
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else

Set dR) to the cardinality of R
Set M to thesmallestastOFDM symbol indexasdetermined byhe SLIV, among all rows ofR
while R, A
Setr=0
while r <dR)
if S¢ m for start OFDM symbol indexS for row r

br,k,nD = j : - index ofoccasion focandidate PDSCH receptiamn SPS PDSCH release
associated witlhow r

R=R\r;
B=B8 b,,k‘nD :
else
r=r+l;
end if
end while
Mac =Mpc 85
j=i+L
Set M to the smallest lasDFDM symbol index among ailbws of R ;

end while

end if

€0 €0 P
end if

end while
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end if
k=k+1;
end while
else
while k <dK,)
it mod(ny <Ky, +1max{2m ™ a)=07 i A& o h YOS

ph A& b m
Setny, =0 7 index ofa DL slot within an UL slot

while n, < max(z”‘f”h ,1)

Set R to the set ofows

setdR) to the cardinality ofR

Set I =0 i index of rowin set R

if slot n, starts at a same time as or after a slot for an active DL BWP change on servibi@calh active UL

BWP change on the PCell and sému - Klyk)@"&“”“ kn, & 05 X —
hih: x &
is before the slot for the active DL BWP change on serving&elt the active UL BWP change on the
PCell
e & p
else
while r < R)

if the UE is provideddd-UL-DL-ConfigurationCommaoyor tdd-UL-DL-ConfiguratiorDedicatedand
for each slofrom slot énu - Kl,k)@%“”” Fnp- Npdeay+l & 0 X

A b oo € 0 p to slot énu- Kl,k)@”b“ml}"no

h h h

€ L X P IR A ¢ , at least one symbol of the

PDSCH time resource derived by rawis configured as UlwhereK,, is thek-th slot timing value
in setK, ,
R=R\r;
else
r=r+1;
end if
end while
if the UE does not indicata capability to receivenore tharone unicast PDSCH per sland R, A |

MA.C :MA,C8 ]1
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j=+1
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else

set dR) to the cardinality of R
Set M to thesmallestastOFDM symbol indexas determined by tHL 1V, among all rows ofR
while R, A

Set =0

while r <dR)

if S¢ m for start OFDM symbol indexS for row r

br,k,nD =] ; - index ofoccasion foicandidate PDSClreceptionor SPS PDSCH release
associated with row

R=R\r;
B=B8 br,k,nD :
else
r=r+1;
end if
end while
Mac =My 85
=i+

Set M to the smallest lasDFDM symbol index among albws of R ;

end while
end if
e & P
end if
end while
end if
k=k+1;
end while
end if

If the UE indicates a capabilityto receivemore tharone PDSCH per stpfor occasions of candidate PDSCH receptions
corresponding toows of R associatedvith a same value di,, . whereb , . I B, theUE doesnot expect to

receive more than one PDS@ia saméL slot.

If aUE receives &PS PDSCH, or a SPS PDSCH release,RID&CH hat is scheduled by@CI format 1_0and if
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- the UE is configured with one serving cell, and

- dM,.)=1, and

- PDSCHCodeBlockGroupTansmissions providedto the UE

the UE generates HARBCK information only for the transport block in the PDS@Honly for the SPS PDSCH
release

If aUE receives &PS PDSCH, or a SPS PDSCH release,RID&CH hat is scheduled by@CI format 1_0and {

- the UE is configured with more than one serving cells, or
- dM,.)>1, and
- PDSCHCodeBlockGroupTransmissios providedto the UE

the UErepeatsNjao acxk timesthe HARQ-ACK informationfor the transport block in the PDSQH for the SPS
PDSCH release

A UE does not expect to detect a DCI format switclamy- BWP within N, symbols prior to a first symbol of a
PUCCH transmissiowhere the UE multiplexes HARACK information where N, is defined inClause9.2.3.

If a UE is providedil-DataToUL-ACK, the UE doesnot expectto be indicated by DCI format 1 _&slot timing value
for transmission of HAREACK information that does not belong to timéersection of the set of slot timing values {1,
2,3,4,5, 6, 7, 8} and the set of slohiing values provided bgl-DataToUL-ACK for the active DL BWP of a
corresponding serving cell

If an occasion for a candidate PDSCH reception can be in respoa&D6GCH with DCI format 1_and if
maxNrofCodeWordsScheduledByD@icatesreception otwo transport blockswhenthe UE receivea PDSCH with
one transport blockhe HARQ-ACK informationis associated with the first transport blcakd theUE generatea
NACK for the second transport blockhrg-ACK-SpatialBundlingPUCCHSs notprovidedand generateHARQ-ACK
information withvalueof ACK for the secondransport blockf harqcACK-SpatialBundlingPUCCHs provided

A UE determine aoACK, alACK,...,asfcli_l HARQ-ACK information bits for a total number 06,., HARQ-ACK

information bits,of a HARQACK codebookfor transmission in a PUCCEkcordingto the following pseudaode.In
the following pseudaode, f the UE does not receive a transport blocla CBG due to the UE not detectirsg
correspondindCl format1_0 or DCI format 1_Jthe UE generates a NACK value for the transport btwake CBG
Thecardinality of the seM , . defines a totahumberM . of occasiongor PDSCH reception or SPS PDSCH release

for serving cellc corresponding to the HAR@CK information bits

Set ¢=0 i servingcell index: lowetindexescorrespondo lower RRCindexesof corresponding cedlincluding, when
applicable, cells ithe sety and the setY

Set j =0- HARQ-ACK informationbit index

Set N2

cells

to the number a$ervingcells configured by higher layers for the UE

DL
cells

while c<N
Setm=0 i index of occasion for candidate PDSCH receptio®PS PDSCH release
while m< M,
if harq-ACK-SpatialBundlingPUCCHs notprovided PDSCHCodeBlockGroupTransmissias not
provided and the UE is configureloly maxNrofCodeWordsScheduledByDGth reception oftwo
transport block$or the active DL BWP o$erving cellc,

6]‘ACK = HARQ-ACK information bit comresponding to &irst transport bloclof this cell
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Release 16
j=]+1

ajACK = HARQ-ACK informationbit corresponding to secondransport bloclof this cell

=i+

elseifharq-ACK-SpatialBundlingPUCCHis provided and the UE is configurelly
maxNrofCodeWordsScheduledByD/Gih reception oftwo transport block$or the active DL BWP of
serving cellc,

GIACK = binary AND operation of the HRQ-ACK informationbits corresponding to first arsgtcond
transport blocks of this cellif the UE receives amtransport block, the UE assumes ACK for the
second transport block

j=i+1
elseifPDSCHCodeBlockGroupTransmissias provided and N ano acke CBGsareindicated by
maxCodeBlockGroupsPerTransportBldok serving cellc,

Set Ncgs = 0 - CBG index

. CBG/TB,max
while Negg < Nparo Ackc

61'/1(':1286
if the UE is configuredby maxNrofCodeWordsScheduledByD@ih reception otwo transport
blocksfor the active DL BWP o$erving cellc

= HARQ-ACK informationbit corresponding to CBG.z; of the first transport block

0 asremex = HARQ-ACK informationbit corresponding to CBGiess of the second

1*ncee +*Nyarg Ack ¢

transport block;
end if
Nege = Negs +1;
end while

=]+ Ng . ONGRRaAer < » Where Ny is the value ofmaxNrofCodeWordsScheduledByiai the

activeDL BWP of serving cellc;
else
0/™ = HARQ-ACK informationbit of servingcell c;
j=i+L
end if
m=m+1;
endwhile
c=c+l;

end while
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If Opck +Osg +Ocg ¢ 11, the UE determines a number of HARKEK information bits ny,,go ack fOr Obtaining a

N 1M -1 N 1M -1
transmission power for a PUCCH, as describe@liuse?.2.1,as Nyroack = @ @ Nie o+ & & Npre "o *®e
c=0 m=0 c=0 m=0
where
- Npe"*isthe number ofransport blockshe UEreceivesn PDSCHreceptionoccasionm for servingcell ¢ if

harg-ACK-SpatialBundlingPUCCHindPDSCHCodeBlockGroupTransmissi@menot providedor the number
of transport blocks the UE receivesHRDSCHreceptionoccasionm for servingcell ¢ if PDSCH
CodeBlockGroupTransmissias provided and the PDSCH reception is scheduled by a DCI formaoithe,
number ofPDSCHreceptios if harqACK-SpatialBundlingPUCCHis provided or SPS PDSCH reledre
PDSCH receptiomccasionm for servingcell ¢ and the UE reports corresponding HARQK information in
the PUCCH

- Nreeve®BS s the number oCBGs the UEreceivesn a PDSCHeceptionoccasionm for servingeell ¢ if

PDSCHCodeBlockGroupTransmissias provided and the PDSCH reception is scheduled by a @@lat 1 1
and the UE reports corresponding HARQK information in the PUCCH

9.1.2.2 Type-1 HARQ-ACK codebook in physical uplink shared channel

If a UEwould multiplex HARQ-ACK informationin aPUSCH transmission that is not scheduled by afofhat or is
scheduled by DCI format 0, then

- if the UE has not received any BIQH or SPS PDSCH releattmat theUE transmits corresponding HARSCK
informationin the PUSCH, based oravalue of a respectivieDSCHto-HARQ_feedback timingndicatorfield
in a DCI format scheduling the PDSCH reception or the SPS PDSCH releais¢he value ofil-DataToUL-
ACKif the PDSCHto-HARQ_feedback timingndicatorfield is not present in the DCI forma any of theM,

occasiongor candidatePDSCH receptiosiby DCI format 1_0 or DCI format 1_dr SPS PDSClén any
serving cellc, as described i€laused.1.2.1 the UE does not multipledARQ-ACK informationin the
PUSCH transmission;

- elsethe UEgenerates the HAR@CK codebook as described @lause9.1.2.1 except thaharg-ACK-
SpatialBundlingPUCCHs replaced byarg-ACK-SpatialBundlingPUSH, unless the UE receivesly a SPS
PDSCH releaser only SPS PDSCH receptioor,only a PDSCHhat isscheduledy DCI format 1_0 with a
counterDAI field value of 1on the PCell irthe M, occasions for candidate PDSCH receptionwhich casehe

UE generateBlARQ-ACK information only for thesPS PDSCH release or only for tABSCHreceptionas
described irClause9.1.2

A UE sets to NACK value in the HARACK codebook any HAREACK information corresponding to PDSCH
reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasitamtthéfter a PDCCH
monitoring occasion where the UE detects a DCI &iréh O or a DCI format 0_1 scheduling the PUSCH transmission.

A UE does not expect to detect a DCI format switckilmg. BWP within N, symbols prior to a first symbol of a
PUSCH transmissionvhere the UE multiplexes HAR@CK information, whereN, is definedin [6, TS 38.214].

If a UEmultiplexesHARQ-ACK informationin aPUSCH transmission that is scheduled by DCI format thelUE
generates the HAR@CK codebook as described @laused.1.2.1when a value of the DA fielth DCI format0_1lis
VYo, =1 except thahargq-ACK-SpatialBundlingPUCCHss replaced byarg-ACK-SpatialBundlingPUSH. The UE

does not generate a HARQCK codebook for multiplexing in the PUSCH transmission wigt},,, =0 unless the

UE receives only &PS PDSCH releaser onlya SPS PDSCHor only a PDSCHbhat isscheduledy DCI format 1_0
with acounterDAI field value of 1on the PCelin the M, occasions for candidate PDSCH receptimnghich casehe
UE generateBlARQ-ACK information only for theSPS PDSCH release or only for ABBSCHreceptionas described
in Clause9.1.2 VY, =0 if the DAI field in DCI format 0_lis set td0'"; otherwise, V"%, =1.

T- DAI

9.1.3 Type-2 HARQ-ACK codebook determination

This clauseapplies if the UE is configured withdschRHARQACK-Codebook= dynanic or with pdschRHARQACK-
Codebook =enhancedDynamicl6. Unless stated otherwise PDSCHto-HARQ feedbak timing indicator field
provides an applicable value.
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If a UE receives a first PDSCstheduled by first DCI formatthat the UE detects in a first PDCQ@hbnitoring
occasion and includesPDSCHto-HARQ_feedback timingndicatorfield providing an inapplicablgalue fromdl-
DataToUL-ACK,

- if the UE detects a second DCI formtite UE multiplexes the corresponding HARSLK information in a
PUCCH or PUSCHrainsmission in a slot that is indicated by a value BD&CHto-HARQ_feedbak timing
indicator field inthesecond DCI format, where

- if the UE is not providegpdschHARQACK-Codebook =enhancedDynamicl6, the UE detectthe second
DCI formatin any PDCCH monitoring occasion after the first one

- if the UE is providegpdschkHARQACK-Codebook =enhancedDynamicl6, theUE detectghe second DCI
format in any PDCCH monitoring occasion after the first,@mal thesecond DCFormat indicatea HARGQ-
ACK information report for a same PDSCH group index as indicated by the first DCI fasndasscribed in
Clause 9.1.3.3

- if the UE isprovidedpdschHARQACK-OneShotFeedbaald 6, the UE detectthe second DCI formanh
any PDCCH ronitoring occasion after the first grendthe second DCI formamncludes a Onshot HARQ
ACK request fieldwith value 1the UE includes the HAR@CK information in a Type3 HARQ-ACK
codebook, as described@aused.1.4

- otherwise the UE does nanultiplexthe corresponding HAR®@CK informationin a PUCCH or PUSCH
transmission

9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel

A UE determines monitoring occasidias PDCCH with DCI formascheduling PDSCH receptions or SPS PDSCH
release on an active DL BWP ofarvingcell C, as described i€lausel0.1,and for which the UE transmits HARQ
ACK informationin a same PUCCHh slot N based on

- PDSCHto-HARQ_feedback timingndicator fieldvaluesfor PUCCH transmission with HAR@CK
information in slotn in response to PDSCH receptions or SPS PDSCH release

- slot offsetskK, [6, TS 38.214 provided by tine domain resource assignmeretdiin a DCI format schedulig
PDSCH receptions or SPS PDSCH reksnd bypdschAggregationFactorwhen provided.

The set of PDCCH monitoring occasidios a DCI format scheduling PDSCH receptions or SPS PDSCH release
defined as the union of PDCCH monitoring occasions a@osse DL BWPs ofonfiguredservingcells PDCCH
monitoring occasionarefirst indexed in a ascendingrder acrosserving cells indexefor a same start time of search
spacesetsassociatedvith DCI formats schedulin@DSCH receptions or SPS PDSCH releas¢he serving cellgnd
are then indexed in an ascending omfestart tims of thesearch spacgets For indexing within a serving cell for a
same start time of search space setbeilUE isnot providedCORESETPoolIndear is providedCORESETPoollndex
with value O forone or mordirst CORESETsnd is provideCORESETPoollndewith valuel for one or more second
CORESET®n an active DL BWP of a serving cell, ais¢providedACKNACKFeedbackMode JointFeedbackor the
active UL BWR PDCCH monitoring occasions for the first CORESETS are indexed prior to PDCCH monitoring
occasions for the second CORESETRBecardinality ofthe set of PDCCH monitoring occasions defines a taiadber

M of PDCCH monitoring occasions.

A value of thecounterdownlink assignmentndicator (DAl)field in DCI formas denotes the accumulative number of
{serving cell, PDCCH monitoringoccasioh-pair(s) in whichPDSCH receptiorgf or SPS PDSCH releasssociated
with the DCI formasis presentip tothecurrentserving cell anaturrentPDCCH monitoringoccasionfirst in
ascendingrder of serving cell index and thendacendingrder ofPDCCHmonitoringoccasiorindex m, where

0¢tm<M.

The value of the total DAlWwhen present [5, TS 38.212),a DCI formatdenotes théotal number ofserving cell,
PDCCH monitoringpccasiof-pair(s) in which PDSCHeceptiorfs) or SPS PDSCH releasssociated witiDCl
formafsis presentup to thecurrentPDCCH monitoringpccasionm andis updated fromPDCCH monitoringpccasion
to PDCCH monitoringbccasion

Denote by * 51 $he number of bits for the counter DAl and 'S¢t ¢ ®s )Denoteby VC[?"DA,,C,m the value of the
counter DAl ina DCI formatscheduling?DSCHreception or SPS PDSCH releaseservingcell C in PDCCH
monitoring occasiorN according toTable9.1.31 or Table 9.1.3LA. Denoteby VT'?BALm the value of the total DAh
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aDCI formatin PDCCH monitoring occasiofll according to Tabl®.1.31. The UE assuns@& same value of total
DAl in all DCI formasthat include a total DAI fielin PDCCH monitoring occasiofil.

If the UE transmits HAREACK informationin a PUCCHIn slot N and for anyPUCCH formatthe UE determingthe

50ACK, QACK,---,agACC}f(_l, for a total number 00, HARQ-ACK information bits,accordingto the following pseudo

code:

Setm=0 i PDCCH with DCI formascheduling PDSCleceptionor SPS PDSCH releaseonitoring occasion
index: lower index corresponds to earlRIDCCH monitoring occasion

Set ] =0
SetVigm, =0
SetVne =0

SetV, =A

Set NCDehS to the number ofervingcells configured by higher layers for the UE

- if, for an active DL BWP of a serving cethe UE is not provide€@ORESETPoolIndear is provided
CORESETPoolIndewith value 0 for one or more first CORESETSs and is provid&RESEPoolIndexwith
value 1 for one or more second CORESETS, and is proA@&NACKFeedbackMode = JointFeedbattie
serving cell is counted two times whehe first time corresponds to the first CORESETs and the second time
corresponds to the second CORESETs

Set M to the number oPDCCH monitoring occasion(s)

while m<M

Set ¢=0 i serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

while c< N2%.

if PDCCH monitoring occasioff is before an active DL BWP change on serving €ethr an active UL
BWP change on the PCell and an active DL BWP change is not triggered in PDCCH monitoring dfcasion

c=c+l1.
else

if there is a PDSCH on serving cdll associated with PDCCH iRDCCH monitoriig occasionM, or
there is a PDCCH indicating SP®SCHrelease on serving ce

if VCD-IbAI,c,m ¢Vtemp
j=j+1
end if

V,

—\/DL
1emp_VC— DAl,c,m
DL —
if VT- DAI,m — A
—\,/DL
Vtem;ﬂ =V,

C- DAl,c,m

else
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— DL
\/tempz _VT- DAI,m
end if

if hargq-ACK-SpatialBundlingPUCCHs not providecandthe UE is configurethy
maxNrofCodeWordsScheduledByDwGth reception oftwo transport blockfor at least one
configuredDL BWP of at least onserving cell,

€y 4 . = HARQ-ACK informationbit corresponding to the firstansport bloclof

this cell

¢ . . = HARQ-ACK informationbit corresponding to theecondransport

block of this cell
® o ¢tYiQ ¢ Phain P ACEYIQ ¢ WPhair P P

elseifharg-ACK-SpatialBundlingPUCCHs providedto the UEand M is a monitoring occasion for
PDCCHwith aDCI formatthat supports PDSCH reception with two transport bl@gsidthe UE is
configuredby maxNrofCodeWordsScheduledByDv@th reception otwo transport blocks in at least
one configuredL BWP of aserving cell,

%y an = binary AND operation of the HAR@CK informationbits corresponding to
the first and seconulansport blockef this cell
® ® YTQ &PHapr P
else
£ . —— HARQ-ACK informationbit of this cell
® o YTQ Phapr P
end if
end if
c=c+l
end if
end while
m=m+1
end while

if Vtem;Q <V

temp

j=i+1
end if
if harq-rACK-SpatialBundlingPUCCHis not providedo the UEandthe UE is configuredy
maxNrofCodeWordsScheduledByD/@ith reception ofwo transport block$or at least one configurddL BWP of
aserving cell,

0 ¢t 'YiQ o

else

0 YiQ o
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end if

~ACK -7 ACK

G =NACK foranyii {04....0%*- v,
Set =0

DL
while €< Neelis

if a singleSPS PDSCHeceptionis activated for a UE and the UE is configured to receive SPS Pxs&Hslot
n- K, for serving cellC, where K, . is the PDSCHo-HARQ-feedback timing value for SPS PDSCH on

serving cellC
OACK - OACK +1

0l ,= HARQ-ACK informationbit associated witthe SPS PDSCH reception

end if
c=c+l;
end while

If multiple SPS PDSCH receptions are activated for a UE and the UE multiplexes correspondingAdARQ
information in the PUCCH in slat, the UE generates the HARGCK information as described i@laused.1.2 and

appends it to th®©”““ HARQ-ACK information hts.

Fora PDCCHmonitoring occasion with DCI formatcheduling PDSClieception or SPS PDSCH releasé¢he active
DL BWP of aserving cell whena UE receives a PDSCH withne transport blocknd the value of
maxNrofCodeWordsScheduledByD€EP, the HARQ-ACK informationis associated with the first transport block and
the UE generatea NACK for the second transport blockhiéirg-ACK-SpatialBundlingPUCCHs not providedand
generate HARQ-ACK information withvalueof ACK for the secondransport blockf harg-ACK-
SpatialBundlingPUCCHs provided

If a UE is not provided?PDSCHCodeBlockGroupTransmissidar each otthe Ncihs serving cells, or for PDSCH

receptions scheduled laDCI formatthat does not support CBiased PDSCH receptions for SPS PDSCH
reception, or for SPS PDSCH release, an@,jf, +Og + O ¢ 11, the UE determines a number of HARKTK

information bitsNyarg-ack for obtaining a ansmission power for a PUCCH, as describedlause7.2.1,as

S, BAAI®  GOAAAE

$. .
. . y %, A Lo v g A
E(rozmu+ E(r2ms+har Qf!h)iAOOBA "%!)Fﬂe Qy 077 p 3 0f3

where

- if N2 =1, V[)D,jmas is the valueof the counter DAL irthe lastDCI formatscheduling PDSClHecepion or

cells
indicating SPDSCHrelease foanyservingcell C that the UE detects wittithe M PDCCH monitoring
occasims
- if N2 >1
- if the UE does not detect any DCI forntlat includes a total DAI fielth a last PDCCH monitoring

occasiorwithin the M PDCCH monitoring occasiswhere the UE detects at least one DCI format
scheduling PDSCliecepion or indicating SP®DSCHrelease foanyservingcell C, vB-  is the value

DAl Mg
of the counter DAI ira lastDCI formatthe UE detects in the last PDCCH monitoring occasion

- if the UE detects at least one DCI forntfzdt includes a total DAI fielth a last PDCCH monitoring occasion
within the M PDCCH monitoring occasiswhere the UE detects at least one DCI foraziteduling
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PDSCHrecepion or indicating SP®DSCHreleasdor anyservingcell C, V&lm“ is the valueof the total
DAl in theatleastoneDCI formatthat includes a total DAfield

- Vouim,, =0 if the UE does not detect aBCl formatscheduling PDSChiecepion or indicating SP®DSCH

release fomnyservingcell C in any of theM PDCCH monitoring occasian

- Uppc is thetotal number o DCI formatscheduling PDSCliecepion or indicatig SPSPDSCHreleasehat

the UE detectwithin the M PDCCH monitoring occasiarfor serving cellC. Upy . = 0 if the UE does not

detectany DCI formatscheduling PDSClecepion or indicating SP®DSCHrelease foservingcell C in any
of the M PDCCHmonitoring occasios

- Np e =2 if the value oimaxNrofCodeWordsScheduledByDER for anyserving cellC andharg-ACK-
SpatialBundlingPUCCHs not providedptherwise, Ny o =1.

- NeV*dis the number ofransport blockshe UE receivesm a PDSCH scheduled ®DCI formatthat the UE

detectsn PDCCH monitoring occasiofill for servingcell C if hargcACK-SpatialBundlingPUCCHs not
provided orthe number oPDSCH scheduled byDCI formatthat the UE detecis PDCCH monitoring
occasionM for servingcell C if harqcACK-SpatialBundlingPUCCHs provided orthe number oDCI format
that the UE detects and indicate SPS PDSCH reladBCCH monitoring occasiofif for servingcell C.

- Ngpg is the number of SPS PDSCH receptions bylitBeon servingcell C for which the UE transmits

corresponding HAREACK information in thesame PUCCHs for HARQACK information corresponding to
PDSCH receptions within th! PDCCH monitoring occasien

If a UE

- is providedPDSCHCodeBlockGroupTransmissidar N;thG serving cellsand

- is not provided®DSCHCodeBlockGroupTransmissipfor NCZh’STB serving cells where

DL, TB DL,CBG _ DL
Ncells + Ncells - Ncells

the UE determingthe 0, ™, 6/*™....0J% | accordingto the previous pseuetde with the following modifications

NDL

cells

is usedfor the deérmination of a first HARQACK sub-codebookfor

SPS PDSCH release

SPS PDSCH reception,

DCI format 1_lindicatingSCell dormancyand

for TB-based PDSCH receptions the N2y ®® servingcells and orthe N2i.'® servingcells

- Nc'ihs is replaced bchDeh'ScBG for the determination of a second HARKZK sub-codebook corresponding to

the NCE;'H’SCBG serving cellfor CBG-based PDSCH receptigrend
- if, for an active DL BWP of a serving cethe UE is not provide@ORESETPoollndear is provided
CORESETBolIndexwith value 0 for one or more first CORESETSs and is provid@RESETPoollndewith
value 1 for one or more second CORESETS, and is proA@&INACKFeedbackMode = JointFeedbattie
serving cell is counted as two timakerethe first timecorresponds to the first CORESETSs and the second time
corresponds to the second CORESHirsl
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- insteadbf generating one HAR@CK information bit per transport block for a serving cell from the
Neis ®° serving cells, the UE generat®ines reemx HARQ-ACK information bits where

Niano e iS the maximum value oNpr . ONSRs0 e, across allN s °® serving cellsand Ny, is

the value ofmaxNrofCodeWordsScheduledByOod serving cellC. If for a serving cellC it is

N . N are Atk c < Nano. Atk max » the UE generates NACK for the last

Niro acemex = Nioe NGaro Ak HARQ-ACK information bits for serving celC

- thepseudecode operatiomhenhargq-ACK-SpatialBundlingPUCCHs providedis not applicable
- Thecounter DAI value and the total DAI value apply separately for each HARR sub-codebook

- The UE generates the HARQCK codebook by appending the second HARQK sub-codebook to the first
HARQ-ACK sub-codebook

If Opex +Osr +Ocg €11, the UE also determing8argack = Miarg-ack, 8 T Muargack cec for obtaining a
PUCCH transmission power, as describe@liause7.2.1,with

DL, CBG
» CBG/ TB, ma ?Igu T

& DL cells RNEBG & & eceived, CBG
EHARGCK, CBG WAR | 4B SR €Y O5arRmcK, ma Uk

where

- if Ngyis=1, Vo m., is the valueof the counter DAL irthe lastDCI formatschedulingCBG-basedPDSCH

recepion for anyservingcell C that the UE detects withthe M PDCCH monitoring occasits

- if N2>1, Viou . is the valueof the totalDAI in the lastDCI formatschedulingCBG-based®DSCH

DAlrmasl
recepion for anyservingcell C that the UE detects wiilnthe M PDCCH monitoring occasits

- VDDAL,mag =0 if the UE does not detect aBCl formatschedulingCBG-based®DSCHrecepion for any

servingcell C in any of theM PDCCH monitoring occasian

- ugfffc is thetotal number oDCI formas schedulingCBG-based®DSCHrecepions that the UE detects

within the M PDCCH monitoring occasiafor serving cellC. USEEC =0 if the UE does not deteany

DCI formatschedulingCBG-basedPDSCHrecepion for servingcell C in any of theM PDCCH
monitoring occasios

receivedCBG
N m,c

is the number o€BGsthe UEreceivesn a PDSCH scheduled layDCI formatthat supports

CBG-based PDSCl#eceptionthat the UE detectis PDCCH monitoring occasiom for servingcell C and
the UE reports corresponding HARELK information in the PUCCH

Table 9.1.3-1: Value of counter DAI for Js}'s 1y and of total DAI

DAI Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
VP or VDBt PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB C- DAl T- DA i )
SPS PDSCH release is present, denotedas Y and Y21
0,0 1 O pUeEY p p
0,1 2 O paéY p ¢
1.0 3 O paéY p o
11 4 O paEY p 1
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Table 9.1.3-1A: Value of counter DAl for 4% ¢,

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI VCD_LDAI PDSCH transmission(s) associated with PDCCH or PDCCH indicating
SPS PDSCH release is present, denoted as Y and Y21
0 1 W paeétY p p
1 2 O paélyY p ¢
9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel

If a UE would multiplex HARQ-ACK informationin aPUSCHtransmission thas not scheduled by a DCI format or is
scheduled by DCI formatthat does not include a DAI fielthen

- if the UE has not received any PDCCH within thenitoring occasionfor DCI formas scheduling PDSCH
receptionsor SPSPDSCHreleaseor DCI forma 1_1lindicatingSCell dormancyn any serving cetband the
UE does not have HAR@CK information in response @SPS PDSCHeception or in response to a detection
of aDCI format 1_1lindicatingSCell dormancyto multiplex in the PUSCHas described iGlaused.1.3.1 the
UE does not multiplexIARQ-ACK informationin the PUSCH transmission;

- else,the UEgenerates the HAR@CK codebookas described i€laused.1.3.] except thaharq-ACK-
SpatialBundlingPUCCHis replaced byargq-ACK-SpatialBundlingPUSH.

If a UEmultiplexesHARQ-ACK informationin aPUSCH transmission that$gheduled by DCI format 0, the UE
generates the HAR@CK codebookas described i€laused.1.3.1 with the following modifications:

- Forthe pseudeaode for theHARQ-ACK codebookgeneratiorin Clause9.1.3.1 after the completion of the
and M loops,the UE sets/;g =Vya WhereV_ A is the value of the DAfield in DCI format0_1according to
Table9.1.32

- For the case of first and second HARZK sub-codebooksDCI format 0_1 includes a first DAI field
corresponding tthe first HARQACK sub-codebook and a secoihl field corresponding tahe second
HARQ-ACK subcodebook

- harqACK-SpatialBundlingPUCCHs replaced byargq-ACK-SpatialBundlingPUSH.

If a UE is not provided®DSCHCodeBlockGroupTransmissi@nd the UHs scheduled foa PUSCH transmission by
DCI format 0_1 withDAI field value V;,, =4 and the UE has noéceived any PDCCH within theonitoring

occasiongor PDCCH with DCI formatL_0 or DCI format 1_1 for scheduling PDSCH receptions or BBPSCH
release on any serving caland the UE does not have HARKLK information in response ®SPS PDSCH
reception to multiplex in the PUSCIds described i€laused.1.3.1 the UE does not multipledARQ-ACK
informationin the PUSCH transmission.

If a UE is providedPDSCHCodeBlockGroupTransmissi@md the UE is scheduled faPUSCH transmissiohy DCI
format 0_1 with first DAI field value/;’;,, =4 or with secondAl field value V,’¢,, =4 and the UE has not received
any PDCCH within thenonitoring occasionfr PDCCH with DCI formatl_0 or with DCI format 1_1, respectively,
for scheduling PDSCH receptions or SP3SCH releaseor DCI format 1_1lindicatingSCell dormancyon any

serving cellband the UE does not have HARKEK information in response ®SPS PDSCHeception to multiplex

in the PUSCHas described i€lause9.1.3.1, the UE does not multiplélARQ-ACK informationfor the first sub
codebook or for the second sabdebook, respectivelin the PUSCH transmission.

3GPP



Release 16 67 3GPP TS 38.213 V16.1.0 (2020-03)

Table 9.1.3-2: Value of DAl in DCI format 0_1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI UL PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB Vi pa SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
present, denoted as X and X 21
0,0 1 (X - 1)mod4+1=1
01 2 (X-1)mod4+1=2
1,0 3 (X-1)mod4+1=3
11 4 (X-1)mod4+1=4
9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission

If a UEis providedpdschHARQACK-Codebook =enhancedDynamicl6, the UE detrmines HARQACK
information formultiplexing in a PUCCHtransmission occasion according to the following procedure.

Set"Qto the vale of a PDSCHyroupindexfield in a DCI format If the DCI format schedules PDSCH reception and
does not include a PDSGitoupindexfield, set'Q Tt

Set'Q'Q to denotea PUCCH transmission occasifor multiplexingHARQ-ACK information

SetCto the value of #DSCHto-HARQ _feedback timig field, if any,in aDCI formatproviding a value ofQ If the
DCI format does not includeRDSCHto-HARQ _feedback tintig field, set Qto the value provided bgi-DataToUL-
ACK

Set’Q"Q to the value of dirst New_Feedbackndicatorfield, if any,in aDCI formatproviding a value ofQ

SetQ "Q to avalue of a secondew_Feedbackndicatorfield, if any,in aDCI formatproviding a value ofQ

Set® to the value of a total DA fieltbr group "Q p & € § if any,in aDCI formatproviding a value ofQ
Setr) to the value of aumber of requested PDSCH grougis)d, if any

Generatdirst HARQ-ACK informationfor PUCCH transmission occasid®Q in a slot,as ascribed inClaused.1.3.1
where

- the firstHARQ-ACK information corresponds only to detections of DCI formats each providing a same value of

"Qof 'QQ, if any, and at least @nof the DCI formats providing a value ®indicating the slot

- at least one of the DCI formats provide®&2 value

- & Tcorresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value

of "Q that isthe first PDCCH monitoring occasi@iter a PDCCH monitoring occasion where the UE detects
another DCI format that provides a value diffardranQ"Q

If Q Q norQ Q QQ pa¢ g, generatssecondHARQ-ACK informationfor PUCCH
transmission occasic2 "Q p & € § in a slot,as dscribed ilClaused.1.3.1 where

- the secontHARQ-ACK information corresponds to detamsts of DCI formats each providing a same value of
Q paeQof QQ pac,ifany

- atleast one of the DCI formats providé®aQ p & € § value

- & Tmcorresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that proealdes a
of "Q p & ¢ § that isthe first PDCCH monitoring occasi@iter a PDCCH monitoring occasion where the
UE detects another DCI format that provides a value different@d@ p a €

- thePUCCH transmission occasit®™Q p a €  is a last ondéor multiplexing second HAREACK
information and it is not after PUCCH transmission occa¥i{n

- ifw n, after the completion of th@andé loopsfor the pseudaode for the second ARQ-ACK
codebookgeneratiorin Clause9.1.3.1,setw W for both subcodebooksif any.
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If "Q "Q 1 andQ Q Q0O paé Q, generatesecondHARQ-ACK information as described
in Clause9.1.3.1 by settingm g mfor all wand allaé and,after the completion of th@andd loopsfor the
pseudecode for the secondARQ-ACK codebookgeneratiorin Claused.1.3.1 settingw @

Ifp 1 the UE

includesonly thefirst HARQ-ACK information for multipexing inPUCCH transmission occasi&iQ
elsefn p
ifg=1

appendshefirst HARQ-ACK informationto the secontHARQ-ACK informationfor multiplexing inPUCCH
transmission occasiof’Q

else

appendhesecondHARQ-ACK informationto the firstHARQ-ACK informationfor multiplexing inPUCCH
transmission occasictyQ

end if
end if
If the HARQ-ACK information is multiplexed in a PUSCH transmissitre HARQACK information is determined as

- for multiplexingin PUCCH transmission occasidQ, if the PUSCH transmission is not scheduled by a DCI
format or is scheduled by a DCI format that does not include a DCI field with walue

- for multiplexingin PUCCH transmission occasidQ, if the PUSCH trasmission is scheduled by a DCI
formatwithout UL-TotalDAKIncludedrl6 configuredexcept that foPDSCH groupQthe DCI field with value
& in the DCI format is usedfter the completion of théandé loopsfor the pseudaode for theHARQ-
ACK codeboolgeneratiorin Claused.1.3.1 and when the HARECK informationmultiplexed in thePUCCH
transmission occasiof@Q does not includ&lARQ-ACK informationfor PDSCHgroup "Q p & ¢

- for multiplexingin PUCCH transmission occasid®Q, if the PUSCH transmission is scheduled by a DCI
formatwithout UL-TotalDAI-Includedr16 configuredexcept thator PDSCH groupQ T, the DCI field with
value® in the DCI format is usedfter the completion of théxandd loopsfor the pseudeode for the
HARQ-ACK codebookgeneratiorin Claused.1.3.1 and when the HAREACK informationmultiplexed in the
PUCCH transmission occasi@Q includes HARQ-ACK informationfor PDSCHgrous™Qand "Q p & ¢ @

- for multiplexingin PUCCH transmission occasi&Q, if the PUSCH transmission is scheduled by a DCI
formatwithout UL-TotalDAIIncludedrl16 configuredexcept thator PDSCH groupQ T, the DCI field with

vaIueVDUALI in the DCI format is usedfter the completion of th@andd loopsfor the pseudaode for the

HARQ-ACK codebookgeneratiorin Clause 9.1.3.1, and when the UE hasdwiected any DCI format
scheduling PDSCH receptigrendthe UE has nadetected any DCI formatith a request foHARQ-ACK
information for any PDSCH group

- for multiplexingin PUCCH transmission occasi&®Q, if the PUSCH transmission is scheduled by a DCI
formatwith UL-TotalDAI-Includedrl16 configuredexcept thaMSBs ofthe DCI field with valuen in the
DCI format areusedfor PDSCH groupQ 1, and LSBs oDCI field with value®w in the DCI format are
usedfor PDSCH groupQ p, after the completion of th@andé loopsfor the pseud@ode for theHARQ-
ACK codebook generation inl@ise 9.1.3.1

If a UE is scheduled a PUSCH ttiamission by DCI format 0_1 havindgDl field value o T for a PDSCH group
index, and thé&JE has not detected any DCI fornsaheduling PDSCH receptions fine PDSCH groupndex, andthe
UE has not detected any DCI fornweith a request foHARQ-ACK informationfor the PDSCH groupndex, the UE
does not multiplex HAREACK information in the RSCH transmission fahe PDSCH groupndex.

If a UE detects DCI formats with respectik®SCHto-HARQ_feedback timmg field values indicating a same PUCCH
transmission occasicand none of the DCI formatkat the UE detects after astsPUCCHtransmissia occasion for
"Q mincludes aNew_Feedbachndicatorfield for "Q 711, and at least one of the DCI formati€l format 1_Q the
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UE generates HARQ@CK informationonly for PDSCH receptions scheduled by detections of DCI fotm@tas
described irClause9.1.3.1 019.1.3.2for multiplexing in the PUCCH transmission occasion.

For PUCCH transmission occasi@Q, the UE determines a PUCCH or a PUSCH transmigsionultiplex the
HARQ-ACK information according to the proceduresdlaused.2.5.

9.1.4  Type-3 HARQ-ACK codebook determination

If a UEis providedpdschRHARQACK-OneShotFeedbaald 6, the UE de¢rmines a Typ& HARQ-ACK codebook
according to the following procedure.

Setd  to the number oervingcells
Set0 i to thevalue ofnrofHARQProcessesForPDSCFor serving celky if provided; else, sat P

Setd j to thevalue ofmaxNrofCodeWordsScheduledBydad serving celkoif harq-ACK-SpatialBundlingPUCCH
is not provided; else, sét ; p

Set0 h i to the number oHARQ-ACK information bits per TB for PDSCH receptions on serving ©el

described irClause9.1.1 ifmaxCodeBlockGroupsPerTransportBldskprovidedfor serving celoandpdschHARQ

ACK-OneShotFeedbackCBG6 is provided else, seb 7 " g

7

Set) OO 1if pdscAHARQACK-OneShotFeedbackNBL6 is provided; elssetl ‘O 'O p
Set® TIi serving cell inex
Set’Q 11 HARQ process humber
Seto Ti TBindex
Set"Q mi CBGindex
SetQ m
while
while'Q 0 i
if 0 OO T
o T om
whiled 0

whileQ o 7 " .

ajACK = HARQ-ACK information bit for CBG'Qof TB o for HARQ process numbéRof
serving cell®d
T Qop
00 p
end while

ajACK = NDI valueindicatedin the DCIformatcorresponding to the HAR®@CK information

bit(s) for TB dfor HARQ process numbéRon serving celi if any; else,ajACK =0

S
N Qop
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0 0 p
end while
else
whiled 0
6J-ACK = HARQ-ACK information bit for TBofor HARQ proces&Qof serving celii
Q0 p
ajACK = NDI valueindicatedin the DCIformatcorresponding to the HARACK information
bit(s) for TB 6 for HARQ process numbé&®on serving cell if any; else,ajACK -0
0 Q p
0 0 p
end while
end if
o0 7
else
o 7" om
whiled 0

if UE has reportetHARQ-ACK informationfor TB ofor HARQ process numbéRon serving cell
« andhasnot subsequently detected a DCI format scheduling a PDSCH reception, or received
a SPS PDSCH, witfB ofor HARQ process numbéRon serving celto

whie@ o 7" .
8/ = NACK
M Qop
9 0 p

end while

end if

if UE hasobtained HARGACK information forTB dfor HARQ process numbéRon serving cell
ccorresponding to a PDSCH receptiami has not reported the HARGCK information
corresponding to the PDSCH reception

while@ ¢ 7 " .
0,"““ = HARQ-ACK information bit for CBGQof TB dfor HARQ process numbéRof
serving cell®d
T Qp
Q Q p

end while
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end if
QT
0 0 p
end while
else
whileo 0

if UE has reportetHARQ-ACK informationfor TB 6for HARQ process numbé&Ron serving cell
wandhasnotsubsequently detected a DCI format scheduiRfpSCHreception, or received
a SPS PDSCH, witliB 6for HARQ process numbé®on serving celko

0, = NACK

T Qop

0O 0 p
end if

if UE hasobtained HARQACK information forTB ofor HARQ process numbénon serving cell
wcorresponding to a PDSCH receptiaml has not reported the HARSCK information
corresponding to the PDSCH reception

5J-ACK = HARQ-ACK information bit for TBofor HARQ proces&Qof serving celii

T Qop
0O 0 p
end if
end while
end if
0 m
end if
M Qo
end while
Q n
O O p
end while

If a UE receives a SPS PDSCH, or a PDSCH that is scheduled by a DCI format 1_0 for a sdruagdl
maxCodeBlockGroupsPerTransportBldskprovidedfor serving celly andpdschRHARQ-ACK-
OneShotFeedbackCBf6 is providedithe UErepeats) 7h i timesthe HARQ-ACK informationfor the
transport block in the PDSCH.

If the UE detects a DCI format that include®ae shot HARQACK requesfield with value 1, the UE determines a
PUCCH or a PUSCH to multiplex a Tyy3HARQ-ACK codebook for transmission in a slot as describedlanse

9.2.5. The UE multiplexes only the Ty3eHARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the
slot.
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9.2 UCI reporting in physical uplink control channel

UCI types reported in a PUCCH include HARXZK information SR,LRR, andCSI. UCI bits include HARQACK
information bits, if any, SR information Bjtif any, LRR information bit, if anyand CSI bits, if anyThe HARQACK
information bits correspond to a HARGCK codebook as described @laused.1. For the remaining of this clause,
any reference to SR is applicable for SR and/or for LRR.

A UE may transmit one or two PUCCHs on a serving cell in different siawtithin a slot. When the UE transmits
two PUCCHs in a slaand the UE is not providedlCKNACKFeedbackMode Separat€eedbackat least one of the
two PUCCHSs uses PUCCH format O or PUCCH format 2.

If a UE isprovidedACKNACKFeedbackMode Separatéeedbackthe UEmay transmitip to twoPUCCHswith
HARQ-ACK informationin different symbols within a slot.

In Clauses 9.2.3, 9.2.5.1 and 9.2.5&2UE assumes 11 CRC bits ihamber ofrespectivdJCI bits is larger than or
equal to 360; otherwis¢he UE deterimes a number of CRC bitesed on the number of respective UCI bits as
descriled in[5, TS 38.212]

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configurgiionjded byPUCCHResourceSeh PUCCH-Config,
aPUCCH resourcsetis providedby pucchResourc€ommorthroughan index to a row of Table 9.211for

transmission of HAREACK information on PUCCH in an initial UL BWBf N;izv\fp PRBs

The PUCCH resource set includes sixteen resources, each correspondiPid@cCal format, a first symbol, a duration,
a PRB offsetR%ﬁﬁi, and a cyclic shift index set for a PUCCH transmission.

The UE transmits a PUCCH using frequency hopjiimgt provideduselnterlacePUCCHCommonrl6; otherwisethe
UE transmits a PUCCH without frequency hopping

An orthogonal cover codsith index0 is used for #UCCH resource with PUCCH formairiTable 9.2.11.

The UE transmits the PUCCH using the same spatial domain transmission filtea &J8CH trasmissionscheduled
by a RAR UL grant as described@ause3.3.

If a UE is not providegpdschHARQACK-CodebooktheUE generates at most one HARXZK information bit.
If the UE provides HARGACK information in a PUCCH transmission in response to detecting a DCI format
scheduling a PDSCH receptiona SPS PDSCH relegate UE determinesRUCCH resourcwvith index loccp
é2("BICCEO U g . .

é—— Ut 2WM,,, Where N is anumber of CCEs im CORESET ba PDCCH

e "Ncce

0€roycen®15, as fpycen=

reception withthe DCI format,as described i€lausel0.1, N.¢, is the index of a first CCE for tHRDCCHreception,

and D, is avalue ofthe PUCCH resource indicatdield in the DCI format.

If &pucen/80=0 and a UE is provided a PUCCH resoubggpucchResourc€ommorand is not provided
uselnterlacePUCCHCommeni6

- the UE determines thBRBindex of the PUCCH transmission in the first hopREa + @pyccer/ Nestl @and the

PRB index of the PUCCH transmission in the second ho$f&.- 1- RES - &, <./ Ne<ll, Where N is
the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

- theUE determines the initial cyclic shift index in the set of initial cyclic shift indexes gg,;Mod Ng

If &puccer/80=1 and a UE is provided a PUCCH resoubgegpucdi-Resourc€ommorand is not provided
uselnterlacePUCCHCommani6
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- theUE determines thBRBindex of the PUCCH transmission in the first hop as
NSZe - 1- RBE®S - droyccy- 8)/Nesl and the PRB index of the PUCCH transmission in the second hop as

R ae; + drPUCCH_ 8)/ Ncsl:l
- theUE determines the initial cyclic shift index in the set of initial cyclic shift indexe(spg&H- 8)mod Nes

If aUE is provided #2UCCH resource bgucchResourceCommaand is providediselnterlagPUCCHCommom16

- the UE determinefor the PUCCH resourcaninterlace indexd asa@ &  Gpycdic Ol | & whered
is a number of interlacdd, TS38.211Jandd 'Y & EERAR interlace index offset andd R4S given in
Table 9.2.11

- the UE determines dnitial cyclic shift index in aset of initial cyclic shift indexes ag s « i ('I' B, ;wherel¢ g
is thetotal number of initial cyclic shifts indexestheset of initial cyclic shift indexem Table9.2.1-1

- if pucchResourceCommadndicates
- index 0: the first symbol is 9 for a PUCCH resource with PUCCH formaitgQ;if, 4 ( p 10
- index 1 or 2: the first symbol is 9 for a PUCCH resource with PUCCH formabQif » ( p L

- index 3, 7, or 11an orthogonal cover codeith index1 is used for #UCCH resource with PUCCH format
1 |f ‘lo 5##( p Tt

- the UE does natxpectpucchResourceCommao indicateindex 15

Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

PRB offset .

Index | PUCCH format | First symbol | Number of symbols RECES! %est ionfd'g)'(t('eil

1 0 12 2 0 {0, 4, 8}

2 0 12 2 3 {0, 4, 8}

4 1 10 4 0 {0, 3, 6, 9}

> 1 10 4 2 {0, 3, 6, 9}

6 1 10 4 4 (0,3,6,9)

7 1 4 10 0 {0, 6}

8 1 4 10 0 00,3,6,9

9 1 4 10 2 {0, 3, 6, 9}

10 1 4 10 4 {0, 3, 6, 9}

11 1 0 14 0 {0, 6}

12 1 0 14 0 {0,3, 6,9

13 1 0 14 2 {0, 3,6, 9}

14 1 0 14 4 {0,3,6,9}

15 1 0 14 BNgwee/4l {0,3,6,9)

If a UE has dedicatd@UCCH resource configuratipthe UE is providedby higher layers with one or moRUJCCH
resources.

A PUCCH resource includes the followipgrameters
- a PUCCH resource indgrovided bypucchResourceld

- anindex of the first PRB prior to frequency hopping or for no frequency hoppisgtiingPRB if a UE is not
provideduselnterlacePUCCHDedicatedr16

- anindex of the first PRB after frequency hoppingsbgondHopPRBf a UE is not provided
uselnterlacePUCCHDedicated-r16

- an indication for intraslot frequency hoppingy intraSlotFrequencyHoppindf a UE is not provided
uselnterlacePUCCHDedicated-r16
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- anindex of dirst interlaceby interlaceq if a UE is providediselnterlacePUCCHDedicatedr16

- if provided, an index of a secomaterlaceby interlacel, if a UE is providediselnterlacePUCCHDedicatedr16
- anindex of arRB set byrb-Setindexif a UE is providediselnterlacePUCCHDedicatedr16

- aconfiguration for PUCCHformat, from PUCCH format 0 through PUCCH formatgtpvided byformat

The UE expects that either none or botluséInterlacePUCCHCommorrl6 anduselnterlacePUCCHDedicatedr16
are provided

If a UE is providediselnterlacePUCCHDedicatedrl6, the UE determineavailableRBs for PUCCH transmissions as
the intersection of RBsorresponding to an interlace index providedrigrlaceOand, if providel, interlacel, and RBs

of an RB set provided byp-SetindexThe intersection results in2 ° & £ S RBg jnthe first interlace and the UE expects
thatD 27 § £ Sisseither, L0 or 11. linterlacelis provided, the intersection resultsiig ? § £ S RB# inithe second
interlace and the UE expects tfiad ? § £ § is githgr,10 or 11.

If the formatindicatesPUCCH-formatQ the PUCCH format configured for a PUCCH resource is PUCCH fobmat
where the PUCCH resource also includes an index for an initial cyclic shift provideitidZyclicShift a number of
symbolsfor a PUCCH transmission provided byofSymbolsa first symbol for the PUCCH transmission provided by
startingSymbolindex

If the formatindicatesPUCCH-formatl, the PUCCH format configured for a PUCCH resource is PUCCH format 1,
where the PUCCH resource also includes an index for an initial cyclic shift provideitidZyclicShift a number of
symbolsfor a PUCCH transmgson provided byrofSymbolsa first symbol for the PUCCH transmission provided by
startingSymbolindexandan index foran orthogonal cover codsy timeDomainOCC

If the formatindicatesPUCCHforma® or PUCCH-format, the PUCCH format configured for a PUCCH resource is
PUCCH format 2 or PUCCH format 3, respectively, where the PUCCH resource also includes a number of PRBs
provided bynrofPRBs a number of symbolor a PUCCH transmission provided byofSymbolsand a fist symbol

for the PUCCH transmission provided startingSymbolindexf a UE is provided byselnterlacePUCCHDedicated
r16, and theformatindicatesPUCCH-format2r16 or PUCCH-format3r16, the PUCCH resource also includés
provided, an orthogonal ger code length b CC-Lengthrl6 and an orthogonal cover code index®@C-Indexrl16.

If the formatindicatesPUCCH-format3r16, the UE assumes that the; 5 © © {4, TS38.211 PRBs with the lowest
indexes within the first, and if configured, secomderlaceare used for PUCCH transmission

If the formatindicatesPUCCH-forma#, the PUCCH format configured for a PUCCH resource is PUCCH format 4,
where the PUCCH resource also includesumber of symbolor a PUCCH transmission provided bsofSymbolsan
orthogonal cover codengthby occLength an orthogonal cover codedexby occindex and a first symbol for the
PUCCH transmission provided IsyartingSymbolindex

A UE can be configuredp tofour sets of PUCCH resource& PUCCH resource setjsovided byPUCCH

ResourceSetnd isassociated with a PUCCH resource set index providgaubghResourceSet|dvith a set of

PUCCH resource indexes providedragource.ist that provides a set gucd-Resourceldised in the PUCCH

resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the
PUCCH resource set provided maxPayloadSizd-or the first PUCCH resource set, the maximum number of UCI
information bits i2. A maximumnumber of PUCCH resourdéedexes for aet of PUCCH resources is provided by
maxNrofPUCCHResourcesPerSethe maximumnumber of PUCCH resourcésthe first PUCCH resource set is 32

and the maximum number of PUCCH resouiicgtie othePUCCH resourcsesis 8.

If the UE transmits0,., UCI informationbits, that include HARQACK information bits the UE determines a PUCCH
resourceset to be

- afirst set of PUCCH resoursevith pucchResourceSetld 0if Oy¢, ¢ 2 including 1 or 2 HARQACK

information bits and a positive or negative SR on one SR transmission occasion if transmission eABKRQ
information and SR occurs simultaneoysly

- asecond set of PUCCH resourceith pucchResourceSetld 1, if provided ly higher layersif 2<Oy, ¢ N,
where N, is equal tomaxPayloadSizé maxPayloadSizes providedfor the PUCCH resource set wiphicch

ResourceSetld 1; otherwiseN, is equal to 1706or
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- athirdset of PUCCH resourcesith pucchResourceSetld 2, if provided by higher layers N, <Oy, ¢ N,
where N; is equal tomaxPayloadSiz# maxPayloadSizis providedfor the PUCCH resource set wipicch

ResourceSetld 2; otherwise N, is equal to 1706or

- afourthset of PUCCH resourcegth pucchResourceSetld 3, if provided by higher layersf
N; <Oy, ¢1706.

If the UE is provide®SPSPUCCH-AN-List and transmit$)s , JJCI information bits that include only HAR@CK
information bits in response to one or more SPS PDSCH receptions, the UE determines arB&0@id to be

- aPUCCH resourceith SPSPUCCHAN-ResourcelD= 0if s 4, ¢, or

- aPUCCH resourcwith SPSPUCCHAN-ResourcelD= 1, if provided, if 054y 0 5 whereb  is
either provided bynaxPayloa&izein SPSPUCCHAN-List for SPSPUCCHAN-ResourcelD= 1 or is
otherwiseequal to 1706, or

- aPUCCH resourcaith SPSPUCCHAN-ResourcelD= 2, if provided, if0 Os4) O 5 wherel
is either provided bynaxPayloa&izein SPSPUCCHAN-List for SPSPUCCHAN-ResourcelD= 2 or is
otherwiseequal to 1706, or

- aPUCCH resourcwith SPSPUCCHAN-ResourcelD= 3, if provided, if0 .gyvg ~v Us») U gyg Wherel gayvg -y
is equal to 1706.

9.2.2 PUCCH Formats for UCI transmission
If a UE is not tansmitting PUSCH, and the U&transmiting UCI, the UE transm#&UCI in a PUCCH using
- PUCCH formag if
- the transmission is over 1 symbol or 2 symbols,
- the number oHARQ-ACK information bits with positive or negative SR (HARELCK/SR bits) is 1 or 2
- PUCCH formatt if
- the transmission is over 4 or more symbols,
- the number oHARQ-ACK/SRbits is 1 or 2
- PUCCH format if
- the transmission is over 1 symbol or 2 symbols,
- the number oJCI bits is more than 2

- thePUCCH resourcencludesan orthogonal cover codithe UE isprovidedan orthogonal cover codength
by OCGLengthrl6 and index byOCGIndexr16

- PUCCH format3 if
- the transmission is over 4 or more symbols,
- the number otJCI bits is more than 2

- thePUCCH resourcncludes an orthogonal cover codfethe UE isprovidedan orthogonal cover code
length byOCGC-Lengthrl6 andindexby OCGIndexrl6

- PUCCH format if
- the transmission is over 4 or more symbols,
- the numbenf UCI bits is more than,2

- thePUCCH resource includes an orthogonal cover code
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A spatial settindor a PUCCH transmission is providbg PUCCH-SpatiaRelationinfo if the UE isconfigured witha
singlevalue forpucchSpatiaRelationnfold; otherwisejf the UE is provided multiple values f®&®UCCH-
SpatialRelationinfothe UE determines a spatial setthogthe PUCCH transmissioas described ifill, TS 38.321]

The UE appliescorresponding actions inJ1TS 38.321] and correspondingeting for a spatial domain filteto
transmitPUCCH in the first slot that is after sldt+3ONS"Fme™ wherek is the slowhere the UBvould transmita

slot

PUCCH withHARQ-ACK informationwith ACK valuecorresponding ta PDSCHreceptionproviding thePUCCH
SpatialRelationInfand /m is the SCS configuration fahe PUCCH

- If PUCCH SpatiaRelationinfo providessskIndex the UE transmithe PUCCH using a same spatial domain
filter as for a reception of a SS/PBCH blagkh index provided byskIndexfor asame serving cell or, if
servingCellldis provided, for aerving cell indicated bgervingCellld

- else ifPUCCH SpatiaRelation nfo providescsiRSIndex the UE transmétthe PUCCH using a same spatial
domain filter as for a reception of a GBBwith resource index provided lmgi-RSIndexfor asame serving cell
or, if servingCellldis provided, for aservng cell indicated bgervingCellld

- elsePUCCH SpatiaRelationinfo providessrs the UE transmétthe PUCCHusinga same spatial domain filter
asfor a transmission oi SRS witlresource index provided lrgsourcefor asame serving ceind/or active UL
BWP or, if servingCellldand/oruplinkBWPare provided, for a serving cell indicateddsrvingCellldand/or for
an UL BWP indicated buplinkBWP

If aUE
- reportsheamCorrespondenceWithouttBeamSweeping
- is not proviledpathlossReferenceRBsPUCCH PowerContro]
- is providedenableDefaultBeamPIForPUCCldnd
- is not provided®®UCCH SpatialRelationInfp

a spatial setting for a PUCCH transmissimm the UEis same as spatial settindor PDCCH receptionby the UEin
the CORESET with the lowest ID on thetive DL BWP of thé”Cell

A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is providddibgnaDMRS

Use ofp/2-PBSK, instead of QPSK, for a PUCCH transsion using PUCCH format 3 or 4 is indicateddiBPSK

9.2.3 UE procedure for reporting HARQ-ACK

A UE does not expetd transmit more than one PUCCH with HARXEZK information in a slat

For DCI format 1_0,he PDSCHto-HARQ_feedbackiming indicatorfield values map tf1, 2, 3,4,5,6,7,8}. Fora
DCI format, other tha®CI format 1 0, scheduling a PDSCH reception or a SPS PDSCH reltas®DSCHto-
HARQ_feedbackiming indicator field valuesif presentmap to values for aet ofnumbe of slotsprovidedby dI-
DataToUL-ACK, or dl-DataToUL-ACKForDCIFormatl_2for DCI format 1_2as defined in Table 9.21.

For a SPS PDSCH reception ending in $lpthe UE transmits the PUCCH in slotk where K is provided by the
PDSCHto-HARQ feedbackiming indicator field, if present, im DCI format activating the SPS PDSCH reception

If the UE detects a DCI form#tat does not include a PDS@btHARQ_feedbackiming indicator field and schedules
a PDSCH eceptionor activates a SPS PDSCH reception endirgahn, the UE providecorresponding HARCACK

information in a PUCCH transmission within slot kK where K is provided bydl-DataToUL-ACK, or bydl-
DataToUL-ACKForDCIFormatl_2for DCI format 1_2

With reference to slots for PUCCH transmissions, if the UE detects a DCI format sSngedBDSCH reception
endingin slot n orif the UE detects ®CI formatindicating aSPSPDSCHreleasahrough a PDCCH receptie@nding

in slot n, the UE providscorresponding HARGACK information in a PUCCH transmission within slot k , where
K is a number of slots and is indicated by the PDSGHARQ _feedbackiming indicator field in the DCI formaiif

present, or provided byl-DataToUL-ACK, or bydl-DataToUL-ACKForDCIFormatl_2for DCI format 1_2 k=0
corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH
reception in case of SPS PDSCH release.
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A PUCCH transmission witARQ-ACK information is subject to ghlimitations for UE transmissions described in
Clausell.1 andClausel1.1.1.

Table 9.2.3-1: Mapping of PDSCH-to-HARQ _feedback timing indicator field values to numbers of

slots
PDSCH-to-HARQ_feedback timing indicator Number of slots k
1 bit 2 hits 3 bits
‘0" ‘00’ 000" 15t value provided by dI-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
1 ‘01’ 001" 2"d value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
'10' 010" 3 value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
11" 011" 4% value provided by dI-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
100’ 5" value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
101" 6" value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
110' 7t value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
111" 8" value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl 2

Fora PUCCHtransmissiorwith HARQ-ACK information,a UE determines a PUCCH resource after determining a set
of PUCCH resource®r O, HARQ-ACK information bits as described i€lause9.2.1 The PUCCH resource

determination is based on a PUCCH resource indicator[BeldS 38.212]if presentjn a last DCI formatamong the
DCI formats that have a value of a PDS@HHARQ_feedback timing indicator fieldf present, or a value afi-
DataToUL-ACK, or a value ofll-DataToUL-ACKForDCIFormatl_2for DCI format 1_2jndicating a same slot for the
PUCCH transmissiorthat the UE detects and for which the UE transmits corresponding HRX®RQinformation in
the PUCCH whergefor PUCCH resource deteimation,detected DCI formats afest indexed in a ascendingprder
acrossservingcells indexegor a samd?DCCH monitoring occasioandarethenindexedin an ascending ordeicross
PDCCH monitoring occasion indexéor indexing DCI formats within aesving cell for a samBDCCH monitoring
occasionif the UE isnot providedCORESETPoollndear is providedCORESETPoollndewith value O forone or
morefirst CORESETsand is providedCORESETPoolIndexith valuel for one or more second CORESE¥san
active DL BWP of a serving cell, and wis#tCKNACKFeedbackMode JointFeedbackor the active UL BWP
detected DCI formatsom PDCCH receptions in the first CORESETS are indexed pridetiscted DCI formatsom
PDCCH receptions in the second CORESETS

The PUCCH resource indicatdield values map to valuad a setof PUCCH resource indexeas defined in Table

9.2.32 for a PUCCH resource indicator field of 3 biggovided byresourcéist for PUCCH resources from set of

PUCCH resourceprovided byPUCCH-Resourc&etwith a maximum of eight PUCCH resourcéf¢he PUCCH

resource indicator field includes 1 bit or 2 bits, the values map to the first 2 values or the first four values, rgspectivel
of Table 9.2.22.

For the first set of PUCCH resources and wthersize R, .., Of resourceLisis larger thareight, when a UE provides

HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI foram&DCCH receptign
among DCI formats witla value of the PDSCitb-HARQ _feedback timing indicator fieldf present, or a value afi-
DataToUL-ACK, or a value ofil-DataToUL-ACKForDCIFormatl_2for DCI format 1_2jndicatinga same slot for the

PUCCH transmission, the UE determines a PUCCH resauitbéndex ro e 0€ roycen® Roycen 1, @s

&én N 8ol & s | "
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, is anumber of CCEs iCORESET P of thePDCCHreception for the DCI formats described in

Clausel10.1, Nece , is the index of a first CCE for tHRDCCHreceptionand Dy, is avalue ofthePUCCH resource
indicatorfield in the DCI format.

Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH

resource set with maximum 8 PUCCH resources

PUCCH resource indicator PUCCH resource |
1 bit 2 bits 3 bits
'0' '00' 000" 1t PUCCH resource provided by pucch-Resourceld obtained from the
15t value of resourcelList
' ‘or 001" 2" PUCCH resource provided by pucchResourcéd obtained from the
2" value of resourceList
'10° 010" 3" PUCCH resource provided by pucchResourcéd obtained from the
3" value of resourcelList
171 011" 4" PUCCH resource provided by pucchResourcéd obtained from the
4" value of resourcelList
100" 5% PUCCH resource provided by pucchResQurcd!d obtained from the
5" value of resourcelList
101" 6" PUCCH resource provided by pucchResQurcd!d obtained from the
6™ value of resourceList
110" 7" PUCCH resource provided by pucchReS(_)uerEd obtained from the
7' value of resourceList
111" 8" PUCCH resource provided by pucchReS(_)urcdxi obtained from the
8" value of resourcelList

If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with corresponding HARQ
ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a
PUCCH transmission with cornesnding HARQACK information in the slot, the UE does not expect to multiplex
HARQ-ACK information corresponding to the second DCI format in a PUCCH resource in the slot if the PDCCH

reception that includes the second DCI format is not earlier N@Q2048 -141) k G027 GYC from the beginning of

a first symbol of the first resource for PUCCH transmission in the slot wihere]"Y are defined irclause4.1 of [4,
TS 38.211] and/77 corresponds to the smalle3€Sconfiguration amonghe SCSconfigurations of th&DCCHs

providingthe DCI formatsand theSCSconfiguration of the?UCCH If processingType2Enabled PDSCH
ServingCellConfigs set toenablefor the serving cell with the second DCI fornaatdfor all serving cellsvith
corresponding HAREACK informationmultiplexed in the PUCCH transmission in the sigt=3 for /=0,

N, =45 for m=1, N, =9 for m=2; otherwise, N, =8 for /m7=0, N, =10 for /77=1, N, =17 for m=2,

N, =20 for /m=3.

If a UEis not providedSPSPUCCH-AN-List andtransmitsHARQ-ACK information corresponding only ssPDSCH
receptionwithouta corresponding PDCCH, a PUCCH resource for correspolilf@CH transmission withlARQ-
ACK informationis provided byn1PUCCHAN.

If a UE transmitsa PUCCH withHARQ-ACK informationusing PUCCH format 0, the UE determines valaog and
M. for computing a value of cyclic shif? [4, TS 38.211] wheram, is provided byinitial CyclicShift of PUCCH

formatOor, if initialCyclicShiftis not provided by the initial cyclic shift index as described @lause9.2.1and m is

determined from the value of one HARELK informationbit or from the values of two HAR®@CK informationbits
as inTable 9.23-3 and Table 9.3:4, respectively.

Table 9.2.3-3: Mapping of values for one HARQ-ACK information bit to sequences for PUCCH format

HARQ-ACK Value 0 1
Sequence cyclic shift

3GPP



Release 16 79 3GPP TS 38.213 V16.1.0 (2020-03)

Table 9.2.3-4: Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format

0
HARQ-ACK Value 10,0} 0.1} (L1 (1.0}
Sequence cyclic shift Mes =0 Mes =3 Mes =6 Mes =9

If a UE transmis a PUCCH with HARQACK information using PUCCH format, the UE is provided valuefor m,

by initial Cyclicshift of PUCCHformatl or, if initialCyclicShiftis not provided by the inital cyclic shift index as
described irClause9.2.1

If a UE transmitsa PUCCH withO,,, HARQ-ACK informationbits andO,. bits using PUCCH format 2 or PUCCH

format 3in a PUCCH resource that includ®g; " PRBs the UE determines a number of PRBiGs o for the

PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a numberMSﬁB’ﬁ@s
provided respectively bgrofPRBsof PUCCH-format2or nrofPRBsof PUCCH-format3and start from the fird?RB
from the number of PRBs, that results(@,, +Ogrc) ¢ M agoeONEE NG o00 @, @ and, if MEgeeH>1,

scetrl

PUCCH A\ | RB A |PUCCH /& T RB PUCCH . .
(OACK +OCRC) > (M REin 1)GNscm| Ny ue @, @, where Necoy, NG oie, Qm, and I are defined irClause

9.2.5.2 For PUCCH format 3, ifM fg i is not equal2’? 3% (& according to [4, TS 38.211M fg i is

increased to the nearest allowed valuarofPRBsfor PUCCH-format3[12, TS 38.331]If
(Oucx +Ouc) > (MELEH- 2)ONZE,, NPUSSH, ) G, the UE transmits the PUCCH oviZSCH PRB.

scetrl

If a UEis provided a first interlace @) # & £ $ PRB&Gy-interlace0in InterlaceAllocationr16 andtransmitsa PUCCH
with 0, » HARQ-ACK informationbits and0 , bits using PUCCH format 2 or PUCCH formattBe UE transmits
the PUCCH over the firstinterlace i, » . Uy, 077 &K ST Adummiibdl (540  Ti; otherwise, if the UE is
provided a second interlace ijerlacelin PUCCHformat2or PUCCH-format3 the UE transmits the PUCCH over
the first and second interlaces.

9.2.4 UE procedure for reporting SR

A UE can beconfigured bySchedulingRequestResourosflg a set of configurations for SiR a PUCCH transmission
using either PUCCH format 0 or PUCCH forma®AlUE can beconfigured byschedulingRequestiIDForBFR
configuration forLRR in a PUCCH transmissiarsing either PUCCH format 0 or PUCCH formaihe UE can be
configured, byschedulingRequestPrioriin SchedulingRequestResourceCordigriorityindex0 ora priority index1
for the SR.

The UEis configured a PUCCH resource 8ghedulingRequestRourcéd, or by schedulingRequestIDForBER
providing a PUCCH format 0 resouroea PUCCH format 1 resoures described i€laused.2.1. The UE is also
configureda periodicity SR cxopicry iN Symbolsor slotsandan offset SR in slotsby periodicityAndOffsetor a

PUCCH transmission conveying SIR.SRcropicv 1S larger than one slot, the UE determin&Ratransmission
occasion in &UCCH to ben a slot with numbr né’} [4, TS 38.211] in a frame with numbex; if

A | rame, —
(nf O\l ot ¥ ns”,7f - SI%FFSET)rnOdS%ERIODICI'IY _O'

slot
If SReronicy 1S ONe slot, the UE expects thaR . = 0 and every slois a SR transmission occasion in a PUCCH.

If SRerooicy 1S SMaller than one slot, the UE determines a SR transmission ociceaiBtJCCH to staiih a symbol

with index | [4, TS 38.211] if(l - |, mod SR,ER'Dchm)mod SRcrobicw =0 wherel, is the valueof
startingSymbalindex

If the UE determines thafipr a SR transmission occasion in a PUCCH, the number of symbols available for the
PUCCH transmission in a slot is smaller than the value provideddi$ymbolsthe UE does not transmit the PUCCH
in the slot.

SR transmission occasions in a PUCCH argesitho the limitations for UE transmissions describe@lausell.1 and
Clausell.1.1.
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The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE
transmits a positive SR. For a positive &smission using PUCCH format 0, the UE transmits the PUCCH as
described in [4, TS 38.211] pbtainingm, as described for HAR@QCK information inClause9.2.3 and by setting

m, =0. For a positive SR transmission using PUCCH format 1, the UE transmits @@HPHs described in [4, TS
38.211] by settingo(0) = 0.

9.25 UE procedure for reporting multiple UCI types

This Clause's applicable to the case thaty& has resources for PUCCH transmissions or for PUCCH and PUSCH
transmissionshat overlap in timeand eaclPUCCH transmission is over a single sigthout repetitioss. Any case that
a PUCCH transmission is with repetitions over multiple slots is deskciib@laused.2.6.If a UE is configuredvith
multiple PUCCH resources in a slot to transmit CSI reports

- if the UE is not providenulti-CSFPUCCHResourceListr if PUCCHresourcegor transmissions of CSI
reportsdo notoverlap in the slgthe UE determinesfirst resource corresponding &CSI report with the
highest priority{6, TS38.214]

- if the first resource includdaUCCH format 2, athif there are remaining resourdaghe slotthat donot
overlap with the firstesourcethe UEdetermines &SI report with thenighest priority, among the CSI
reports with corresponding resources fromréraaining resource and a corresponding second resoasce
an alditionalresource for CSlI reporting

- if the first resource includes PUCCH fatr8 or PUCCH format 4, and if there are remaining resources in
the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI
report with the highest priority, among the CSI reports with corresponding resouncethé remaining
resources, and a corresponding second resource as an additional resource for CSI reporting

- if the UE is providednulti-CSFPUCCHResourceLisand if any of the multiple PUCCH resources overtap
UE multiplexesall CSI reports in a resource from the resoupmevidedby mult-CSFPUCCHResourcelistas
described irClaused.2.5.2

A UE multiplexes HARQACK information, with or without SR, and CSI resport(s) in a same PUCCH if the UE is
providedsimultaneousHAR@CK-CSI, otherwise, the UE drops the CSI report(s) amodudes only HARQACK
information, with or without SRin the PUCCH If the UE would transmit multiple PUCCHs in a slot that include
HARQ-ACK information and CSI report(sihe UE expects to be providadsame configuration for
simultaneousHAR@CK-CSleach ofPUCCH formas 2, 3, and 4.

If a UE would multiplexCSI reports that include Part 2 CSI repants. PUCCH resource, the UE determines the
PUCCH resourcand a number of PRBs ftire PUCCH resourcer a number of Part 2 CSI repodassuming that each
of the CSl reports indicates rank 1.

If a UE would transmit multiple overlapping PUCCHsa slot or overlapping PUCQE) and PUSCKE) in a slot and,

when applicable as describedGtauss9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in

one PUCCH, andt leasbne of the multiple overlapping PUCCHSs or PUSCHs is in response to a DCI format detection
by the LE, the UE multiplexes all corresponding UCI types if the following conditions ardfroee of the PUCCH
transmission or PUSCHransmissios is in response to a DCI format detection by the UE, the UE expects that the first
symbol S, of the earliest PUCCldr PUSCH, among a grouverlapping PUCCHand PUSCHs in the slot, satisfies

the following timeline conditions

- S, is not before a symbatith CP starting afte"r\@]‘ f’ %@fter a last symbol of any corresponding PDSOﬂ—I,‘? a’m

is givenby maximum of )9] o g’)&? ﬁf] o g%? where for the-th PDSCHwith corresponding HARGACK
transmission on a PUCCH which is in the groupwérlapping PUCCHs and PUSCI—'I!%,{VJ ?;)a,
O, Qp P tgmryprilic ‘ t"¥, Q, is selected for theth PDSCHfollowing [6, TS 38.214]

0, is selected based on the UE PDSCH processing capatfitite ith PDSCH and SCS configuration
where' corresponds to the smallest SCS configuration among the SCS configurations tlsedidCCH
scheduling the-th PDSCH (if any), the-ih PDSCH, the PUCCH with corresponding HAREK transmission
for i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs

- S, is not before a symbatith CP starting afte"r\@]‘ 8. o@fter alast symbol of any correspondBBS

PDSCHreleaseor of a DCI format 1_1 indicating SCell dormancy as described in Clausé ¥¢.8 54 0i§i o
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given by maximum of ¥ § & o §&( Y 1 b« &E; gvhere for the-th PDCCH providing the SPS PDSCH
releaseor the DCI format 1_vith corresponding HAREACK transmission on a PUCCWihich is in the group
of overlapping PUCCHs and PUSC;H%,OEfﬂgmlm,i § pitgmuyprtiltg tY, 0 isdescribed in
Clausel0.2 and is selected based on the UE PDSCH processing capatitieyith SPS PDSCH releas# the
DCI format 1_1and SCS configuration, where' correspondsatthe smallest SCS configuration among the
SCS configurations used for tROCCH providing the-th SPS PDSCH releasthe PUCCH with corresponding
HARQ-ACK transmission for-th SPS PDSCH release the DCI format 1_Jand all PUSCHSs in the group of
overlapping PUCCHSs and PUSCHs.

- if there is naaperiodicCSI reportmultiplexed h a PUSCH inthe group of overlapping PUCCHs aRtYSCHs,
S, is not beforea symbolwith CP starting aftefy, ¢ gfteralast symbol of

- any PDCCHwith the DCI formatschedulingan overlappinfUSCH and

- anyPDCCH scheduling a PDSGCbét SPS PDSCH relsa with corresponding HAR@CK information in
an overlapping PUCCH in the slot

If there i§ at least one PUSGHthe group of overlapping PUCCHs aRUSCHs"Y is given by maximum
of 'Y PFRERY [FE where for the-th PUSCHwhich is in the group obverlapping PUCCHSs and
PUSCHSs;'Y r? GOl QfF pitemtyt dlic YR, ,QrandQ;are selected for the i

th PUSCHfollowing [6, TS 38.214]0 is selected based on the UE PUSCH processing capatitite ith
PUSCH and SCS configuration where' corresponds to the smallest SCS configuration among the SCS
configurations ged for the PDCCH scheduling thehiPUSCH (if any), the PDCCHSs scheduling the PDSCHs
with corresponding HAREACK transmission on a PUCCH which is in the group of overlapping
PUCCHs/PUSCHSs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.

If therga is no PU_SCI'rh the group of overlapping PUCCHSs and PUSCHNSs is given by maximum of
Y PMRERY JRE where for the-th PDSCHwith corresponding HARGACK transmission on a PUCCH
which is in the group overlapping PUCCHSY ' 0 pfcmtypt ilifg °Y,0 isselected

based on the UE PUSCH processing capalfithe PUCCH serving cell if configuredi . is selected based on

the UE PUSCH processing capabilityif PUSCH processing pability is not configured for the PUCCH

serving cell! is selected based on the smallest SCS configuration between the SCS configuration used for the
PDCCH scheduling theth PDSCH (if any) with corresponding HARACK transmission on a PUCCH which

is in the group obverlapping PUCCHsand the SCS configuration for the PUCCH serving cell

- if there isanaperiodicCSI reportmultiplexed ina PUSCH inthe group of overlapping PUCCHs aRtISCHs

S, is not beforea symbolwith CP starting aftefl iocs, = max((Z +d)dro4s+144) & 2 "G, dz,z) aftera
last symbol of

- any PDCCHuwith the DCI format schedulingn overlappinUSCH and

- anyPDCCH scheduling a PDSCHr SPS PDSCH releaser providinga DCI format 1_1 indicating SCell
dormancywith corresponding HAREACK information in an overlapping PUCCH in the slot

where 777 corresponds to the small&XCSconfigurationamong theSCSconfiguration of the PDCCHsghe

smallestSCSconfiguration for the groupf the overlapping PUSCHs, attte smallesECSconfiguration of
CSkRSassociated with the DCI format scheduling the PUS@H the multiplexed aperiodic CSI reppand

d=2 for m=0,1, d=3 for m=2 andd =4 for m=3
- N;, N, dy,, d,,, d,,,andZ are definedn [6, TS 38.214]and K andT. are defined if4, TS 38.211]

If a UE would transmit multiple overlapping PUCClhtsa slot or overlapping PUCQE) and PUSCKE) in a slot, one
of the PUCCHs includes HAR@CK information in response to an SPS PDSCH reception, and any PUSCH is not in
response to a DCI format detection, the é&dpects that the first symb@, of the earliest PUCCH or PUSCH satisfies

the first of the previousmeline conditionsvith the exception that components associated3G&configuration for a
PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.

A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other
PUCCH or PUSCH that does not satisfy the atowing conditions.

3GPP



Release 16 82 3GPP TS 38.213 V16.1.0 (2020-03)

A UE that

- is notprovidedCORESETPoolIndear is providedCORESETPoollndewith a value of O for first CORESETS
on active DL BWPs of serving cells, and

- is providedCORESETPoolIndewith a value of 1 for second CORESETS on active DL BWPs of the serving
cells, and

- is providedACKNACKFeedbackMode SeparatEeedback

does not expea PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a
CORESH from the first CORESET® overlap witha PUCCH or a PUSCH transmission triggered by a detection of a
DCI format in a PDCCH received in a CORESET from the second CORE#&Hhare isone or more aperiodic CSI

reports multiplexed oRUSCHs in the group doverlapping PUCCHs andUSCHsand f symbol S, is before symbol

z'm> that is a next uplink symbol with CP starting aflBffccq = (z'+d)d2048+144) G & ", after the ed of the

ref

last symbol of
- the last symbol of aperiodic GRS resource for channel measuremeraisd
- the last symbol of aperiodic G used for interference measurements, and

- the last symbol of aperiodic NZP GBI for interference measuremgmhen aperiodic CSRS is used for
channel measurement for triggered CSI report

the UE is not requirectupdate the CSkportfor the triggered CSl repofl. Z' is definedin [6, TS 38.214] and/77

corresponds to themallestSCSconfigurationamong thesCSconfigurationsof the PDCCHSs scheduling the PUSCHs
the smallesSCSconfiguration ofaperiodic CSIRSs associated with DCI formats provided by the PDCCHs triggering

the aperiodic CSI reportand the smalleSCSconfigurationof the overlapping PUCCHs and PUSCaisl d =2 for
m=0,1, d=3 for m=2 andd =4 for nm7=3.

If a UE would transmit multiple PUCCHSs in a slot that indUdARQACK information,and/orSR, andor CSI reports
and any PUCCH with HAREACK information in the slot satisfies the above timing conditions and does not overlap
with any other PUCCH or PUSCH in the slot that does not satisfy the above timing conditions, the UE multiplexes
HARQ-ACK information, and/orSR, andor CSI reports and determines corresponding PUCCH(s) for transmission in
the slot according to the following pseudode. If the multiple PUCCHs do not include HAREK information and

do not overlap with any PUSCH transmission bylitein response to a DCI format detection by the UE, the timing
conditions do not apply.

If
- aUE is not providednulti-CSFPUCCHResourceListand

- aresource for a PUCCH transmission with HARQK information in response to SPS PDSCH reception
and/ora resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective
PUCCH transmissions with two CSI repodsad

- there is no resource for a PUCCH transmission with HAMK information in response to a DCI format
detection that overlaps in time with any of the previous resoulanes

- the following pseudo code results to tHE attempting to determine a single PUCCH resource froril &RRQ-
ACK and/or the SResourceand thetwo PUCCHresourcesvith CSI reports

the UE

- multiplexes the HARQACK information and/or the SR in the resource for the PUCCH transmission with the
CSl report having the higher priority, and

- does not transmit the PUCCH with the CSI report having the lower priority

Set Q to the set of resourcésr transmission of corresponding PUCCHs isiregle slot without repetitionshere

- aresourcewith earlierfirst symbolis placed before esourcewith later first symbol
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- for two resources with same first symbtble resource wittonger duratioris placed before the resource with
shorter duration

- for two resources with same first symbol and same duratieplacement is arbitrary

- the above three steps for the €@t are according to a subsequent psecaide for a functiororder(Q)

- aresourcdor negative SR transmission that does not overlap with a resource for A&RQr CSI
transmission is excluded from s&

- if the UE is not proudedsimultaneousHAR@CK-CSland resources for transmission of HARCK
information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH
format 3, or PUCCH format 4 for transmission of CSI reports are excluded frogettk2 if they overlap with

any resource from the resources for transmission of HAR® information

- if the UE is not providedimultaneousHAR@CK-CSland at least one of the resources for transmission of
HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

- resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded
from the setQ

- resources that include PUCCH format 2 for transmission of CSI reports are excluded from@hef $bey
overlap with any resource from the resources for transmission of HARQinformation

Set Q) to the cardinality ofQ

Set Q(j,0) to be the first symbol of resoce Q(j) in the slot

Set L(Q(j)) to be the number of symbols sourceQ(j) in the slot
Set j =0 - index offirst resource in se@

Set0=0 - counter of overlapped resources

while j ¢ dQ)- 1

if j <dQ)- 1 andresourceQ(j- o) overlaps with resourc@(j +1)

0=0+1

j=j+1
else

if 0>0

determine a single resource faultiplexing UCI associated Witfnesourcee{Q(j - 0),Q(j - o+1),...,Q(j)} as
described irClauses 9.2.5.1 and 9.2.5.2

set the index of the single resourcejto

Q=Q\Q(j - 0),Q(j - 0+1).....Q(j - D}

j =0 % start from the beginning after reordering unmerged resources at next step
0=0

order(Q) % function that reorders resources in current &

Set Q) to the cardinality ofQ

else
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j=j+1
end if
end if

end while

The functionorder(Q) performs the following pseudcode

{
k=0
while k < O(Q) 1 % the next two while loops are to-oeder the unmerged resources
=0
while I <dQ)- 1- k
if Q(,0)>Q( +1,0) OR (Q(1,0) =Q(l +1.0) & L(Q()) < L(Q( +1)))
temp=Q(l)
Q) =Q(l +1)
Q( +1) =temp
end if
I=1+1
end while
k=k+1
end while
}
For each PUCCH resource in the €@t that satisfies the aforementiontithing conditions when applicable,

- the UEtransmits a PUCCH using the PUCCH resource if the PUCCH resdoesenot wverlapin timewith a
PUSCHtransmissiorafter multiplexing UCI following the procedures describe€lauss 9.2.5.1 and 9.2.5.2

- the UEmultiplexes HARGQACK informationandbr CS reports in a PUSCH the PUCCH resourceverlapsn
time with aPUSCHtransmission, as described@aused.3,and does not transmit SR casethe PUCCH
resource overlaps in time withultiple PUSCHransmission, the PUSCHor multiplexing HARQACK
information and/or CSik selected as described@eause9. If the PUSCH transmission by the UE is not in
response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not
applicable

- theUE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple
slots if the resource is obtained fromgraup of resourcethat do not overlap witthe second resource

Clause 9.2.5.1 and 9.2.5.2 assume fihiéowing
- resources fotransmissiosof UCI types, prior to multiplexing or dropping, overlap in a slot
- multiplexing conditions of corresponding UCI types in a single PUCCH are satisfied, and

- the UE does not transmit aR}JJSCHtime-overlappingwith PUCCH in the slot
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9.251 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH

In the following, aUE is configured to transmiK PUCCHSs for respectivdK SRs in a slot, as determined by a set of
schedulingRequestResourcaltdschedulingRequestiIDForBERith SR transmission occasions that wooNerlap

with a transmission of a PUCCH with HARCK information from the UE in the slot or with a transmission of a
PUCCH with CSI report(s) from the UB the slot.

If a UE would transmita PUCCH with positive SR arat most twdHARQ-ACK information bitsin a resourceising
PUCCH format 0, the UE transmitse PUCCHin the resource using PUCObirmat 0 in PRB(s) for HARCACK
information as described Dlause9.2.3 The UE determines a value of, and m.4 for computing a value of cyclic
shift & [4, TS 38.211] wheram, is provided byinitialcyclicshift of PUCCH-formatQ and m.g is determined from

thevalue of one HAR@ACK informationbit or from the values of two HAR@CK informationbitsas inTable 9.2.5
1 and Table 9.2:2, respectively.

If the UEwould transmitnegative SR and PUCCH withat most twdHARQ-ACK information bitsin a resourceising
PUCCH format 0, the UE transmitse PUCCH intheresource usin@UCCH format 0 for HAR@ACK informationas
described irClause9.2.3

Table 9.2.5-1: Mapping of values for one HARQ-ACK information bit and positive SR to sequences for
PUCCH format 0

HARQ-ACK Value 0 1
Sequence cyclic shift Mes =3 Mes =9

Table 9.2.5-2: Mapping of values for two HARQ-ACK information bits and positive SR to sequences
for PUCCH format 0

HARQ-ACK Value {0, 0} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift My =1 Mes =4 Mes =7 Mes =10

If a UEwould transmit SR in a resource using PUCCH format 0 and HAR® information bits in a resource using
PUCCH format 1in a slot the UE transmits onlg PUCCH withthe HARQACK information bits in the resource using
PUCCH format 1.

If the UEwould transmitpositive SR in dirst resource using PUCCH format 1 and at most H#RQ-ACK
information bitsin asecondesourcausing PUCCH format in a slot the UE transmita PUCCHwith HARQ-ACK
information bitsin thefirst resource usin@UCCH format las described i€lause9.23. If a UE would nottransmita
positiveSR in a resource using PUCCH format 1 amaild transmitat most twdHARQ-ACK information bitsin a
resourcausing PUCCH format in a slot, the UE transmits a PUCCHLtireresourcausingPUCCH format for
HARQ-ACK information as described Dlause9.2.3

If a UE would transmita PUCCH withO,., HARQ-ACK information bits in a resouragsing PUCCH format 2 or
PUCCH format 3 or PUCCH formatid a slot,as described i€lause9.2.3, dog 2(K +1)g bits repesenting a negative
or positive SR, in ascending order of the valuescbiedulingRequestResourcalttischedulingRequestiIDForBERre
appended to the HAR@CK informationbits and the UE transmits the combin€,, = O, +éog2(K +1)g UCI bits in

a PUCCHusinga resource witfPUCCH format 2 or PUCCH format 3 or PUCCH formdhdt the UE determines as
described irClause 9.2.1 and 9.2.3f one of the SRs is a positive LRR, the value of gog Z‘(K +1)g bits indicates

the positive LRRAN all-zero valie for thedog 2(K +1)g bits represents a negative SR value acrosKalsRs

If a UE would transmita PUCCH withO., CSlreport bits in a resouragsing PUCCH format 2 or PUCCH format 3 or
PUCCH format 4n a slot dog 2(K +1)g bits representing corresponding negative or pasfiR, in ascending order of
the values ofchedulingRequestResourcaltdschedulingRequestiIDForBERreprependedo theCSl information

bits as describeih Clause9.2.5.2and the UE transmits a PUCCH with the combingd, = éogz(K +l);gj+OCSI ucCl

bits in a resourcasingthe PUCCH format 2 or PUCCH format 3 or PUCCH formdbaACSlI reportingIf one of the
SRs is a positive LRR, the value of theg 2(K +1)g bits indicates the positideRR. An all-zero value for the

gog 2(K +l)g bits represents a negative SR value acrosKalSRs.
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If a UE transmit@a PUCCH withO, ., HARQ-ACK informationbits, O, = dog,(K +1)g SR bit, and O, CRCbits

using PUCCH format 2 or PUCCH formatrBa PUCCH resource that includMQSCCH PRBs the UE determines a

number of PRBaM i3 for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or

equal to a number of PRBs provided respectivelptofPRBsin PUCCHforma or nrofPRBsin PUCCH-format3
and starts from the first PRB from the number of PRBs, that results to

(OACK +0gz +OCRC) ¢ MS;%%HG\'RB m;ﬁfﬁé @mm and, if M;SCCH>1!

scetrl
PUCCH 1) RB ¢ |PUCCH i (5 RB PUCCH , :
(OACK +0q +OCRC) > (M RB,min " 1)CN Ny uet @, @, where N, Noyno Uc s Qn.andI' are defined in

scetrl
Clause9.2.5.2 For PUCCH format 3, itM kg is not equal2®2 (3% (% according to [4, TS 38.211M f o

is increased to the nearest allowed valuerofPRBsfor PUCCH-format3[12, TS 38.331]If
(Ouck +O0sp +Ocre) > (I\/I PuceH_ 1)CN R N rete @, @, the UE transmits the PUCCH over tMyg " PRBs.

scetrl

If a UEis provided a first interlace a'if)o 2 &k S PRBghy,interlace0in InterlaceAllocationrl6 andtransmitsa PUCCH
with 0, » HARQ-ACK informationbits, i3, @ ¢ "@ p OSR bis, andl, , LRCbits using PUCCH format 2 or
PUCCH format 3the UE transmits the PUCCH over the first interlacéiif . 03, Us4 077 &K 5T RGmmbno o
085 kG0 ti; otherwise, if the UE ispvided a second interlace byterlacelin PUCCH-format2or PUCCH-
format3 the UE transmits the PUCCH over the first and second interlaces.

9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

For a transmission occasion afsingleCSlI report, a PUCCH resource is providedpacchCSHFResourceListFor a
transmission occasion afultiple CSI reports, corresponding PUCCH resouieas beprovided bymulti-CSFPUCCH-
ResourcelListlf a UE is provded first and secondUCCH-Config multi-CSFPUCCH-ResourcelLists provided by the
first PUCCH-Config andPUCCHResourceldn pucchCSFResourceLisbr multi-CSFPUCCH-ResourceLisindicates
a corresponding PUCCH resourcdAblCCH-Resourcerovided by thdirst PUCCH Config

If a UE is provided only one PUCCH resource set for transmission of HARR information in response to PDSCH
reception scheduled by a DCI format or in response to a SPS PDSCH release, the UE does not expect to be provided
simultaneosHARQACK-CSI.

A UE is configuredoy maxCodeRata code rate fomultiplexingHARQ-ACK, SR, and CSI report(sh a PUCCH
transmission usin@UCCH format 2PUCCH format 3or PUCCH format.

If a UE transmits CSI reports using PUCCH format 2, the UE transmits only wideband CSI for each CSI report [6, TS
38.214]. In the following, a Part 1 CSl report refers either to a CSl report with only wideband CSI or to a Part 1 CSI
report with wideband ASnd subband CSI.

Denote as
- O, atotal number of HARQACK informationbits, if any

- O, atotal number oBRbits. O, =0 if thereis no scheduling request pittherwise,Og, = dog,(K +1)g as
described irClaused.2.5.1

total
Ncsi

- Og=4a (oCS,_pan1n +OCSI-par12n)’ where Ocg) pan1n is @ Number oPart 1CSI reportbits for CSI report with

n=1

priority value N, Ocg panzn IS @ Number oPart 2CSlreportbits, if any, for CSI report with priorityalue n

[6, TS 38.214]and N(":Og"j" is a number o€SI reports that include overlappi@$l! reports

- Ocre = Ocrecsipartit Ocrecsipara Where Ocge csipans IS @ Number of CRC bits, if any, for encoding HARQ
ACK, SR andPart 1CSI report bitsand Ocgc cs1.panz IS @ NUMber of CRC bits, if any, for encodiRgrt 2CSI
report bits

In the following

- I is acode rate given bynaxCodeRatas in Table 9.2.5:2.
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M F5°"is anumbe of PRBs forPUCCH format 2, or PUCCH format 3, or PUCCH formate$pectively
where MFJ“" is provided bynrofPRBsn PUCCH-format for PUCCH format 2 or bprofPRBsn PUCCH-
formaB for PUCCH format 3, and/;;°“"=1 for PUCCH format 4

N = NI - 4 for PUCCH format 2, if the PUCCH resource with PUCCH format 2 includes an
orthogonal cover code with lengfRsy““" provided byOCGLengthr16, N2 —(NSRCB - 4)/ NSYeeH2,

scetrl

NZ2 =N for PUCCH format 3or, if the PUCCH resource with PUCCH format 3 includes an orthogonal

scetrl
cover code with lengtiNS>“"* provided byOCGLengthr16, N2, = N2 /NEYCCH3 angd

scetrl

N2, = NEB/NEVCCH for PUCCH format 4where NP is a number of subcarriers per resource block [4, TS

scetrl —

38.211]

NS meucr is equal toanumber ofPUCCHsymbok N& v for PUCCH format rovided bynrofSymbolsn
PUCCH-format. For PUCCH format 3 or for PUCCH format N;‘r’rﬁﬂ'}, is equal to a number of PUCCH

symbols Ng,:“"** for PUCCH format 3r equal to a number of PUCCH symbadig,“"* for PUCCH format

4 provided bynrofSymbolsn PUCCH-format or nrofSymbolsn PUCCH-format, respectivelyafterexcluding
a number of symbols used for DRIS transmission for PUCCH format 3 or for PUCCH format 4, respectively
[4, TS 38.211]

Q, =1 if pi/2-BPSK is the modulation scheme a@g =2 if QPSK is the modulation scheme as indicated by
pi2BPSKfor PUCCH format 3 or PUCCH format 4. For PUCCH forma@g =2

If a UE haone or moreCSI reports andero or mordHARQ-ACK/SR information bitsto transmit in a PUCCkhere
the HARQACK, if any, is inresponse to a PDSCH reception without a corresponding PDCCH

if any ofthe CSI reports are overlapping and tHE is providedby multi-CSFPUCCH-ResourceLiswith J ¢ 2
PUCCH resourcein a slot for PUCCH format 2 and/d?PUCCH format3 andbr PUCCH format4, as described
in Clause9.2.1, where the resources are indexed according to an ascending ortther jooduct o number of

corresponding REsnodulation ordeiQ,,, and configured code raté ;

- if (Opek +Osg +Osg +Ocre) € (M PUCCHERE | (yPUCCH ¢ty C"D)o’ theUE usesPUCCH format2 resource

scetrl symb-UCI

O, or thePUCCH brmat3 resourceO , or thePUCCH format4 resourceO

- elsef (OACK +0Ogz +Ocg + OCRC) > (M RF:;CCHCN o O\lsF;lrJrgcu%l dDm O)j and

scetrl

(Ouck *+Ou + Oy + e ¢ (MEEHONIE,  NZUSS, @, B) |, 0¢ j <J- 1, the UEtransmits a

scetrl

PUCCH conveyindtHARQ-ACK information,SR and CSI report($h a respective PUCCkWhere theJE
useshePUCCH formaf resource j +1, or thePUCCH format3 resource j +1, or thePUCCH format

4resource j +1

- else theUE useshe PUCCH formaf2 resourced - 1, or thePUCCH format3 resourced - 1, or thePUCCH

format4 resourced - 1 andthe UE seleat NE2°™ CSl report(s) for transission together with HARQ

ACK information andSR, when anyin ascendingpriority valueas described if6, TS 38.214]

else,the UEtransmits theO, ¢ +Ogg +Ocg + Ogre bits in a PUCCH resource provided pycchCSH
ResourceLisand determined as describeddlaused.2.5

If a UEhas HARQACK, SR andwideband or sulband CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 2, or the UE has HARQK, SR and wideband CSI reports [6, 38.214] to transmit
and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where

the UE determines the PUCCH resounsingthe PUCCH resource indicator field [5, TS 38.212] in adést
number ofDCI formas with a value of a PDSCHb-HARQ_feedback timing indicator fieldf present, or a
value ofdl-DataToUL-ACK, or a value ofll-DataToUL-ACKForDCIFormatl_2for DCI format 1 2, indicating
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and

a same slot for the PUCCH transmissifvamm a PUCCH resource set provided to the UE for HARCK
transmission, and

the UE determines the PUCCH resource seleasribed irClause9.2.1 andClause9.2.3 for O,., UCI bits

it (Oacx *+Osp *+ Oy pata* Ocriccsrpars) ¢ MESSSHENEE, ONEUSSH, ), G , the UEtransmissthe HARQACK,
SR and CSlreportshits by selecting the minimum numbd ;5 of the M 5" PRBs satisfying

(Oack +Osn + Ocey parts* Ocmeicsrpars) € MESSSHANES ONPUSH, (). G as described ilause 9.2.3 and
9.25.1

total

else the UE selest N&2°"™ CSI report(s) from the N, CSI reportsfor transmission together with HARQ
ACK andSR in ascendingriority value [6, TS 38.214}where the value oNSE’"® satisfies

é N reported 6
csl
= 0 PUCCH 4 RB n(PUCCH iy (3
gACK +OSR ta OCSI-partln +OCRC,CS|-pan1N 6¢ M RB CNscptrl CNsyrrb-UCI @m @ and
Q n=1 -
a Neg g PUCCH A\ RB ¢4 PUCCH iy g5
a%)ACK +Osz + @ Ocsipartin +OCRC,CSI-panlN+l('j> Meg ™ Neeon Neyrpuer @ @, where OCRC,CSI—parth Isa

8

n=1

N reported
csl

number of CRC bits corresponding @, +Osx + 8 Ocsipartin UCI bits, andOCRcvcs,._pamNﬂ is anumber
n=1

reponed+
NCS\ 1

of CRC bits corresponding 0« +Osg + & Ocgyparsn UCH bits.
n=1

If a UEis provideda first interlace ofi { £ & £ § PRB&y-interlace0in InterlaceAllocationr16, the UEhasHARQ-

ACK, SR and wideband or sthiand CSI reports to transméind the UE determines a PUCCH resource with PUCCH
format 2, or the UE has HARBCK, SR and widband CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 3, where

and

the UE determines the PUCCH resousingthe PUCCH resource indicator field in a last of a number of DCI
formats witha value of a PDSCib-HARQ_feedback thing indicator field indicating a same slot for the
PUCCH transmissiorfrom a PUCCH resource set provided to the UE for HARCK transmission, and

the UE determines the PUCCH resource seleasribed irClause 9.2.1 and 9.2.3 fais 4 {JCI bits

. o o I % I PUCC " RB ""PUCC ot oy o
if Oack Usr Ucsipart¥crc, gart 1V nter Uasme,‘;:ﬁsrylruc'?[u ti, the UE transmgthe

HARQ-ACK, SR and CSlreportshitsin a PUCCH over the first interlace

else,if the UE is provided second interlace &f 7 ¢ ¢ "PRBsby interlacelin PUCCH-format2or PUCCH-
format3and if Gpock Usr Ucspart@crc, part1 O Cater g’ape?,tcecert‘!;’st, tJ.QSF;yLIJnCt:b%&U ti,
the UE transmgthe HARQ-ACK, SR, and CSlreportshitsin a PUCCH over both the first and second
interlaces

else the procedure is same as the corresponding one when the UE is pMiG&H Resourc&et by replacing

0 g ©With O 7 7'C¢ 1 ok, ifdhey UE is provideihterlacel byd 7' ¢ Dée e i ace, 1

If a UEhas HARQACK, SR and sutband CSI reports to transmit and the UE determines a PUCCH resource with
PUCCH format 3 or PUCCH format 4, where

the UE determines the PUCCH resounsingthe PUCCH resource indicator field [5, TS 38.212] in adést
number ofDCI formas with a value of a PDSClb-HARQ_feedback timing indicator field indicating a same
slot for the PUCCH transmissiofipm a PUCE1 resource set provided to the UE for HAREK transmission,
and
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- the UE determines the PUCCH resource seleasribed irClause9.2.1 andClause9.2.3 for O, UCI bits

and

- if (Ouek *+Os + Ocg + Ocre) € METCHONE ONSUCSH, @), O , the UE transmitthe HARQACK, SR andhe
Nes CSlreport bitsby selecting the minimum numbf 255 of PRBs from theM 75 “" PRBs satisfying

(Oack +Osg +Ocsy +Ocre) ¢ Migoer ONSS  ONDUETH, @@, @ as described iGlauss9.2.3and9.2.5.1
- else

- iffor N&&oe; >0 Part 2CSlreportpriority valugs), it is

N 4 PUCCH (JRB ¢ PUCCH & s 8 3 ; G
A Ocsipanan * Ocrecsiparan ¢ g/l re  Nseern Neyapici - ?‘\CK *Osz + @ Ocstpanan OCRQCS"Pa'ﬂg (Qm Q)L‘jﬁ@m o
n=1 n=l . H :

Q . =

and

Q

ported Ao

N?swrpanz a &4 N ‘x:on'al ﬂg
- PUCCH A\ |RB A)\|PUCCH A - A O/ A
a OCSI-panZn + OCRC,CS|-pan2N+1 > g’l RB O‘Iscmrl CNsynbUCI - ea@ACK +Ox* A OCSI-panln + OCRC,CSI-panl" (Qm O)Eo’@m o
n=1 N~

c % n=1 :

O:00

the UE selectthe first Né‘;ﬁfjﬁz Part 2CSlrepors, according taespectivepriority valugs) [6, TS 38.214]

for transmission together withe HARQ-ACK, SRand Ng; Part 1CSI reports where Ocg pansn iS the
number ofPart 1CSI report bits for then,, CSI reportand Ocg, panzn 1S the number oPart 2CSI report bits

reported
Nesi-parz

for the n,, CSI reportpriority valug Ocrccsparzn 1S @ NUMber of CRC bits corresponding g O,

n=1

Sl-part2n ?

reported
Nediparat1

and OCRC,CS._panzNﬂ is a number of CRC bits corresponding t@ O,
n=1

Sl-part2n

- else,the UEdrops allPart 2CSI reports andelecs Nigoar Part 1CSIreport(s) from the N&&' CSI reports

in ascendingpriority value [6, TS 38.214For transmission together withe HARQ-ACK andSR

informationbits wherethe value ongeSplf’g‘:rfl satisfies

reported ~
CSl-partl

T 0 PUCCHARB  A\|PUCCH /iy (5
hek TOrt A OCSI—panln +OCRC,CSI-parth é¢ Mgg CNscml cNsymbua @,® and

n=1
Nreported g 6
o 0 PUCCH | RB ¢ |PUCCH i 5
ack T OSR +a OCSI-partln + OCRC,CSI-pan1N+1 ()> M RB CNscptrI CNSlebUCI @m Q@ , where OCRC,CSI-panlN IS
n=1 .

© B B

N reported
CSl-partl

a number of CRC bits corresponding@c« *Ox + & Ocsi-partin UCI bits,and OCRC,CSLpanlNﬂ is a
n=1

reported +1
CSl-partl

number of CRC bits corresponding @« +Ox + & Ocsi-partn UCH bits.
n=1

If a UEis provideda first interlace ob f?gﬁéPﬁﬁgwrjnterlaceOin InterlaceAllocationrl6, the UEhasHARQ-

ACK, SR and sulband CSI reports to transmit, and the UE determines a PUC@Hrrceswith PUCCH format 3,
where

- the UE determines the PUCCH resouwsengthe PUCCH resource indicator field in a last of a number of DCI
formatsthat have a value of a PDS@bHARQ_feedback timing indicator field indicating a same slot for the
PUCCH transmissiorfrom a PUCCH resource set provided to the UE for HARCK transmission, and
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and

the UE determines the PUCCH resource seleasribed irClauses 9.2.1 and 9.2.3 fafs 4 JCI bits

if Oack Usr UOcsi Ucrc OFncertilim tleymect0 ti,the UE transmitthe HARQACK, SR
andthe (3¢ 2 ,'CSIreport bitsin a PUCCH over the first interlace
elseif the UE is provided second interlace &f” ;€ & fPRBsby interlacelin PUCCHformat3andif

Oack Usr Ucsi Ucre OFRcet Diarerithee, tidylmct0 ii,the UE transmithe
HARQ-ACK, SR and CSlreportshitsin a PUCCH over both the first and second intedace

else, the procedure is same as the corresponding one when the UE is ppal@eld ResourceSdty replacing

0 &g CCWith o 7 E S H or, ifdhey UE is providethterlacel with 0 PV C S, D e Cafl ace. 1

Table 9.2.5.2-1: Coderate I' corresponding to value of maxCodeRate

maxCodeRatd Code rate I

0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

~NOO|AR|WIN|FL|O

9.2.6 PUCCH repetition procedure

epeat

For PUCCH formats 1, 3, or,4 UE can be configured a number of sla¥g,)-c,, for repetitionsof a PUCCH
transmission by respectiveofSlots

repeat
For Npjccn>1,

the UE repeatshe PUCCHransmissiowith the UCI overNS e slots

a PUCCH transmission in each of tN&*%  slotshasa same number of ceecutive symba| as provided by
nrofSymbolsn PUCCH-formatl, nrofSymbolsn PUCCH-format3, or nrofSymbolsn PUCCH-format4

a PUCCH transmission in each of tN&*%  slotshas a samérst symbol, as provided bstartingSymbolindex
in PUCCH-formatl, startingSymbolindein PUCCH-forma, or startingSymbolindein PUCCH-format4

the UE is configured binterslotFrequencyHoppinghether or not to perform frequency hopping for PUCCH
transmissions in different slots

- if the UE is configued to perform frequency hopping for PUCCH transmisseamesdifferent slots
- the UE performs frequency hopping per slot

- the UE transmits the PUCCH starting from a first PRB, providesténgingPRB in slots with even
number and starting from thecgand PRB, provided bgecondHoPRB in slots with odd number. The
slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the

UE transmits the PUCCH N2 slots is counted regardless of whether or not the UBrnis the
PUCCH in the slot

- the UEdoesnot expect to be configured to perform frequency hopping for a PUCCH transmission within
a slot
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