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Foreword

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

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

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

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

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

The present document specifies and establishes the characteristics of the physical layer procedures for control
operationsin 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: "Vocabulary for 3GPP Specifications'

[2] 3GPP TS 38.201: "NR; Physical Layer — General Description”

[3] 3GPP TS 38.202: "NR; Services provided by the physical layer”

[4] 3GPP TS 38.211: "NR; Physical channels and modulation"

[5] 3GPP TS 38.212: "NR; Multiplexing and channel coding"

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

[7] 3GPP TS 38.215: "NR; Physical layer measurements’

[8-1] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”

[8-2] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2
Standalone’

[8-3] 3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1
and Range 2 Interworking operation with other radios’

[9] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception”

[10] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

[11] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”

[12] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”

[13] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’

[14] 3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access

Control (MAC) protocol specification”

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin [1, TR 21.905] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in[1, TR 21.905]. A
parameter referenced initalics is provided by higher layers.
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3.2

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

Symbols

3.3

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

Abbreviations

BPRE
BWP
CB
CBG
CCE
CORESET
cP
CRC
csl
Css
DAI
DC
DCI
DL
DL-SCH
EPRE
EN-DC
FR1
FR2
GSCN
HARQ-ACK
MCG
MCS
NE-DC
NR-DC
PBCH
PCell
PDCCH
PDSCH
PRACH
PRB
PRG
PSCell
PSS
PUCCH
PUCCH-SCell
PUSCH
QCL
RB

RE
RLM
RRM
RS
RSRP
SCG
scs
SFN
SLIV
SPS
SR

SR

Bits per resource element
Bandwidth part

Code block

Code block group

Control channel element

Control resource set

Cyclic prefix

Cyclic redundancy check
Channel state information
Common search space

Downlink assignment index

Dual connectivity

Downlink control information
Downlink

Downlink shared channel

Energy per resource element
E-UTRA NR dua connectivity with MCG using E-UTRA and SCG using NR
Frequency range 1

Freguency range 2

Global synchronization channel number
Hybrid automatic repeat request acknowledgement
Master cell group

Modulation and coding scheme
E-UTRA NR dual connectivity with MCG using NR and SCG using E-UTRA
NR NR dual connectivity
Physical broadcast channel
Primary cell

Physical downlink control channel
Physical downlink shared channel
Physical random access channel
Physical resource block

Physical resource block group
Primary secondary cell

Primary synchronization signal
Physical uplink control channel
PUCCH SCell

Physical uplink shared channel
Quasi co-location

Resource block

Resource element

Radio link monitoring

Radio resource management
Reference signal

Reference signal received power
Secondary cell group

Subcarrier spacing

System frame number

Start and length indicator value
Semi-persistent scheduling
Scheduling request

SRS resource indicator
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SRS Sounding reference signal

SSS Secondary synchronization signal

TA Timing advance

TAG Timing advance group

TCI Transmission Configuration Indicator
UcCl Uplink control information

UE User equipment

UL Uplink

UL-SCH Uplink shared channel

uUss UE-specific search space

ETSI
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4 Synchronization procedures

4.1 Cell search

Cell search isthe procedure for a UE to acquire time and frequency synchronization with a cell and to detect the
physical layer Cell 1D of the cell.

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

A UE assumes that 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 block. The UE assumesthat SSS, PBCH DM-RS, and
PBCH data have same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is
either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the
ratio of PDCCH DMRS EPRE to SSS EPRE iswithin -8 dB and 8 dB when the UE monitors PDCCHs for a DCI
format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI.

For a half frame with SSYPBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined
according to the SCS of SS/PBCH blocks as follows, where index O corresponds to the first symbol of thefirst dotina
half-frame.

- Case A - 15kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of {2,8}+14-n. For
carrier frequencies smaller than or equal to 3 GHz, n=0,1. For carrier frequencies within FR1 larger than 3
GHz, n=0,1,2,3.

- CaseB - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20}+ 28-n.. For

carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies within FR1 larger than 3 GHz,
n=0,1.

- Case C - 30 kHz SCS: the first symbols of the candidate SSYPBCH blocks have indexes {2,8}+14-n.

- For paired spectrum operation

- For carrier frequencies smaller than or equal to 3 GHz, n=0,1. For carrier frequencies within FR1 larger
than3GHz, n=0,1,2,3.

- For unpaired spectrum operation

- For carrier frequencies smaller than or equal to 2.4 GHz, n=0,1. For carrier frequencies within FR1
larger than 2.4 GHz, n=0,1, 2, 3.

- CaseD - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20}+28-n.
For carrier frequencieswithin FR2, n=0,1, 2,3,5,6, 7,8,10,11,12,13 15,16,17,18.

- CaseE - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes
{8,12,16, 20, 32, 36, 40, 44}+56-n . For carrier frequencies within FR2, n=0,1,2,3 5,6,7,8.

From the above cases, if the SCS of SS/PBCH blocksis not provided by sshSubcarrier Spacing, the applicable cases for
acell depend on arespective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case
appliesfor all SS/PBCH blocks on the cell. If a 30 kHz SS/PBCH block SCSisindicated by sshSubcarrier Spacing,
Case B appliesfor frequency bands with only 15 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1], and the
case specified for 30 kHz SS/PBCH block SCSin [8-1, TS 38.101-1] applies for frequency bands with 30 kHz
SS/PBCH block SCS or both 15 kHz and 30 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1]. For aUE
configured to operate with carrier aggregation over a set of cellsin a frequency band of FR2 or with frequency-
contiguous carrier aggregation over a set of cellsin afrequency band of FR1, if the UE is provided SCS values by
sshSubcarrier Spacing for receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the SCS
valuesto be same.
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The candidate SS/PBCH blocksin a half frame are indexed in an ascending order intimefromOto L., —1. A UE
determinesthe 2 LSB bits, for L, =4, or the 3 LSB bits, for L, >4, of aSSPBCH block index per half frame from
aone-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For L, =64, the UE

determines the 3 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits a3, , 35 4,35,, as
described in [5, TS 38.212].

A UE can be provided per serving cell by ssb-periodicityServingCell a periodicity of the half frames for reception of the
SS/PBCH blocks for the serving cell. If the UE is not configured a periodicity of the half frames for receptions of the
SS/PBCH blocks, the UE assumes a periodicity of a half frame. A UE assumes that the 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.

Upon detection of a SS/PBCH block, the UE determines from MIB that a CORESET for Type0-PDCCH CSS s, as
described in Subclause 13, ispresent if ke <23 [4, TS 38.211] for FR1 or if ke <11 for FR2. The UE determines

from MIB that a CORESET for TypeO-PDCCH CSS set is not present if ke, >23 for FR1 or if kg, >11 for FR2; the
CORESET for Type0-PDCCH CSS set may be provided by PDCCH-ConfigCommon.

For a serving cell without transmission of SSYPBCH blocks, a UE acquires time and frequency synchronization with the
serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, of the cell group for the serving
cell.

4.2 Transmission timing adjustments

A UE can be provided avalue N, ., Of atiming advance offset for aserving cell by n-TimingAdvanceOffset for the

serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value
N1aoi Of thetiming advance offset for the serving cell as described in [10, TS 38.133].

If aUE is configured with two UL carriers for a serving cell, a same timing advance offset value N, ., appliesto
both carriers.

Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH
transmission on all the serving cellsin the TAG based on avalue N, . that the UE expects to be same for all the

serving cellsin the TAG and based on the received timing advance command where the uplink timing for
PUSCH/SRS/PUCCH transmissions is the same for all the serving cellsin the TAG.

For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum
transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates
ul-TimingAlignmentEUTRA-NR as 'required’ and uplink transmission timing based on timing adjustment indication for a
TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission
timing for PUSCH/SRS/PUCCH transmission on al serving cells part of the band with the synchronous contiguous
intra-band EN-DC based on timing adjustment indication for aTAG from a serving cell in MCG in the band. The UE is
not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time,

even partially, with random access preamble transmitted in another CG.

For aSCSof 2“-15 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to
the current uplink timing for the TAG in multiples of 16-64-T, / 2“ . The start timing of the random access preambleis
described in [4, TS 38.211].

In case of random access response, a timing advance command [11, TS 38.321], T, , foraTAG indicates N, values
by index valuesof T, =0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of 2“ -15 kHz

is N, =T, -16-64/2“ . N,, isdefinedin[4, TS 38.211] and isrelative to the SCS of the first uplink transmission
from the UE after the reception of the random access response.
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In other cases, atiming advance command [11, TS 38.321], T, , for aTAG indicates adjustment of a current N,

vaue, Ny, ,4,tothenew N, value N by index valuesof T, =0, 1, 2,..., 63, where for aSCS of 2 -15 kHz,

Nra new = Nra gt (TA - 31) -16- 64/2/1 .

If a UE has multiple active UL BWPs, as described in Subclause 12, in asame TAG, including UL BWPsin two UL
carriers of a serving cell, the timing advance command value is relative to the largest SCS of the multiple active UL
BWPs. The applicable N value for an UL BWP with lower SCS may be rounded to align with the timing

advance granularity for the UL BWP with the lower SCS while satisfying the timing advance accuracy reguirementsin
[10, TS38.133].

TA_new !

TA_new

Adjustment of an N, value by apositive or a negative amount indicates advancing or delaying the uplink
transmission timing for the TAG by a corresponding amount, respectively.

For atiming advance command received on uplink slot N and for a transmission other than a PUSCH scheduled by a
RAR UL grant as described in Subclause 8.3, the corresponding adjustment of the uplink transmission timing applies
from the beginning of uplink slot N+k+1 where k= ’_Njc’,'f"a”‘e’” : (NT11+ Ny, + Nipa e +0.5)/TSf -‘ , N;, isatime
duration in msec of N, symbols corresponding to a PDSCH processing time for UE processing capability 1 when
additional PDSCH DM-RSis configured, N, isatimedurationin msec of N, symbols corresponding to a PUSCH
preparation time for UE processing capability 1 [6, TS 38.214], N is the maximum timing advance value in msec

TA,max

that can be provided by a TA command field of 12 bits, N3&™™# jsthe number of slots per subframe, and T, isthe
subframe duration of 1 msec. N; and N, are determined with respect to the minimum SCS among the SCSs of all
configured UL BWPsfor all uplink carriersinthe TAG and of al configured DL BWPs for the corresponding downlink
carriers. For 4 =0, the UE assumes N, , =14 [6, TS38.214]. Slot N and N3y are determined with respect to the
minimum SCS among the SCSs of all configured UL BWPsfor all uplink carriersinthe TAG. N;, .., is determined

with respect to the minimum SCS among the SCSs of al configured UL BWPsfor all uplink carriersin the TAG and
for all configured initial UL BWPs provided by initialUplinkBWP. The uplink slot N isthe last dot among uplink
dot(s) overlapping with the dot(s) of PDSCH reception assuming T, = 0, where the PDSCH provides the timing
advance command and T, isdefined in [4, TS 38.211].

If a UE changes an active UL BWP between a time of atiming advance command reception and a time of applying a
corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value
based on the SCS of the new active UL BWP. If the UE changes an active UL BWP after applying an adjustment for
the uplink transmission timing, the UE assumes a same absol ute timing advance command value before and after the
active UL BWP change.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as described in [10, TS 38.133], the UE changes N, accordingly.

If two adjacent slots overlap due to a TA command, the latter ot is reduced in duration relative to the former dlot.

4.3 Timing for secondary cell activation / deactivation

With reference to dots for PUCCH transmissions, when a UE receivesin a PDSCH an activation command [11, TS
38.321] for a secondary cell ending in slot n, the UE applies the corresponding actionsin [11, TS 38.321] no later than

the minimum requirement defined in [10, TS 38.133] and no earlier than slot N+k, except for the following:

- theactions related to CSI reporting on aserving cell that is activein slot N+k

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
appliesinslot n+k

- theactions related to CSI reporting on a serving cell which is not active in slot n+Kthat the UE appliesin the
earliest slot after N+K in which the serving cell is active.

Thevalueof K is k, +3- NS#rame# 11 where k, isanumber of slots for aPUCCH transmission with HARQ-ACK
information for the PDSCH reception and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the

ETSI



3GPP TS 38.213 version 15.7.0 Release 15 12 ETSI TS 138 213 V15.7.0 (2019-10)

DCI format scheduling the PDSCH reception as described in Subclause 9.2.3 and N3¥™™# js a number of slots per
subframe for the SCS configuration u of the PUCCH transmission.

With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a
secondary cell ending in slot N, the UE applies the corresponding actionsin [11, TS 38.321] no later than the minimum
requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell

which the UE appliesin slot n+K.

If the sCellDeactivationTimer associated with the secondary cell expiresin dot N, the UE applies the corresponding
actionsin [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions
related to CSI reporting on an activated serving cell which the UE appliesin the first slot that is after slot

n+ 3. Neframe« where 4 isthe SCS configuration for PDSCH reception on the secondary cell.

slot

5 Radio link monitoring

The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-
sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than
the active DL BWP, as described in Subclause 12, on the primary cell. If the active DL BWP istheinitial DL BWP and
for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Subclause 13, the UE is expected to
perform RLM using the associated SS/PBCH block when 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 parameter rIf-TimersAndConstants is
provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is
monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to
monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell.

A UE can be configured for each DL BWP of a SpCell [11, TS 38.321] with a set of resource indexes, through a
corresponding set of RadioLinkMonitoringRS, for radio link monitoring by failureDetectionResources. The UE is
provided either a CSI-RS resource configuration index, by csi-RS-Index, or a SS/PBCH block index, by ssb-Index. The
UE can be configured withup to N, ., RadioLinkMonitoringRSfor link recovery procedures, as decribed in

Subclause 6, and for radio link monitoring. Fromthe N _ v RadioLinkMonitoringRS, up to Ng, ,,
RadioLinkMonitoringRS can be used for radio link monitoring depending on a maximum number L __ of candidate

SS/PBCH blocks per half frame as described in Subclause 4.1, and up to two RadioLinkMonitoringRS can be used for
link recovery procedures.

If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include
one or more of a CSI-RS

- the UE usesfor radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active
TCI state for PDCCH reception includes only one RS

- if theactive TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6,
TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS
to have QCL-TypeD

- the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS

- For L., =4, the UE selectsthe N, ,, RS provided for active TCI states for PDCCH receptionsin CORESETSs

associated with the search space setsin an order from the shortest monitoring periodicity. If more than one
CORESET s are associated with search space sets having same monitoring periodicity, the UE determines the
order of the CORESET from the highest CORESET index as described in Subclause 10.1.

A UE does not expect to use more than N, ,, RadioLinkMonitoringRSfor radio link monitoring when the UE is not
provided RadioLinkMonitoringRS.

Vauesof Nz gy @d Ny, for different valuesof L . aregivenin Table5-1.
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Table 5-1: N s nu @nd Ng,, as afunction of maximum number L__ of SS/PBCH blocks per half

frame
Lmax NLR—RLM NRLM
2 2
6 4
64 8 8

For a CSI-RS resource configuration, power Control OffsetSSis not applicable and a UE expects to be provided only
'noCDM"* from cdm-Type, only ‘one’ and 'three’ from density, and only '1 port' from nrofPorts[6, TS 38.214].

If aUE is configured with multiple DL BWPsfor a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexes provided by RadioLinkMonitoringRS for the active DL BWP or, if RadioLinkMonitoringRSis not
provided for the active DL BWP, using the RS(s) provided for the active TCI state for PDCCH receptionsin
CORESETs on the active DL BWP.

In non-DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qou and Qin) configured by
riminSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest
periodicity for radio link monitoring resources and 10 msec.

In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qou and Qin) provided by
rImlnSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest
periodicity for radio link monitoring resources and the DRX period.

The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers
when the radio link quality is worse than the threshold Qo for all resources in the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Qinfor any resource in the set of resources for radio
link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to
higher layers.

6 Link recovery procedures

A UE can be provided, for each BWP of aserving cell, aset g, of periodic CSI-RS resource configuration indexes by
failureDetectionResources and a set @, of periodic CSI-RS resource configuration indexes and/or SSYPBCH block

indexes by candidateBeamRSList for radio link quality measurements on the BWP of the serving cell. If the UE is not
provided failureDetectionResour ces, the UE determines the set g, to include periodic CSI-RS resource configuration

indexes with same values as the RS indexes in the RS sets indicated by TCI-Sate for respective CORESET s that the UE
uses for monitoring PDCCH and, if there are two RS indexesin a TCI state, the set @, includes RS indexes with QCL-

TypeD configuration for the corresponding TCI states. The UE expectsthe set G, to include up to two RS indexes. The
UE expectssingle port RSintheset qj .

The thresholds Qou,L.r @nd Qin,Lr correspond to the default value of riminSyncOutOfSyncThreshold, as described in [10,
TS 38.133] for Qout, and to the value provided by rsrp-ThresholdSSB, respectively.

The physical layer in the UE assesses the radio link quality according to the set g, of resource configurations against
the threshold Qout Lr. FOr the set T, , the UE assesses the radio link quality only according to periodic CSI-RS resource

configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of
PDCCH receptions monitored by the UE. The UE applies the Qinr threshold to the L1-RSRP measurement obtained
from a SS/PBCH block. The UE applies the Qinr threshold to the L 1-RSRP measurement obtained for a CSI-RS
resource after scaling a respective CSI-RS reception power with avalue provided by power Control OffsetSS,

In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link
quality for all corresponding resource configurationsin the set g, that the UE uses to assess the radio link quality is

worse than the threshold Qout,Lr. The physical layer informs the higher layers when the radio link quality is worse than
the threshold Qout,.r With a periodicity determined by the maximum between the shortest periodicity among the periodic
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CSI-RS configurations and/or SS/PBCH blocksin the set @, that the UE usesto assessthe radio link quality and 2

msec. In DRX mode operation, the physical layer provides an indication to higher layers when the radio link quality is
worse than the threshold Qou,Lr With a periodicity determined as described in [10, TS 38.133].

Upon request from higher layers, the UE providesto higher layers the periodic CSI-RS configuration indexes and/or
SS/PBCH block indexes from the set @, and the corresponding L 1-RSRP measurements that are larger than or equal to

the Qin,Lr threshold.

A UE can be provided a CORESET through alink to a search space set provided by recoverySearchSpaceld, as
described in Subclause 10.1, for monitoring PDCCH in the CORESET. If the UE is provided recoverySearchSpaceld,
the UE does not expect to be provided another search space set for monitoring PDCCH in the CORESET associated
with the search space set provided by recoverySearchSpacel d.

The UE may receive by PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in
Subclause 8.1. For PRACH transmissionin slot N and according to antenna port quasi co-location parameters
associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index 0, provided
by higher layers[11, TS 38.321], the UE monitors PDCCH in a search space set provided by recoverySearchSpaceld
for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot n+4 within a
window configured by BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set provided by
recoverySearchSpaceld and for corresponding PDSCH reception, the UE assumes the same antenna port quasi-
collocation parameters as the ones associated with index 0, until the UE receives by higher layers an activation for a
TCI state or any of the parameters tci-SatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseList. After the UE
detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by
recoverySearchSpacel d, the UE continues to monitor PDCCH candidates in the search space set provided by
recoverySearchSpaceld until the UE receivesaMAC CE activation command for a TCI state or tci-StatesPDCCH-
ToAddList and/or tci-SatesPDCCH-ToReleaselist.

After 28 symbols from alast symbol of afirst PDCCH reception in a search space set provided by
recoverySearchSpacel d for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and
until the UE receives an activation command for PUCCH-SpatialRelationlnfo [11, TS 38.321] or is provided PUCCH-
Spatial Relationlnfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission
using

- asame spatia filter as for the last PRACH transmission
- apower determined as described in Subclause 7.2.1 with g, =0, 0y =0, ,and | =0

After 28 symbols from alast symbol of afirst PDCCH reception in a search space set provided by
recoverySearchSpaceld where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, the UE

assumes same antenna port quasi-collocation parameters as the ones associated with index (., for PDCCH
monitoring in a CORESET with index 0.

7 Uplink Power control

Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions.

A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all
PUSCH/PUCCHY/SRS transmissions as described in Subclauses 7.1.1, 7.2.1, and 7.3.1.

A PUSCH/PUCCH/SRS/PRACH transmission occasion | is defined by a slot index rﬁff within a frame with system
frame number SN, afirst symbol S within the slot, and a number of consecutive symbols L.

7.1 Physical uplink shared channel

For a PUSCH transmission on active UL BWP b, as described in Subclause 12, of carrier f of servingcell C, aUE

first calculates alinear value ISPUSCHYbyf‘C(i, j,0q,1) of the transmit power Poygep 1 c(iy1,0g,1), with parameters as
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defined in Subclause 7.1.1. For a PUSCH transmission scheduled by a DCI format O_1 or configured by
ConfiguredGrantConfig or semiPersistentONnPUSCH, if txConfig in PUSCH-Config is set to ‘codebook’ and each SRS
resource in the SRS-ResourceSet with usage set to ‘codebook' has more than one SRS port, the UE scales the linear
value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number
of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on
which the UE transmits the PUSCH with non-zero power.

7.1.1 UE behaviour

If a UE transmits a PUSCH on active UL BWP b of carrier f of serving cell C using parameter set configuration
withindex j and PUSCH power control adjustment state with index | , the UE determines the PUSCH transmission
power Physciip, (i J,0y,1) in PUSCH transmission occasion i as

PCMAX,f,c(i)!

Po puscrp, 1c (1) + 10l0g,,(2“ - M Rpgi(,::'c )+ (1) Ply s c(Ag) + Arpp e () + Fo o (] )}
[dBm]

Pruschp, 1c (15 1,0q,1) = mi n{

where,

- Powax.t (i) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and
[8-3, TS38.101-3] for carrier f of serving cell C in PUSCH transmission occasion | .

- By puscr 1 .c(J) isaparameter composed of the sum of acomponent Py, yominar pusch, e (1) and acomponent
Po.ue puschp.f (1) where je fo,1,..,3-1}.

- If aUE isnot provided PO-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant as
described in Subclause 8.3, j=0, Py e puscrn,r,c(0) =0, and
Po nominaL_pusc 1.c(0) = Po pre + Apreaveie_wss » Where the parameter preambleReceivedTargetPower [11,

TS38.321] (for ) and msg3-DeltaPreamble (for Apgeavsi e wsgz) @€ provided by higher layers, or

PO_PRE

ApreavpLemsg =0 dB if msg3-DeltaPreambleis not provided, for carrier f of serving cell C

- For aPUSCH (re)transmission configured by ConfiguredGrantConfig, j =1, Py yowminaL puscr.f c(D is

provided by p0-Nominal\WithoutGrant, or R yowinacpuscrf.c (D = Fo_nominacpuscrs c (0) if pO-
NominalWithoutGrant is not provided, and Py, ¢ pysch 1.1 .c(1) IS provided by pO obtained from pO-PUSCH-
Alpha in ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetid to a set of PO-PUSCH-
AlphaSet for active UL BWP b of carrier f of serving cell C

- For je{2,..,3-1=S;,a Py yowmaL puscrsr < (J) value, applicableforal je S, isprovided by po-
NominalWithGrant, or Py yowmnaL pusch.s ¢ (1) = Po nominar puscr ¢ (0) if pO-Nominal WithGrant is not
provided, for each carrier f of serving cell Cand aset of Po_ue pusch .1 (1) values are provided by a set

of p0 in PO-PUSCH-AlphaSet indicated by a respective set of p0-PUSCH-AlphaSetid for active UL BWP b
of carrier f of servingcell C

- If the UE isprovided by SRI-PUSCH-PowerControl more than one values of p0-PUSCH-AlphaSetid and
if DCI format 0_1 includes a SR field, the UE obtains a mapping from sri-PUSCH-PowerControlld in
SRI-PUSCH-PowerControl between a set of values for the SRI field in DCI format 0_1 [5, TS 38.212]
and a set of indexes provided by p0-PUSCH-AlphaSetid that map to a set of PO-PUSCH-AlphaSet values.
If the PUSCH transmission is scheduled by a DCI format 0_1 that includes a SRI field, the UE
determinesthe value of Py ¢ pysc 1.1 o (]) from the p0-PUSCH-AlphaSetid value that is mapped to the

SRI field value
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- If the PUSCH transmission is scheduled by a DCI format O_0 or by aDCI format 0_1 that does not
include a SR field, or if SRI-PUSCHPowerControl is not provided to the UE, j =2, and the UE

determines P, (j) fromthevalue of thefirst PO-PUSCH-AlphaSet in p0-AlphaSets

O_UE_PUSCH b, f,c

For Q1 (1)

For j =0, &, .(0) isavalue of msg3-Alpha, when provided; otherwise, ¢, ; .(0) =1

For j=1, &, .(1) isprovided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig

providing an index PO-PUSCH-AlphaSetid to a set of PO-PUSCH-AlphaSet for active UL BWP b of carrier
f of servingcell C

For je S;,asetof o, .(j) valuesare provided by aset of alpha in PO-PUSCH-AlphaSet indicated by a
respective set of p0-PUSCH-AlphaSetid for active UL BWP b of carrier f of servingcell C

- If the UE is provided SRI-PUSCH-PowerControl and more than one values of p0-PUSCH-AlphaSetid,
and if DCI format 0_1 includes a SR field, the UE obtains a mapping from sri-PUSCH-Power Controlld
in SRI-PUSCH-PowerControl between a set of values for the SRI field in DCI format 0_1 [5, TS 38.212]
and a set of indexes provided by p0-PUSCH-AlphaSetid that map to a set of PO-PUSCH-AlphaSet values.
If the PUSCH transmission is scheduled by a DCI format 0_1 that includes a SRI field, the UE
determinesthe values of ¢, ; .(j) from the pO-PUSCH-AlphaSetid value that is mapped to the SRI field

value

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by aDCI format 0_1 that does not
include a SR field, or if SRI-PUSCH-PowerControl is not provided to the UE, j=2, and the UE
determines «, ; .(j) fromthe value of the first PO-PUSCH-AlphaSet in p0-AlphaSets

M PUSCH

Reb 1 ¢ (1) isthebandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion | on active UL BWP b of carrier  of servingcell C and 44 isaSCS
configuration defined in [4, TS 38.211]

P

Ly, ¢ .(dy) isadownlink pathloss estimate in dB calculated by the UE using reference signal (RS) index 0y for

the active DL BWP, as described in Subclause 12, of carrier f of servingcell C

If the UE is not provided PUSCH-PathlossReferenceRS or before the UE is provided dedicated higher layer
parameters, the UE calculates PL, ; .(Qy) using a RS resource from the SS/PBCH block that the UE uses to

obtain MIB

If the UE is configured with a number of RS resource indexes, up to the value of maxNrofPUSCH-
PathlossReferenceRSs, and a respective set of RS configurations for the number of RS resource indexes by
PUSCH-Pathl ossReferenceRS, the set of RS resource indexes can include one or both of a set of SS/PBCH
block indexes, each provided by ssb-Index when a value of a corresponding pusch-Pathl ossReferenceRS-Id
maps to a SSY/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when
avalue of a corresponding pusch-Pathl ossReferenceRS-1d maps to a CSI-RS resource index. The UE
identifiesa RS resourceindex g, inthe set of RS resource indexes to correspond either to a SS/PBCH block
index or to a CSI-RS resource index as provided by pusch-PathlossReferenceRS-Id in PUSCH-
PathlossReferenceRS

If the PUSCH transmission is scheduled by a RAR UL grant as described in Subclause 8.3, the UE usesthe
same RS resource index g, asfor acorresponding PRACH transmission

If the UE is provided SRI-PUSCH-PowerControl and more than one values of PUSCH-
PathlossReferenceRS-1d, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-PUSCH-
Power Control between a set of values for the SRI field in DCI format 0_1 and a set of PUSCH-
PathlossReferenceRS-1d values. |f the PUSCH transmission is scheduled by a DCI format 0_1 that includes a
SRI field, the UE determines the RS resource index g, from the value of PUSCH-Pathl ossReferenceRS-Id
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that is mapped to the SR field value where the RS resource is either on serving cell C or, if provided, ona
serving cell indicated by a value of pathlossReferencelinking

- If the PUSCH transmission is scheduled by a DCI format 0_0, and if the UE is provided a spatial setting by
PUCCH-Spatial Relationlnfo for a PUCCH resource with a lowest index for active UL BWP b of each
carrier f and serving cell C, asdescribed in Subclause 9.2.2, the UE uses the same RS resource index g4
asfor aPUCCH transmission in the PUCCH resource with the lowest index

- If the PUSCH transmission is scheduled by aDCI format O_0 and if the UE is not provided a spatial setting
for aPUCCH transmission, or by aDCI format 0_1 that does not include a SRI field, or if SRI-PUSCH-

PowerControl is not provided to the UE, the UE determines a RS resourceindex g, with arespective

PUSCH-Pathl ossReferenceRS-1d value being equal to zero where the RS resource is either on serving cell C
or, if provided, on a serving cell indicated by a value of pathlossReferencelLinking

- For aPUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included
in ConfiguredGrantConfig , a RS resourceindex g, isprovided by avalue of pathlossReferencel ndex

included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell C or, if provided, on
aserving cell indicated by avalue of pathlossReferencelinking

- For aPUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-
ConfiguredUplinkGrant, the UE determines a RS resource index g, from avalue of PUSCH-
Pathl ossReferenceRS-I1d that is mapped to a SRI field value in a DCI format activating the PUSCH
transmission. If the DCI format activating the PUSCH transmission does not include a SRI field, the UE
determines a RS resource index g, with arespective PUSCH-PathlossReferenceRS-1d value being equal to
zero where the RS resource is either on serving cell C or, if provided, on aserving cell indicated by avalue
of pathlossReferencelLinking

PL, ¢ .(dy) = referenceSignal Power — higher layer filtered RSRP, where referenceSignal Power is provided by

higher layersand RSRP isdefined in [7, TS 38.215] for the reference serving cell and the higher layer filter
configuration provided by QuantityConfig is defined in [12, TS 38.331] for the reference serving cell

If the UE is not configured periodic CSI-RS reception, referenceS gnal Power is provided by ss-PBCH-
BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignal Power is provided either by ss-
PBCH-BlockPower or by powerControl OffsetSS providing an offset of the CSI-RS transmission power relative
to the SS/IPBCH block transmission power [6, TS 38.214]. If power Control OffsetSSis not provided to the UE,
the UE assumes an offset of 0 dB.

- ATF’b,f,C(i)=10Ioglo((ZBPREKS —1)-ﬁ§?§“) for Kg=1.25 and A, .(i)=0 for Kg=0 where Kg is provided
by deltaMCS for each UL BWP b of each carrier f and serving cell C. If the PUSCH transmission is over

more than one layer [6, TS 38.214], Ay, .(i)=0. BPRE and 35, for active UL BWP b of each carrier
f and each serving cell C, are computed as below

c-1
- BPRE=)
r=0

PUSCH without UL-SCH data, where

K. /Ny for PUSCH with UL-SCH dataand BPRE =Q, - R/ ™" for CSl transmission in a

- C isanumber of transmitted code blocks, K, isasizefor codeblock r , and N isanumber of

Nge o ()-1
resource elements determined as Nee = Mggoro () D NE%.(, ), where NESSH (i) isanumber
j=0
of symbols for PUSCH transmission occasion i on active UL BWP b of carrier f of servingcell C,
Niiata(i ,]) isanumber of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples[4,

TS38.211] in PUSCH symbol j, 0< j<N&22% (i), and C , K, aredefinedin[5, TS38.212]

- oot =1 when the PUSCH includes UL-SCH dataand gist = psat, asdescribed in Subclause 9.3,

offset offset

when the PUSCH includes CSI and does not include UL-SCH data
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Q,, isthe modulation order and R isthe target code rate, as described in [6, TS 38.214], provided by the
DCI format scheduling the PUSCH transmission that includes CSl and does not include UL-SCH data

For the PUSCH power control adjustment state f, , .(i,I) for active UL BWP b of carrier f of serving cell

C in PUSCH transmission occasion |

Opysc, .1 ¢ (1,1) isaTPC command value included in a DCI format 0_0 or DCI format 0_1 that schedules the

PUSCH transmission occasion | on active UL BWP b of carrier f of serving cell C or jointly coded with
other TPC commandsin aDCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in
Subclause 11.3

- 1e{0,1} if the UE is configured with twoPUSCH-PC-AdjustmentSates and | =0 if the UE is not

configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR
UL grant as described in Subclause 8.3

- For aPUSCH (re)transmission configured by ConfiguredGrantConfig, the value of | € {0,1} is
provided to the UE by power ControlLoopToUse

- If the UE is provided SRI-PUSCH-PowerControl, the UE obtains a mapping between a set of values
for the SRI field in DCI format 0_1 and the | value(s) provided by sri-PUSCH-ClosedLooplndex. If
the PUSCH transmission is scheduled by a DCI format 0_1 and if DCI format 0_1 includes a SRI

field, the UE determinesthe | value that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format O_0 or by aDCI format 0_1 that does not
include a SR field, or if a SRI-PUSCH-PowerContral is not provided to the UE, | =0

- |If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-
RNTI, the | valueis provided by the closed loop indicator field in DCI format 2_2

¢(D;)-1

- fp D) =1 (=i, D)+ Z5pusc»4,b,f,c(m:|) isthe PUSCH power control adjustment state | for active

m=0
UL BWP b of carrier f of serving cell C and PUSCH transmission occasion | if the UE is not provided
tpc-Accumulation, where

- The Opysonp, 1« Valuesaregivenin Table7.1.1-1

¢(D; -1

~ §PUSCH, b,f.c
cardinality ¢(D,) that the UE receives between Ko, (i —i,) —1 symbols before PUSCH transmission
occasion i —i, and K ey (i) Symbols before PUSCH transmission occasion | on active UL BWP b of
carrier f of serving cell C for PUSCH power control adjustment state | , where i, >0 isthe smallest
integer for which Kyq, (i —iy) Symbols before PUSCH transmission occasion i —i, isearlier than

K s (1) Symbols before PUSCH transmission occasion |

(m,1) isasumof TPC command valuesinaset D; of TPC command values with

- If aPUSCH transmission is scheduled by a DCI format 0_0 or DCI format 0_1, K,,q, (i) isanumber of

symbols for active UL BWP b of carrier f of servingcell C after alast symbol of acorresponding
PDCCH reception and before afirst symbol of the PUSCH transmission

- If aPUSCH transmission is configured by ConfiguredGrantConfig, K ey (i) isanumber of Kpjgep min
symbols equal to the product of a number of symbols per dat, S'?ﬁb, and the minimum of the values
provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of servingcell C
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- If the UE has reached maximum power for active UL BWPbD of carrier f of servingcell C at PUSCH
2(D;)-1
transmission occasion i —iy ad > Fpenp 1 (M) 20, then o (i,1)=f,; (i—iy.1)

m=0

- If UE has reached minimum power for active UL BWPD of carrier f of serving cell C at PUSCH
¢(D; -1
transmission occasion i —iy and " Spsap r (M) <O, then o (i,1)=f,  (i—io.))

m=0

- A UE resets accumulation of a PUSCH power control adjustment state | for active UL BWP b of carrier
f of servingcell C to fy ¢ .(k,1)=0,k=01,...i

- If aconfiguration for acorresponding Py (e puscrp 1 .c(]) valueisprovided by higher layers

- If aconfiguration for acorresponding ¢, ; .(j) valueis provided by higher layers

- If j>1 and the PUSCH transmission is scheduled by a DCI format 0_1 that includes a SRl field, and

the UE is provided higher SRI-PUSCH-Power Control, the UE determines the value of | from the
value of j based on an indication by the SRI field for a sri-PUSCH-PowerControlld val ue associated

with the sri-PO-PUSCH-AlphaSetld value corresponding to j and with the sri-PUSCH-
ClosedLoopl ndex value corresponding to |

- If j>1 and the PUSCH transmission is scheduled by a DCI format 0_0 or by aDCI format O_1 that
does not include a SRI field or the UE is not provided SRI-PUSCH-Power Control, | =0

- If j=1, | isprovided by the value of powerControl LoopToUse

- s c(i.1) = Onyscrp, 1 < (41) isthe PUSCH power control adjustment state for active UL BWP b of carrier f

of serving cell C and PUSCH transmission occasion | if the UE is provided tpc-Accumulation, where

= Opyscrp, 1o Absolute valuesare givenin Table 7.1.1-1

- If the UE receives arandom access response message in response to a PRACH transmission on active UL
BWP b of carrier f of serving cell C asdescribed in Subclause 8
where | =0 and

fo1c(0.1)=AR +96

ampup b, f ,.c msg2,b,f,c’

- 0
access response message corresponding to the PRACH transmission on active UL BWP b of carrier
f intheservingcell C, and

msg 26,1, 15@TPC command value indicated in the random access response grant of the random

1010g,,(2* - M it (0)

B APra.mpup,b,f,c =min < max 0’ PCMAX,f,c -t POfPUSCH,b,f,c (0) + ab,f,c (0) . PLc ’ AF)ra.mpuprecn&stecl,b,f,<:
A ST (0) R P
and AP, puprequesed b, 1 ¢ 1S Provided by higher layers and corresponds to the total power ramp-up

reguested by higher layers from the first to the last random access preamble for carrier f inthe
serving cell C, MEE.(0) isthe bandwidth of the PUSCH resource assignment expressed in number
of resource blocks for the first PUSCH transmission on active UL BWP b of carrier f of serving
cel C,and A, ¢ .(0) isthe power adjustment of first PUSCH transmission on active UL BWP b

of carrier f of servingcell C.
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Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2,
with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated &pygeyp 1 o

values or dgq, (. Values

TPC Command Field | Accumulated Spyseip tc OF Osrsp.rc [AB] | Absolute Spysmp,ic OF Osrsp. . [AB]
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 described in this subclause for both MCG and
SCG.

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

- When the procedures are applied for SCG, the term 'serving cell' in this subclause refers to serving cell
belonging to the SCG. The term 'primary cell' in this subclause refers to the PSCell of the SCG.

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

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

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

7.2.1 UE behaviour

If aUE transmits a PUCCH on active UL BWP b of carrier f inthe primary cell C using PUCCH power control
adjustment state with index |, the UE determines the PUCCH transmission power Puccyp ¢ o(i,0,.04.1) in PUCCH

transmission occasion | as

Fevax 1 (1),
Py puccp, £ ¢ (0,) +10l0g, (2 - M Figgf:f'—fc(i)) +PL, ¢ .(dy) +AF_PUCCH(F )+ Agpp it ()4 9y ¢ c(051)
[dBm]

Poucctip, 1 ¢ 20y, 0y, 1) = mi n{

where

Pewax, 1 (1) 1Sthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and
[8-3, TS38.101-3] for carrier f of servingcell C in PUCCH transmission occasion |

- Py pucchp. r.(Qy) isaparameter composed of the sum of acomponent R, oumac puccr » Provided by po-
nominal, or Py \oumaL puccs =0 dBmif pO-nominal is not provided, for carrier f of primary cell C and, if
provided, a component P, . mcq(d,) Provided by p0-PUCCH-Valuein PO-PUCCH for active UL BWP b of
carrier f of primary cell C, where 0<q, <Q, . Q, isasizeforasetof P, ¢ pyccy Values provided by
maxNrofPUCCH-PO-Per Set. The set of P, . oy  Valuesisprovided by pO-Set. If p0-Set is not provided to
the UE, PO_UE_PUCCH (qu) =0, 0< Qu < Qu

- If the UE is provided PUCCH-Spatial Relationl nfo, the UE obtains a mapping, by an index provided by pO-
PUCCH-Id, between a set of pucch-Spatial Relationlnfold values and a set of p0-PUCCH-Value values. If the
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UE is provided more than one values for pucch-Spatial Relationinfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-Spatial Relationlnfold, the UE determines the pO-
PUCCH-Value value through the link to a corresponding pO-PUCCH-Id index. The UE applies the activation

command in the first ot that is after slot k +3- NS2™# \here k isthe slot where the UE would transmit a
PUCCH with HARQ-ACK information for the PDSCH providing the activation command and # isthe SCS
configuration for the PUCCH

If the UE is not provided PUCCH-Spatial Relationlnfo, the UE obtains the pO-PUCCH-Value value from the
PO-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set

M PUCCH

rB.b.1 ¢ (1) isabandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion | on active UL BWP b of carrier f of servingcell C and # isaSCS
configuration defined in [4, TS 38.211]

P

Ly ¢ c(gq) isadownlink pathloss estimate in dB calculated by the UE using RS resource index gy as

described in Subclause 7.1.1 for the active DL BWP b of carrier f of the primary cell C as described in
Subclause 12

If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer
parameters, the UE calculates PL, , .(q,) using a RS resource obtained from the SS'PBCH block that the

UE usesto obtain MIB

If the UE is provided a number of RS resource indexes, the UE calculates PL, ; .(q,) using RSresource

withindex g, , where 0<q,; <Q,. Q, isasizefor aset of RSresources provided by maxNrofPUCCH-

PathlossReferenceRSs. The set of RS resourcesis provided by pathl ossReferenceRSs. The set of RS
resources can include one or both of a set of SS/PBCH block indexes, each provided by ssb-Index in
PUCCH-Pathl ossReferenceRS when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a
SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of
a corresponding pucch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE identifies a RS
resource in the set of RS resources to correspond either to a SS/PBCH block index or to a CSI-RS resource
index as provided by pucch-Pathl ossReferenceRS 1d in PUCCH-Pathl ossReferenceRS

If the UE is provided pathlossReferenceRSs and PUCCH-Spatial Relationlnfo, the UE obtains a mapping, by
indexes provided by corresponding values of pucch-PathlossReferenceRS-1d, between a set of pucch-

Spatial Relationl nfold values and a set of referenceSignal values provided by PUCCH-Pathl ossReferenceRS.
If the UE is provided more than one values for pucch-Spatial Relationlnfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-Spatial Relationlnfold, the UE determines the
referenceSgnal value in PUCCH-Pathl ossReferenceRS through the link to a corresponding pucch-
PathlossReferenceRS-1d index. The UE applies the activation command in the first slot that is after slot

k+3- NSwrame# \where K isthe slot where the UE would transmit a PUCCH with HARQ-ACK information

for the PDSCH providing the activation command and 4 isthe SCS configuration for the PUCCH

If PUCCH-Spatial Relationinfo includes servingCellld indicating a serving cell, the UE receives the RS for
resourceindex g, on the active DL BWP of the serving cell

If the UE is provided pathlossReferenceRSs and is not provided PUCCH-Spatial Relationlnfo, the UE obtains
the referenceSignal value in PUCCH-Pathl ossReferenceRS from the pucch-Pathl ossReferenceRS:-Id with
index 0 in PUCCH-Pathl ossReferenceRS where the RS resource is either on a same serving cell or, if
provided, on a serving cell indicated by avalue of pathl ossReferencelinking

The parameter Ag gccq(F) isavalue of deltaF-PUCCH-fO for PUCCH format O, deltaF-PUCCH-f1 for

PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for PUCCH format 3, and
deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise Ag pyceu(F) = 0.

Aqep 1 (i) isaPUCCH transmission power adjustment component on active UL BWP b of carrier f of

primary cell C
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- For aPUCCH transmission using PUCCH format 0 or PUCCH format 1,
PUCCH

. N, .
Aqep ¢ o(i) =10log;, W +Aya (i) where
Nwmb (I)

- N;‘fanCH (i) isanumber of PUCCH format O symbols or PUCCH format 1 symbolsincluded in a

PUCCH resource of a PUCCH resource set indicated by a value of a PUCCH resource indicator field in
DCI format 1_0 or DCI format 1_1, or provided by nrofSymbols in PUCCH-formatO or in PUCCH-
formatl respectively

N =2 for PUCCH format 0

- NE™"=Ngy, for PUCCH format 1

- Ayq(i)=0 for PUCCH format O

Ayg (i) =1010g,,(0yq (i)) for PUCCH format 1, where O, (i) isanumber of UCI bitsin PUCCH

transmission occasion |

- For aPUCCH 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,

Aqpp ¢ (i) =101 OglO(Kl : (nHARQACK (1) +0Ogx (1) +Ocg (i ))/ Nge (i )) , Where
- K,=6

Nuaro-ack () isanumber of HARQ-ACK information bits that the UE determines as described in

Subclause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Subclause 9.1.3.1 for Type-2
HARQ-ACK codebook. If the UE is not provided with pdsch-HARQ-ACK-Codebook, Nyaro ack (1) =1

if the UE includes aHARQ-ACK information bit in the PUCCH transmission; otherwise,
nHARQ-ACK (') =0

O (i) isanumber of SR information bits that the UE determines as described in Subclause 9.2.5.1

Oq (i) isanumber of CSI information bits that the UE determines as described in Subclause 9.2.5.2

- Nge(i) isanumber of resource elements determined as Nee(i) = Magp ¢ +()- Nooy (i) - NSoo o .0 (0) .

where NJ2, (i) isanumber of subcarriers per resource block excluding subcarriers used for DM-RS
transmission, and NZ20¢,, ¢ (i) isanumber of symbols excluding symbols used for DM-RS

transmission, as defined in Subclause 9.2.5.2, for PUCCH transmission occasion | on active UL BWP b
of carrier f of servingcell C

- For aPUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 11, Ay ¢ (i) =10Ioglo( 2K BPRED) —l) , Where

- K,=24

- BPRE(i)= (OACK (1) + Ogg (i) + Ocg (i) + Ocre (i))/NRE ()

- O, (i) isanumber of HARQ-ACK information bits that the UE determines as described in Subclause

9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Subclause 9.1.3.1 for Type-2 HARQ-ACK
codebook. If the UE is not provided pdsch-HARQ-ACK-Codebook, O, =1 if the UE includesa HARQ-

ACK information bit in the PUCCH transmission; otherwise, O, =0

- Og(i) isanumber of SR information bits that the UE determines as described in Subclause 9.2.5.1
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Oq (i) isanumber of CSI information bits that the UE determines as described in Subclause 9.2.5.2
Ocrc (i) isanumber of CRC bits that the UE determines as described in Subclause 9.2.5

Ne:(i) isanumber of resource elements that the UE determines as

Nee () = Mpa ot () Now (i) - Nomoein 1 () » where NZ% (i) isanumber of subcarriers per resource block
excluding subcarriers used for DM-RS transmission, and N5, ¢ (i) isanumber of symbols
excluding symbols used for DM-RS transmission, as defined in Subclause 9.2.5.2, for PUCCH
transmission occasion | on active UL BWP b of carrier f of serving cell C.

- For the PUCCH power control adjustment state g, ; .(i,l) for active UL BWP b of carrier f of primary cell C
and PUCCH transmission occasion |

Opucchip,t c(i»1) isaTPC command value and isincluded in aDCI format 1_0 or DCI format 1_1 for active

UL BWP b of carrier f of the primary cell C that the UE detects for PUCCH transmission occasion | or is

jointly coded with other TPC commandsin a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI
[5, TS36.212], as described in Subclause 11.3

- 1e{0,1} if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-Spatial Relationl nfo and
[ =0 if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-Spatial Relationlnfo

- If the UE obtainsa TPC command value fromaDCI format 1_0 or aDCl format 1_1 and if the UE is
provided PUCCH-Spatial Relationlnfo, the UE obtains a mapping, by an index provided by p0-PUCCH-
Id, between a set of pucch-Spatial Relationlnfold values and a set of values for closedLooplndex that

providethe | value(s). If the UE receives an activation command indicating a value of pucch-

Spatial Relationl nfold, the UE determines the val ue closedLoopl ndex that provides the value of | through
the link to a corresponding pO-PUCCH-Id index

- |If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-
RNTI, the | valueis provided by the closed loop indicator field in DCI format 2_2
2(C)-1

- Oprc) =0y —ig 1)+ Z(SPUCCHYbnyC(m,I) isthe current PUCCH power control adjustment state | for

m=0

active UL BWP b of carrier f of serving cell C and PUCCH transmission occasion | , where

- The Spycahp. 1. Valuesaregivenin Table7.1.2-1

c(C -1
- Z&PUCCH'b,f'C(m,I) isasum of TPC command valuesinaset C; of TPC command values with

m=0

cardinality ¢(C,) that the UE receives between K .., (i —i,) —1 symbols before PUCCH transmission

occasion i —i, and K p,eey (1) Symbols before PUCCH transmission occasion i on active UL BWP b of
carrier f of serving cell C for PUCCH power control adjustment state, where i, >0 isthe smallest
integer for which K,y (i —i,) Symbols before PUCCH transmission occasion i —i, is earlier than

K myeey (i) Symbols before PUCCH transmission occasion |

- If the PUCCH transmission isin response to a detection by the UE of a DCI format 1_0 or DCI format
1 1, Kpyeen (i) isanumber of symbols for active UL BWP b of carrier f of serving cell C after alast
symbol of a corresponding PDCCH reception and before afirst symbol of the PUCCH transmission

- 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, Kgjeey (i) isanumber of K., ., Symbolsequal to the product of anumber of symbols

per dlot, S"r’,ﬁb, and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL

BWP b of carrier f of serving cell C
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- If the UE has reached maximum power for active UL BWP b of carrier f of primary cell C at PUCCH
¢(Cc;)-1 . L
transmission occasion i —i, and > Spyeon b.r.(M1) 20, then gy (1,1) =gy ¢ (i —io,1)

m=0

- If UE has reached minimum power for active UL BWP b of carrier f of primary cell C at PUCCH
co(c)-1
transmission occasion i —i, and " Spequp 1 (M) <0, then g, ¢ (i,1) =gy ¢ (i —iol)

m=0

- If aconfiguration of & P, pycch b1 (d,) valuefor acorresponding PUCCH power control adjustment

state | for active UL BWP b of carrier f of serving cell C isprovided by higher layers,
- Oprckl)=0k=01..,i

If the UE is provided PUCCH-Spatial RelationInfo, the UE determinesthe value of | from the value
of g, based on a pucch-SpatialRelationInfold value associated with the p0-PUCCH-1d value

corresponding to g, and with the closedLooplndex value corresponding to | ; otherwise, 1 =0

- Elsg

- G c(O)=AP, o+, Where | =0, and d,; . isthe TPC command valueindicated in a
random access response grant corresponding to a PRACH transmission or is the TPC command value
inaDCI format with CRC scrambled by C-RNTI or MCS-C-RNTI that the UE detectsin afirst
PDCCH reception in a search space set provided by recoverySearchSpaceld if the PUCCH
transmission isafirst PUCCH transmission after 28 symbols from alast symbol of the first PDCCH
reception, and, if the UE transmits PUCCH on active UL BWP b of carrier f of serving cell C,

0,
BELLE S
APrarmeyb‘fycz mn PCMAX,f,c - 0?)7PUCCH,b,f,c + PLb,f,c(Gd ) +AF7PUCCH (F) +ATF,b,f,c + é;),f,c) ;
ARan“mpra:]ues[a:l,b, f.c
otherwise,
01

max y .

AP rpup.t ¢ =MIN Pemax.f.c — (PO_PUCCH,b,f,c +PL, ;. (Qd)) where AI:)rampuprequasted,b,f c IS

Apranpuprequasled,b, f.c
provided by higher layers and corresponds to the total power ramp-up requested by higher layers from
the first to the last preamble for active UL BWP b of carrier f of primary cell C, and
At pyeen(F) corresponds to PUCCH format 0 or PUCCH format 1

Table 7.2.1-1: Mapping of TPC Command Field in DCl format 1_0 or DCI format 1_1 or DCI format 2_2
with CRC scrambled by TPC-PUCCH-RNTI to accumulated 5PUCCHb,f,C values

TPC Command Field | Accumulated Jpjcqyp, 1 o [AB]
0 -1
1 0
2 1
3 3
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7.3 Sounding reference signals

For SRS, a UE splitsalinear value ﬁSRSbyf‘c(i,qs,I) of the transmit power Py, ¢ (i,0,1) onactive UL BWP b of
carrier f of serving cell C equally across the configured antenna ports for SRS.

7.3.1 UE behaviour

If aUE transmits SRS on active UL BWP b of carrier f of serving cell C using SRS power control adjustment
state with index | , the UE determines the SRS transmission power Py, ¢ (i,Gs,!) in SRS transmission occasion | as

PCMAX,f,c(D’

Persip, 1c (1,0s,1) =min . _ [dBm]
o Po srsb.f.c(0s) 710100,0(2 - Mg ¢ ¢ (1)) + Aspspp 1. (0s) - Pl ¢ (Qg) + hy ¢ (1)

where,

Powax, 1. (i) isthe UE configured maximum output power defined in [8, TS 38.101-1], [8-2, TS38.101-2] and
[TS38.101-3] for carrier f of serving cell C in SRS transmission occasion |

- Py srep1.c(0s) isprovided by pO for active UL BWP b of carrier f of serving cell C and SRS resource set
g, provided by SRS-ResourceSet and SRS-ResourceSetld

- Mggp ¢ (i) isaSRS bandwidth expressed in number of resource blocks for SRS transmission occasion i on
activeUL BWP b of carrier f of servingcell C and & isaSCS configuration defined in [4, TS 38.211]

- OtSRSb‘f‘C(CIS) is provided by alpha for active UL BWP b of carrier f of serving cell C and SRS resource set
Os

- PL,¢.(0y4) isadownlink pathloss estimate in dB calculated by the UE using RS resourceindex Oy as
described in Subclause 7.1.1 for the active DL BWP of serving cell C and SRS resource set 05 [6, TS 38.214].

The RS resource index Ch is provided by pathlossReferenceRS associated with the SRS resource set 05 andis
either a ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index

- If the UE is not provided pathlossReferenceRS or before the UE is provided dedicated higher layer
parameters, the UE calculates PL, , .(q,) using a RSresource obtained from the SS'PBCH block that the

UE usesto obtain MIB

- If the UE is provided pathlossReferencelLinking, the RS resource is on a serving cell indicated by a value of
pathl ossReferencelLinking

- For the SRS power control adjustment state for active UL BWP b of carrier f of serving cell Cand SRS
transmission occasion |

ho o o(i,1) = f,, . (i,1), where f, . (i,]) isthe current PUSCH power control adjustment state as described

in Subclause 7.1.1, if srs-Power Control AdjustmentStates indicates a same power control adjustment state for
SRS transmissions and PUSCH transmissions; or

e(§)1
- hy () =h (i—ig)+ D s (M) if the UEisnot configured for PUSCH transmissions on active UL

m=0
BWP b of carrier f of servingcell C, or if srs-Power Control AdjustmentStates indicates separate power

control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is
not provided, where
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- The Ogxgp ¢ ¢ VaUesaregivenin Table 7.1.1-1

- Ogrsp 1 ¢ (M) isjointly coded with other TPC commandsin a PDCCH with DCI format 2_3, as
described in Subclause 11.4

os)-

1
O, 1 (M) isasum of TPC command valuesinaset S; of TPC command values with cardinality

m=0

¢ (S, ) that the UE receives between K.i—i,)—1 symbols before SRS transmission occasion i —i, and
Kee(i) Symbols before SRS transmission occasion i on active UL BWP b of carrier f of serving cell

C for SRS power control adjustment state, where i, >0 isthe smallest integer for which Kgu(i —i,)
symbols before SRS transmission occasion i — i, isearlier than Kg4i) symbols before SRS transmission

occasion |

- if the SRStransmission is aperiodic, Kg«(i) isanumber of symbols for active UL BWP b of carrier f

of serving cell C after alast symbol of a corresponding PDCCH triggering the SRS transmission and
before afirst symbol of the SRS transmission

- if the SRS transmission is semi-persistent or periodic, Kg(i) isanumber of K symbols equal to

the product of a number of symbols per slot, N2, and the minimum of the values provided by k2 in

mb !

SRS, min

PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell C

- If the UE has reached maximum power for active UL BWP b of carrier f of serving cell Cat SRS
c(s)-1
transmission occasion i —i, and > Sgg g (M) 20, then hy (i) =h,; (i—i,)

m=0

- If UE has reached minimum power for active UL BWP b of carrier f of serving cell Cat SRS
c(s)-1
transmission occasion i —i, ad > gy, ¢ (M) <0, then h, (i) =h, (i-i,)

m=0

- If aconfiguration for a P,

s b, 1.0 (0s) valueorfora agg, . (q,) vauefor acorresponding SRS

power control adjustment state | for active UL BWP b of carrier f of serving cell Cisprovided by

higher layers
- h,(K=0k=01..i
- Hse
- h, Q=P+,
where

o, b,f,c iSthe TPC command value indicated in the random access response grant corresponding to
the random access preamble that the UE transmitted on active UL BWP b of carrier f of the
serving cell C, and

0,
m . )
AR roupp, 1. =M @{ Fowax,f.c ~ (PostS,b,f,c (0) +1010g;6(2* - Mgrgp, 1 c (1)) + G, 1.c(06) - Pl 1 (Gu))] ;
AP

rampupreqested,b, f ,c
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where AP isprovided by higher layers and corresponds to the total power ramp-up

rampuprequ ested ,b, f ,c
requested by higher layers from the first to the last preamble for active UL BWP b of carrier f of
serving cell C.

- h, ()=04,,.0) if the UE is not configured for PUSCH transmissions on active UL BWP b of carrier f
of serving cell C, or if srs-PowerControl AdjustmentStates indicates separate power control adjustment states
between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided, and the UE
detectsaDCI format 2_3 K o ., Symbols before afirst symbol of SRS transmission occasion I, where
absolute values of § areprovidedin Table 7.1.1-1

SRS, b, f,c

- if srs-Power Control AdjustmentStates indicates a same power control adjustment state for SRS transmissions
and PUSCH transmissions, the update of the power control adjustment state for SRS transmission occasion |
occurs at the beginning of each SRS resource in the SRS resource set g, ; otherwise, the update of the power

control adjustment state SRS transmission occasion | occurs at the beginning of the first transmitted SRS
resource in the SRS resource set q .

7.4 Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH), (i) , on active UL

PF‘RACH, b, f,c

BWP b of carrier f of serving cell Cbased on DL RSfor serving cell Cintransmission occasion | as

Pracry c()=mi r{PCMAXf <) Pracragerc + Pl ,c} [dBm],

(i) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and

[38.101-3] for carrier f of serving cell Cwithin transmission occasion i , Prorac e, 1c 1S the PRACH target reception
power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers[11, TS 38.321] for the active UL BWP
b of carrier f of serving cell C, and PL, . isapathlossfor the active UL BWP b of carrier f based onthe DL RS

associated with the PRACH transmission on the active DL BWP of serving cell C and calculated by the UE in dB as
referenceSgnal Power — higher layer filtered RSRP in dBm, where RSRP isdefined in [7, TS 38.215] and the higher
layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP isthe initia DL BWP and for SS/PBCH
block and CORESET multiplexing pattern 2 or 3, as described in Subclause 13, the UE determines PL, ; . based on the

SS/PBCH block associated with the PRACH transmission.

Where PCM AX, f,c

If aPRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or isin response to
adetection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with
alink recovery procedure where a corresponding index g, isassociated with a SS/PBCH block, as described in

Subclause 6, referenceSignal Power is provided by ss-PBCH-BlockPower.

If a PRACH transmission from a UE isin response to a detection of a PDCCH order by the UE that triggers a
contention-free random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-
collocated with as described in Subclause 10.1, referenceSgnal Power is provided by ss-PBCH-BlockPower or, if the
UE is configured resources for a periodic CSI-RS reception or the PRACH transmission is associated with alink
recovery procedure where a corresponding index g, iSassociated with a periodic CSI-RS configuration as described

in Subclause 6, referenceSignal Power is obtained by ss-PBCH-BlockPower and power Control OffsetSS where

power Control OffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power
[6, TS 38.214]. If powerControl OffsetSSis not provided to the UE, the UE assumes an offset of 0 dB. If the active TCI
state for the PDCCH that provides the PDCCH order includes two RS, the UE expects that one RS has QCL-TypeD
properties and the UE uses the one RS when applying a value provided by power Control OffsetSS,

If within arandom access response window, as described in Subclause 8.2, the UE does not receive a random access
response that contains a preamble identifier corresponding to the preamble sequence transmitted by the UE, the UE
determines a transmission power for a subsequent PRACH transmission, if any, asdescribed in [11, TS 38.321].
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If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher layers
to suspend the power ramping counter as described in [11, TS 38.321].

If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Subclause 7.5, or due to
power alocation in EN-DC or NE-DC operation as described in Subclause 7.6.1 or Subclause 7.6.1A, respectively, the
UE does not transmit a PRACH in atransmission occasion, Layer 1 notifies higher layers to suspend the corresponding
power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in
Subclause 7.5, or due to power allocation in EN-DC or NE-DC operation as described in Subclause 7.6.1 or Subclause
7.6.1A, respectively, the UE transmits a PRACH with reduced power in a transmission occasion, Layer 1 may notify
higher layers to suspend the corresponding power ramping counter.

7.5 Prioritizations for transmission power reductions

For single cell operation with two uplink carriers or for operation with carrier aggregation, if atotal UE transmit power
for PUSCH or PUCCH or PRACH or SRS transmissions on serving cellsin a frequency range in a respective

transmission occasion | would exceed B, (i) , Where B, (i) isthelinear value of P, (i) intransmission
occasion | asdefined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to
PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the
total UE transmit power for transmissions on serving cellsin the frequency range is smaller than or equal to P, (i)
for that frequency range in every symbol of transmission occasion | . When determining atotal transmit power for
serving cellsin afrequency range in asymbol of transmission occasion | , the UE does not include power for

transmissions starting after the symbol of transmission occasion | . The total UE transmit power in asymbol of aslot is
defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of
the dot.

- PRACH transmission on the PCell

- PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK
information

- PUCCH transmission with CSI or PUSCH transmission with CS|
- PUSCH transmission without HARQ-ACK information or CS

- SRStransmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or
PRACH transmission on a serving cell other than the PCell

In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for
transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same
priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the
carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the
UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.

7.6 Dual connectivity

7.6.1 EN-DC

If aUE is configured with a M CG using E-UTRA radio access and with a SCG using NR radio access, the UE is
configured a maximum power P .. for transmissions on the MCG by p-MaxEUTRA and a maximum power P, for

transmissionsin FR1 on the SCG by p-NR-FRL1.

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using P, asthe maximum

transmission power. The UE determines transmission power for the SCG in FR1 as described Subclauses 7.1 through
7.5using P,, asthe maximum transmission power. The UE determines transmission power for the SCG in FR2 as

described Subclauses 7.1 through 7.5.

A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a
cell that isincluded in an EN-DC configuration.
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N = isthelinear valueof P, B, isthelinear valueof R,
and pE\°¢ isthelinear value of aconfigured maximum transmission power for EN-DC operation as defined in [8-3,
TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

If aUE isconfigured with P + P, > PE\°¢ , where p

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15in[13, TS
36.213))

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC,
the UE does not expect to transmit in aslot on the SCG in FR1 when a corresponding subframe on the MCG
isan UL subframe in the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and

- if UE transmission(s) in subframe i, of the MCG overlap in time with UE transmission(s) in slot i, of the
SCGinFR1, and

- if Py (i) + P (i,)> PEYPC inany portion of slot i, of the SCG,

Total

the UE reduces transmission power in any portion of slot i, of the SCG so that B, (i,)+ Py (i,)< PEY®C in
any portion of slot i,, where B, .(i,) and Py (i,) arethelinear values of the total UE transmission powersin
subframe i, of the MCG and in slot i, of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot i, of the SCG if P (i,) would need to be reduced by more than the value provided by
XscaLe inorder for B, (i,)+ Py (i,)< PEY° inany portion of dlot i, of the SCG. The UE isrequired to
transmit in slot i, of the SCGif R would not need to be reduced by more than the value provided by
enoc inal portions of slot i,.

SCG(I
Xscae in order for B < PEV

2)
MCG (il)+ lsSL‘G (IZ) ﬁ)

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15in [13,
TS 36.213)).

7.6.1A NE-DC

If aUE is configured with aMCG using NR radio access and with a SCG using E-UTRA radio access, the UE is
configured a maximum power R for transmissionsin FR1 on the MCG by p-NR-FR1 and a maximum power P, .. for

transmissions on the SCG by p-MaxEUTRA.

The UE determines transmission power for the MCG in FR1 as described Subclauses 7.1 through 7.5 using R, asthe
maximum transmission power for P, < Pk . The UE determines transmission power for the MCG in FR2 as
described Subclauses 7.1 through 7.5.

If the UE is not provided tdd-UL-DL-ConfigurationCommon for the MCG, the UE determines a transmission power for
the SCG as described in [13, TS 36.213] using P, asthe maximum transmission power.

If at least one symbol of dot i, of the MCG that isindicated as uplink or flexible by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated overlaps with subframe i, of the SCG

- for subframe i,, the UE determines a transmission power for the SCG as described in [13, TS 36.213] using
P asthe maximum transmission power

otherwise

- the UE determines a transmission power for the SCG as described in [13, TS 36.213] using P,,,,, asthe
maximum transmission power

If aUE is configured with p

.+ P, >P\Eoc, where p_ isthelinear valueof P .., P, isthelinear vaue of

LTE

P »and ﬁT’jJaDC isthe linear value of a configured maximum transmission power for NE-DC operation as defined in

[8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the MCG as follows
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- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15in[13, TS
36.213))

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC,
the UE does not expect to transmit in aslot on the MCG in FR1 when a corresponding subframe on the SCG
isan UL subframe in the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for NE-DC and

- if the UE transmission(s) in dot i, of the MCG in FR1 overlap in time with UE transmission(s) in subframe
i, of the SCG, and

- if Byeg (i) + Pas (i, ) > PNEPS inany portion of slot i, of the MCG,

the UE reduces transmission power in any portion of slot i, of the MCG sothat B, (i) + P (i, ) < PREPC

inall portions of slot i, , where B, (i,) and P (i,) arethe linear values of the total UE transmission powers

indot i, of the MCG in FR1 and in subframe i, of the SCG, respectively.

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15in[13,
TS 36.213)).

7.6.2 NR-DC

If aUE is configured with aMCG using NR radio accessin FR1 or in FR2 and with a SCG using NR radio accessin
FR2 or in FR1, respectively, the UE performs transmission power control independently per cell group as described in
Subclauses 7.1 through 7.5.

7.7 Power headroom report

The types of UE power headroom reports are the following. A Type 1 UE power headroom PH that isvalid for
PUSCH transmission occasion | on active UL BWP b of carrier f of serving cell C. A Type 3 UE power headroom

PH that is valid for SRS transmission occasion i on active UL BWP b of carrier f of servingcell C.

A UE determines whether a power headroom report for an activated serving cell [11, TS 38.321] is based on an actual
transmission or areference format based on the higher layer signalling of configured grant and periodic/semi-persistent
sounding reference signal transmissions and downlink control information the UE received until and including the
PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format 0_1 scheduling an initial
transmission of atransport block since a power headroom report was triggered if the power headroom report is reported
on a PUSCH triggered by the first DCI. Otherwise, a UE determines whether a power headroom report is based on an
actual transmission or areference format based on the higher layer signalling of configured grant and periodic/semi-
persistent sounding reference signal transmissions and downlink control information the UE received until the first
uplink symbol of a configured PUSCH transmission minus T proc,2=Tproc,2 Where Tyroc2 IS determined according to [6, TS
38.214] assuming d21 = 1, d22=0, and with Lip. 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 aUE

- isconfigured with two UL carriersfor a serving cell, and

- determinesa Type 1 power headroom report and a Type 3 power headroom report for the serving cell
the UE

- providesthe Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on
respective actual transmissions 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
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If aUE is configured with a SCG and if phr-ModeOther CG for a CG indicates 'virtual' then, for power headroom
reports transmitted on the CG, the UE computes PH assuming that the UE does not transmit PUSCH/PUCCH on any
serving cell of the other CG.

If the UE is configured with a SCG,

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

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

If the UE is configured with a PUCCH-SCaell,

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

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

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if E-UTRA Dual Connectivity PHR
[14, TS 36.321] istriggered and,

- if the duration of NR dlot on active UL BWP is different from that of E-UTRA subframe carrying the Dual
Connectivity PHR, the UE provides power headroom of the first NR slot that fully overlaps with the E-UTRA
subframe;

- if theduration of NR slot on active UL BWP isthe same as that of E-UTRA subframe carrying the Dual
Connectivity PHR for asynchronous EN-DC/NE-DC [10, TS 38.133], the UE provides power headroom of the
first NR dlot that overlaps with the E-UTRA subframe.

7.7.1 Type 1 PH report

If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH
transmission then, for PUSCH transmission occasion | on active UL BWP b of carrier f of servingcell C, the UE
computes the Type 1 power headroom report as

Pthpel,b,f,c(iv J394:1) = Poyax 1 c ()= {POfPUSCHb,f,c(j)+10|Oglo(2# : Mgg,sb?:fc(i))+ab,f,c(j)'PLb,f,c(qel)+ATF,b,f,c(i)+ fo 1 c(01) } [dB]

where Poya; (i), Popuscrnr (i) Mo (i), Obr (1), PLy;o(Gy), Arep s (i) and fy (i,1) aredefinedin
Subclause 7.1.1.

If aUE is configured with multiple cells for PUSCH transmissions, where a SCS configuration £, on active UL BWP
b, of carrier f, of servingcell C; issmaller than a SCS configuration (£, on active UL BWP b, of carrier f, of
serving cell C, , and if the UE providesa Type 1 power headroom report in a PUSCH transmission in aslot on active
UL BWP b, that overlaps with multiple dots on active UL BWP b, , the UE provides a Type 1 power headroom

report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP b, that fully overlaps with
the slot on active UL BWP b, . If aUE is configured with multiple cells for PUSCH transmissions, where a same SCS

configuration on active UL BWP b, of carrier f, of serving cell C; and active UL BWP b, of carrier f, of

serving cell C, , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in aslot on active
UL BWP b, , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL
BWP b, that overlaps with the slot on active UL BWP b, .

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if E-UTRA Dual Connectivity PHR

[14, TS 36.321] istriggered, the UE provides power headroom of the first PUSCH, if any, on the determined NR slot as
described in subclause 7.7.
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If aUE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type
1 power headroom report in afirst PUSCH transmission that includes an initial transmission of transport block on active

UL BWP b, of carrier f, of serving cell C; , asecond PUSCH transmission on active UL BWP b, of carrier f, of
serving cell C, that overlaps with the first PUSCH transmission if

- the second PUSCH transmission is scheduled by aDCI format 0_0 or aDCI format 0_1 in aPDCCH received in
a second PDCCH monitoring occasion, and

- the second PDCCH monitoring occasion is after afirst PDCCH monitoring occasion where the UE detects the
earliest DCI format 0_0 or DCI format 0_1 scheduling an initial transmission of a transport block after a power
headroom report was triggered

or

- the second PUSCH transmission is after the first uplink symbol of the first PUSCH transmission minus
T oroc.2=Tproc,2 Where Tyroc2 1S determined according to [6, TS 38.214] assuming do1 =1, d22=0, and with 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 grant after a power headroom report was triggered.

If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH
transmission then, for PUSCH transmission occasion | on active UL BWP b of carrier f of servingcell C, the UE
computes the Type 1 power headroom report as

Pthpelb,f,c(if J,04,1) = IS;:MAX,f,c(i)_{ Po_puscrb.t (1) % ¢ (1) Ply ¢ o (0g) + fb,f,c(ifl)} [dB]

where B, , (i) iscomputed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. ATc = 0 dB. MPR, A-MPR, P-MPR

and ATc are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are
defined in Subclause 7.1.1 where Py pyscup 1o (J) and ¢, ¢ ((j) areobtained using Py yowmas puscr, 1c(0) and p0-

PUSCH-AlphaSetid= 0, PL, , .(q,) isobtained using pusch-PathlossReferenceRS-Id = 0, and | =0.

If aUE is configured with two UL carriersfor a serving cell and the UE determines a Type 1 power headroom report
for the serving cell based on areference PUSCH transmission, the UE computes a Type 1 power headroom report for
the serving cell assuming areference PUSCH transmission on the UL carrier provided by pusch-Config. If the UE is
provided pusch-Config for both UL carriers, the UE computes a Type 1 power headroom report for the serving cell
assuming a reference PUSCH transmission on the UL carrier provided by pucch-Config. If pucch-Configis not
provided to the UE for any of thetwo UL carriers, the UE computes a Type 1 power headroom report for the serving
cell assuming a reference PUSCH transmission on the non-supplementary UL carrier.

1.7.2 Type 2 PH report

This subclause is reserved.

7.7.3 Type 3 PH report

If a UE determines that a Type 3 power headroom report for an activated serving cell is based on an actual SRS
transmission then, for SRS transmission occasion i on active UL BWP b of carrier f of servingcell C andif the

UE is not configured for PUSCH transmissionson carrier f of servingcell C | the UE computes a Type 3 power
headroom report as

PH s 1 ¢ (1,0s) = Pewax 1 o (1) { Po srs. 1. (ds) + 101095 (2" - M grgpy 10 (1)) + Qs 1 ¢ (0s) - Py ¢ o (Ag) + Ny ¢ o (i) }
[dB]

where PCMAX,f,c (i)’ PO_SRS, h,f,c(qs) ) MSRS,b,f,c(i)’ aSRSb,f,C(qS)' PLb,f,c(qd) and hb,f,c(i) are defined in Subclause
7.3.1.
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If the UE determines that a Type 3 power headroom report for an activated serving cell is based on areference SRS
transmission then, for SRS transmission occasion I on UL BWP b of carrier f of servingcell C, and if the UE is

not configured for PUSCH transmissionson UL BWP b of carrier f of serving cell C, the UE computes a Type 3
power headroom report as

PHypeap 1 c(1,0s) = ISCMAX,f <) _{ Ry srep. ¢ (0s) + orgp 1.c(0s) - Plyy ¢ c(Gg) + 1y ¢ (')} [dB]

where (5 isa SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b and Py, s 1 ¢ (ds)
Osrs 1 c(Qs), PLy ¢ (0q) and h, (i) aredefined in Subclause 7.3.1 with corresponding val ues obtained from SRS-

ResourceSetld = 0 for UL BWP b . ISCMAX ' ¢(i) iscomputed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB

and ATc =0 dB. MPR, A-MPR, P-MPR and ATc are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS
38.101-3].

If aUE is configured with two UL carriers for a serving cell and the UE determines a Type 3 power headroom report
for the serving cell based on areference SRS transmission, the UE computes a Type 3 power headroom report for the
serving cell assuming a reference SRS transmission on the UL carrier provided by pucch-Config. If pucch-Config is not
provided to the UE for any of thetwo UL carriers, the UE computes a Type 3 power headroom report for the serving
cell assuming areference SRS transmission on the non-supplementary UL carrier.

8 Random access procedure

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

Prior to initiation of the physical random access procedure, Layer 1 receives the following 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 the root sequences and their cyclic shiftsin the PRACH preamble sequence set
(index to logical root sequence table, cyclic shift ( N ), and set type (unrestricted, restricted set A, or restricted

st B)).

From the physical layer perspective, the L1 random access procedure includes the transmission of random access
preamble (Msgl) in aPRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and when
applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.

If arandom access procedureisinitiated by a PDCCH order to the UE, a PRACH transmission iswith asame SCSasa
PRACH transmission initiated by higher layers.

If aUE is configured with two UL carriersfor 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 corresponding
PRACH transmission.

8.1 Random access preamble

Physical random access procedure is triggered upon request of a PRACH transmission by higher layers or by a PDCCH
order. A configuration by higher layers for a PRACH transmission includes the following:

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

- A preambleindex, a preamble SCS, Pogacy tage » @ COrresponding RA-RNTI, and a PRACH resource.

A PRACH istransmitted using the selected PRACH format with transmission power Pogacyp, 1 (i) , s described in
Subclause 7.4, on the indicated PRACH resource.
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A UE isprovided anumber N of SS/PBCH blocks associated with one PRACH occasion and anumber R of
contention based preambles per SSYPBCH block per valid PRACH occasion by ssb-perRACH-OccasionAndCB-
PreamblesPerSSB. If N <1, one SS/PBCH block is mapped to 1/N  consecutive valid PRACH occasionsand R
contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion
start from preambleindex 0. If N>1, R contention based preambles with consecutive indexes associated with
SS/PBCH block N, 0< n< N -1, per valid PRACH occasion start from preamble index n- N '*3 /N where

preamble

N isprovided by total Number OfRA-Preambles and is an integer multipleof N .

preamble

For link recovery, aUE isprovided N SS/PBCH blocks associated with one PRACH occasion by ssh-perRACH-
Occasion in BeamFailureRecoveryConfig. For a dedicated RACH configuration provided by RACH-ConfigDedicated,
if cfraisprovided, aUE isprovided N SS/PBCH blocks associated with one PRACH occasion by ssb-per RACH-
Occasionin occasions. If N<1, one SS/PBCH block is mapped to 1/N  consecutive valid PRACH occasions. If N=1,

al consecutive N SS/PBCH blocks are associated with one PRACH occasion.

SS/PBCH block indexes provided by ssb-PositionsinBurst in S B1 or in ServingCell ConfigCommon are mapped to
valid PRACH occasionsin the following order where the parameters are described in [4, TS 38.211].

- First, inincreasing order of preamble indexes within a single PRACH occasion

- Second, inincreasing order of frequency resource indexes for frequency multiplexed PRACH occasions

- Third, inincreasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
- Fourth, inincreasing order of indexes for PRACH slots

An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value
in the set determined by the PRACH configuration period according Table 8.1-1 such that N2° SS/PBCH blocks are

mapped at |east once to the PRACH occasions within the association period, where a UE obtains N&° from the value
of ssh-PositionsinBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to
PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped
to N>>® SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern

period includes one 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 S§YPBCH blocks after an
integer number of association periods, if any, are not used for PRACH transmissions.

For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of
the random access preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where
the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field of the
PDCCH order.

For a PRACH transmission triggered by higher layers, if ssh-ResourceList is provided, the PRACH mask index is
indicated by ra-ssh-OccasionMasklndex which 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 consecutively 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 occasion indicated 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 occasionsis

- First, inincreasing order of frequency resource indexes for frequency multiplexed PRACH occasions

- Second, inincreasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH
dot

- Third, inincreasing order of indexes for PRACH slots
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For a PRACH transmission triggered upon request by higher layers, avalue of ra-OccasionList [12, TS 38.331], if
csirs-Resourcelist is provided, indicates alist of PRACH occasions for the PRACH transmission where the PRACH
occasions are associated with the selected CSI-RS index indicated by csi-RS. The indexing of the PRACH occasions
indicated by ra-OccasionList is reset per association pattern period.

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

: q g Association period (number of PRACH
PRACH configuration period (msec) 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, if a UE is not provided tdd-UL-DL-
ConfigurationCommon, a PRACH occasion in aPRACH dlot isvalid if it does not precede a SS/PBCH block in the
PRACH dlot and starts at least N, symbols after alast SS/PBCH block reception symbol, where N, isprovided in

Table8.1-2.
If aUE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH dot isvalid if

- itiswithin UL symbols, or

- it does not precede a SS'PBCH block inthe PRACH slot and starts at least N, symbols after alast downlink
symbol and at least N, symbols after alast SS/PBCH block transmission symbol, where N, isprovidedin
Table 8.1-2.

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

Table 8.1-2: N values for different preamble SCS U

Preamble SCS N a0
1.25 kHz or 5 kHz 0
15 kHz or 30 kHz or 60 kHz or 120 kHz 2

If arandom access procedureisinitiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH
in the selected PRACH occasion, as described in [11, TS 38.321], for which atime between the last symbol of the
PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to

N1, + Agwpsuitening T Apaay MSEC, Where N, isatime duration of N, symbols corresponding to a PUSCH preparation

time for UE processing capability 1 [6, TS 38.214], Agypsyitching = 0 if the active UL BWP does not change and

ABWPSMtchmg isdefined in [10, TS 38.133] otherwise, and A, =05 msec for FR1 and A, =0.25 msec for FR2. For
aPRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines N, assuming SCS configuration =0.

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit
PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH
transmissionin afirst dot is separated by lessthan N symbols from the last or first symbol, respectively, of a
PUSCH/PUCCH/SRS transmission in a second slot where N=2 for #=0or =1, N=4 for u=2 or y=3,and u is

the SCS configuration for the active UL BWP.

8.2 Random access response

In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a
corresponding RA-RNTI during awindow controlled by higher layers[11, TS 38.321]. The window starts at the first
symbol of the earliest CORESET the UE is configured to receive PDCCH for Typel-PDCCH CSS set, as defined in
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Subclause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH
transmission, where the symbol duration corresponds to the SCS for Typel-PDCCH CSS set as defined in Subclause
10.1. The length of the window in number of dots, based on the SCS for Typel-PDCCH CSS s«t, is provided by ra-
ResponseWindow.

If the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and a transport block in a
corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers parse
the transport block for arandom access preamble identity (RAPID) associated with the PRACH transmission. If the
higher layersidentify the RAPID in RAR message(s) of the transport block, the higher layers indicate an uplink grant to
the physical layer. Thisisreferred to as random access response (RAR) UL grant in the physical layer.

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-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 not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can
indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE is expected to transmit a
PRACH no later than N, ,+0.75 msec after the last symbol of the window, or the last symbol of the PDSCH reception,

where N; , isatime duration of N, symbols corresponding to a PDSCH processing time for UE processing capability 1
when additional PDSCH DM-RSis configured. For x = 0, the UE assumes N,, =14 [6, TS 38.214].

If the UE detectsa DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and receives a transport block
in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location properties, as described in
[6, TS 38.214], asfor a SS/PBCH block or a CSI-RS resource the UE used for PRACH association, as described in
Subclause 8.1, regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the
PDCCH with the DCI format 1 0. If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the
corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-
free random access procedure for the SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the
DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties. If the UE attempts
to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH
transmission initiated by a PDCCH order that triggers a contention-free random access procedure for a secondary cell,
the UE may assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Typel-
PDCCH CSS <t 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 UL grant, starting with the
MSB and ending with the LSB, are givenin Table 8.2-1.

If the value of the frequency hopping flag is O, the UE transmits the PUSCH without frequency hopping; otherwise, the
UE transmits the PUSCH with frequency hopping.

The UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index
table for PUSCH as described in [6, TS 38.214].

The TPC command value J,,, . isused for setting the power of the PUSCH transmission, as described in Subclause

7.1.1, and isinterpreted according to Table 8.2-2.
The CSl request field is reserved.

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

RAR grant field Number of bits
Frequency hopping flag 1
PUSCH frequency resource allocation 14
PUSCH time resource allocation 4
MCS 4
TPC command for PUSCH 3
CSI request 1
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Table 8.2-2: TPC Command &, ;. 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 a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception
providing the RAR message.

If the UE does not detect the DCI format with CRC scrambled by the corresponding RA-RNTI or the UE does not
correctly receive a corresponding transport block within the window, the UE procedureis as described in [11, TS
38.321].

8.3 PUSCH scheduled by RAR UL grant

An active UL BWP, as described in Subclause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a
RAR UL grant isindicated by higher layers. For determining the frequency domain resource allocation for the PUSCH
transmission within the active UL BWP

- if theactive UL BWP and the initiadl UL BWP have same SCS and same CP length and the active UL BWP
includes all RBs of theinitial UL BWP, or the active UL BWP istheinitia UL BWP, theinitial UL BWPis
used

- €else the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for
frequency domain resource allocation equals the number of RBsin theinitial UL BWP

The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For aninitial UL BWP
size of N;ﬁ‘fp RBs, a UE processes the frequency domain resource assignment field as follows

- if N5 <180

- truncate the frequency domain resource assignment field to its (I ng(Ng\Z,fp : (N§$P+1) 2ﬂ least significant

bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment
field in DCI format 0_0 asdescribed in [5, TS 38.212]

- dse

~insert [1ogy(NgZe,- (NS22.+1)/2)|-14 most significant bits with value set to O fter the Ny o, bitsto the
frequency domain resource assignment field, where Ny, ., =0 if the frequency hopping flag is set to '0'

and Ny, o, isprovided in Table 8.3-1 if the hopping flag bit is set to "1, and interpret the expanded frequency

resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in
[5, TS38.212]

- endif
A UE determines whether or not to apply transform precoding as described in [6, TS 38.214].

For a PUSCH transmission with frequency hopping scheduled by RAR UL grant or for a Msg3 PUSCH retransmission,
the frequency offset for the second hop [6, TS 38.214] isgivenin Table 8.3-1.
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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
_ 0 [Nz /2]
NSz <50 —
1 |_N BWP /4J
00 N3 /2]
e 01 N3 /4]
NBWPZSO sze
10 - LN BWP /4J
11 Reserved

A SCSfor the PUSCH transmission is provided by subcarrier Spacing in BWP-UplinkCommon. A UE transmits
PRACH and the PUSCH on a same uplink carrier of a same serving cell.

A UE transmits a transport block in a PUSCH scheduled by a RAR UL grant in a corresponding RAR message using
redundancy version number 0. If aTC-RNTI is provided by higher layers, the scrambling initialization of the PUSCH
corresponding to the RAR UL grant in clause 8.2 isby TC-RNTI. Otherwise, the scrambling initialization of the
PUSCH corresponding to the RAR UL grant in clause 8.2 isby C-RNTI. Msg3 PUSCH retransmissions, if any, of the
transport block, are scheduled by a DCI format 0_0 with CRC scrambled by a TC-RNTI provided in the corresponding
RAR message [11, TS 38.321]. The UE always transmits the PUSCH scheduled by a RAR UL grant without
repetitions.

With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receivesa PDSCH with a
RAR message endinginslot N for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH

inslot n+k, +A, where k, and A are provided in [6, TS 38.214].

The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR message with a
RAR UL grant and the first symbol of a corresponding PUSCH transmission scheduled by the RAR UL grant is equal
to Np;+N;,+0.5 msec, where N, isatimeduration of N, symbols corresponding to a PDSCH processing time for

UE processing capability 1 when additional PDSCH DM-RSis configured, N, isatimeduration of N, symbols

corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] and, for determining the
minimum time, the UE considersthat N, and N, correspond to the smaller of the SCS configurations for the PDSCH

and the PUSCH. For x =0, the UE assumes N, =14 [6, TS 38.214].

8.4 PDSCH with UE contention resolution identity

In response to a PUSCH transmission scheduled by a RAR UL grant when a UE has not been provided a C-RNTI, the
UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that
includes a UE contention resolution identity [11, TS 38.321]. In response to the PDSCH reception with the UE
contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The PUCCH transmission is

within a same active UL BWP as the PUSCH transmission. A minimum time between the last symbol of the PDSCH
reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information is equal to
N;, +0.5 msec. N, isatimedurationof N; symbols corresponding to a PDSCH processing time for UE

processing capability 1 when additional PDSCH DM-RSis configured. For x = 0, the UE assumes N,, =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 format 0_0 with CRC scrambled by a TC-
RNTI provided in the corresponding RAR message [11, TS 38.321], the UE may assume the PDCCH carrying the DCI
format has the same DM-RS antenna port quasi co-location properties, as described in [6, TS 38.214], asfor a
SS/PBCH block the UE used for PRACH association, as described in Subclause 8.1, regardless of whether or not the
UE is provided TCI-State for the CORESET where the UE receives the PDCCH with the DCI format.
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9 UE procedure for reporting control information

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

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

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

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

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

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

If aUE is configured for NR-DC operation, the UE does not expect to be configured with a PUCCH-SCell.

If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a
serving cell that includes positive SR information, the UE does not transmit the PUSCH.

If a UE would transmit CS| reports on overlapping physical channels, the UE appliesthe priority rules described in [6,
TS 38.214] for the multiplexing of CSI reports.

If a UE has overlapping resources for PUCCH transmissionsin aslot and at least one of the PUCCH transmissionsis
with repetitions over multiple slots, the UE first follows the procedures described in Subclause 9.2.6 for resolving the
overlapping among the resources for the PUCCH transmissions.

If aUE

- would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and

- the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing,
the UE

- multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not
transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSl reports in the PUSCH,;

- multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission
and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSl reportsin the
PUSCH.

A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration ¢, UCI of same type
that the UE would transmit in PUCCHSs in different slots with SCS configuration £, if 14 <tb.

A UE does not expect a PUCCH resource that results from multiplexing overlapped PUCCH resources, if applicable, to
overlap with more than one PUSCHSs if each of the more than one PUSCHs includes aperiodic CSI reports.

A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release and indicating a
resource for a PUCCH transmission with corresponding HARQ-ACK information in aslot if the UE previoudly detects
aDCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the
PUSCH transmission.
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If a UE multiplexes aperiodic CSl in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK

information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and
PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does
not transmit the PUCCH.

If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHSs that are scheduled by
DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHSs configured by respective ConfiguredGrantConfig or
semiPersistentONPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHSs, and the multiple PUSCHs
fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first
PUSCHSs.

If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the
multiple PUSCHs and the UE does not multiplex aperiodic CSl in any of the multiple PUSCHSs, the UE multiplexes the
UCI ina PUSCH of the serving cell with the smallest ServCelllndex subject to the conditions in Subclause 9.2.5 for
UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHSs in the slot on the serving cell with the
smallest ServCelllndex that fulfil the conditionsin Subclause 9.2.5 for UCI multiplexing, the UE multiplexesthe UCI in
the earliest PUSCH that the UE transmitsin the dlot.

If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSl
information over asingle slot and in a ot that overlaps with the PUSCH transmission in one or more slots of the
multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Subclause 9.2.5 for
multiplexing the HARQ-ACK and/or CSl information, the UE multiplexes the HARQ-ACK and/or CSI information in
the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CS| information in
the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with
HARQ-ACK and/or CSl information in the slot in case the PUSCH transmission was absent.

If the PUSCH transmission over the multiple dotsis scheduled by a DCI format 0_1, the same value of a DA field is
applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots
where the UE multiplexes HARQ-ACK information.

A HARQ-ACK information bit value of O represents a negative acknowledgement (NACK) whilea HARQ-ACK
information bit value of 1 represents a positive acknowledgement (ACK).

9.1 HARQ-ACK codebook determination

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

If aUE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per
transport block.

For aHARQ-ACK information bit, a UE generates an ACK if the UE detectsa DCI format 1 0 that provides a SPS
PDSCH release or correctly decodes a transport block, and generates a NACK if the UE does not correctly decode the
transport block.

A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptionsin
asame PUCCH.

In the following, the CRC for DCI format 1 0 or DCI format 1 1 is scrambled with a C-RNTI, an MCS-C-RNTI, or a
CS-RNTI.

9.1.1 CBG-based HARQ-ACK codebook determination

If aUE is provided PDSCH-CodeBlockGroupTransmission for a serving cell, the UE receives aPDSCH scheduled by
DCI format 1_1, that includes code block groups (CBGs) of atransport block. The UE is also provided

maxCodeBlockGroupsPer TransportBlock indicating a maximum number Ngﬁggi"gix of CBGsfor generating

respective HARQ-ACK information bits for atransport block reception for the serving cell.

For anumber of C code blocks (CBs) in atransport block, the UE determines a number of CBGs M according to
Subclause 5.1.7.1 of [6, TS 38.214] and determines a number of HARQ-ACK bits for the transport block as

CBGITB  _
NHARQ—ACK =M.
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The UE generates an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of
the CBG and generates a NACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at least
one code block of the CBG. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information
bits for CBGs of the second transport block after the HARQ-ACK information bits for CBGs of the first transport

block.

The HARQ-ACK codebook includesthe Niago ack HARQ-ACK information bits and, if NSEGT® N SB6Te max for

HARQ-ACK < HARQ-ACK
atransport block, the UE generates a NACK value for thelast Nao ack — Niano ack  HARQ-ACK information bits
for the transport block in the HARQ-ACK codebook.

If the UE generates a HARQ-ACK 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 previous transmission of the transport block.

If a UE correctly detects each of the Njaco ack CBGs and does not correctly detect the transport block for the

NSEeTe « CBGs, the UE generates aNACK value for each of the Nyirg Ak CBGs.

9.1.2 Type-1 HARQ-ACK codebook determination

This subclause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.

A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-
ACK codebook that the UE transmitsin a slot indicated by avalue of a PDSCH-to-HARQ _feedback timing indicator
field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK
information bit(s) in aHARQ-ACK codebook that the UE transmitsin a slot not indicated by a value of a PDSCH-to-
HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1.

If the UE is provided pdsch-AggregationFactor, Ni%e, isavalue of pdsch-AggregationFactor; otherwise, Nidea, =1.
The UE reports HARQ-ACK information for a PDSCH reception from slot n— N ¥ea, +1 to slot N only in aHARQ-

ACK codebook that the UE includesin a PUCCH or PUSCH transmissionin slot n+Kk, where K isanumber of sots
indicated by the PDSCH-to-HARQ feedback timing indicator field in a corresponding DCI format or provided by dI-
DataToUL-ACK if the PDSCH-to-HARQ _feedback timing indicator field is not present in the DCI format. If the UE

reports HARQ-ACK information for the PDSCH reception in aslot other than slot N+K, the UE sets avalue for each
corresponding HARQ-ACK information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for
- aSPSPDSCH release indicated by DCI format 1_0 with counter DAI field value of 1 on the PCell, or
- aPDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCéll, or
- SPSPDSCH reception

withinthe m , . occasions for candidate PDSCH receptions as determined in Subclause 9.1.2.1, the UE determines a

HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH
reception according to corresponding M , . occasion(s) on respective serving cell(s), where the value of counter DAL in

DCI format 1_Oisaccording to Table 9.1.3-1; otherwise, the procedures in Subclause 9.1.2.1 and Subclause 9.1.2.2 for
aHARQ-ACK codebook determination apply.

9.1.21 Type-1 HARQ-ACK codebook in physical uplink control channel

For aserving cell C, an active DL BWP, and an active UL BWP, as described in Subclause 12, the UE determines a set
of M,. occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK

informationinaPUCCH inslot n . If serving cell C isdeactivated, the UE uses asthe active DL BWP for
determining the set of M, . occasions for candidate PDSCH receptions a DL BWP provided by
firstActiveDownlinkBWP. The determination is based:
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a) onaset of dot timing values K, associated with the active UL BWP

a) If the UE isconfigured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for
DCI format 1_1 onserving cell C, K, isprovided by the slot timing values{1, 2, 3, 4,5, 6, 7, 8} for DCI
format 1 0

b) If the UE is configured to monitor PDCCH for DCI format 1_1 for serving cell C, K, isprovided by dI-
DataToUL-ACK for DCI format 1_1

b) onaset of rowindexes R of atablethat isprovided either by afirst set of row indexes of atable that is
provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain
resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row
indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP
and defining respective sets of slot offsets Kk, , start and length indicators SLIV, and PDSCH mapping types for

PDSCH reception as described in [6, TS 38.214]

c) ontheratio 2> between the downlink SCS configuration £, and the uplink SCS configuration g,

provided by subcarrier Spacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL
BWP, respectively

d) if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in
Subclause 11.1.

For the set of slot timing values K, , the UE determines a set of M, occasions for candidate PDSCH receptions or
SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for

HA RQ-ACK information corresponding to a SPS PDSCH release is same as for a corresponding SPS PDSCH
reception.

Set j =0 - index of occasion for candidate PDSCH reception or SPS PDSCH release

Set B=J

Set M, =0

Set ¢(K,) to the cardinality of set K,

Set k =0 —index of slot timing values K, , in descending order of the slot timing values, in set K, for serving cell C

"
while k < ¢(K,)
if mod (nU -Kp +1, max(Z”UL”‘DL ,1)): 0
Set n, =0 —index of aDL dot within an UL slot
while ny < max(2”DL o ,1)
Set R to the set of rows
Set ¢(R) to the cardinality of R

Set =0 —index of rowinset R

if ot n,, startsat asametime asor after agot for an active DL BWP change on serving cell C or an active

UL BWP change on the PCell and slot L(nU -Ky ) 2t J+ Ny is before the slot for the active DL BWP
change on serving cell C or the active UL BWP change on the PCell

TlD=nD+1;

else
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while r < (R)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each dot from slot L(nu - Kl,k)~ 2/ J+ N, — Nirea, +1 to slot L(nu -Ky ) 2t J+ Ny, a
least one symbol of the PDSCH time resource derived by row 1 is configured as UL where K, isthe
k-th slot timing valuein set K, ,

R=R\r:
else
r=r+1;
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R#J,
Mac =M, UJs
j=j+1
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;

else
Set ¢(R) to the cardinality of R
Set M to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of R
while R
Set r=0
while r <¢(R)

if S<m for start OFDM symbol index S for row r

B «n, =1 ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated withrow r

R=R\r;

B=BUDb,, ;

k kg

else

r=r+1;

end if
end while
Mac=Mp UJ;
j=i+1
Set M to the smallest last OFDM symbol index among all rowsof R ;

end while
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end if
np, =np+ 1,
end if
end while
end if
k=k+1;
end while

If the UE indicates a capability to receive more than one PDSCH per slot, for occasions of candidate PDSCH receptions
corresponding to rows of R associated with a same value of B .. - Where b, . € B, the UE does not expect to

receive more than one PDSCH in asame DL dlot.
If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by aDCI format 1 0 and if
- the UE is configured with one serving cell, and

- ¢M,,)=1,and

- PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE generates HARQ-ACK information only for the transport block in the PDSCH or only for the SPS PDSCH
release.

If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by aDCI format 1_0 and if

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

-  PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE repeats Njjago ack timesthe HARQ-ACK information for the transport block in the PDSCH or for the SPS

PDSCH release.

A UE does not expect to detect a DCI format switching a DL BWP within N, symbols prior to afirst symbol of a
PUCCH transmission where the UE multiplexes HARQ-ACK information, where N, is defined in Subclause 9.2.3.

If aUE is provided dI-DataToUL-ACK, the UE does not expect to be indicated by DCI format 1 0 aslot timing value
for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values{1,
2,3,4,5,6, 7,8} and the set of dot timing values provided by di-DataToUL-ACK for the active DL BWP of a
corresponding serving cell.

If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and if
maxNrofCodeWor dsScheduledByDCl indicates reception of two transport blocks, when the UE receives a PDSCH with
one transport block, the HARQ-ACK information is associated with the first transport block and the UE generates a
NACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK
information with value of ACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is provided.

A UE determines @), 0,"™,...,0%ax_, HARQ-ACK information bits, for atotal number of O, HARQ-ACK
information bits, of aHARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In
the following pseudo-code, if the UE does not receive atransport block or a CBG, due to the UE not detecting a
corresponding DCI format 1 0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG.
The cardinality of theset M, . defines atotal number M, of occasions for PDSCH reception or SPS PDSCH release

for serving cell ¢ corresponding to the HARQ-ACK information bits.

Set C=0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
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Set j =0- HARQ-ACK information bit index

Set N2, to the number of serving cells configured by higher layers for the UE

while c< N2

Set M=0 —index of occasion for candidate PDSCH reception or SPS PDSCH release

while m< M,

if harg-ACK-SpatialBundlingPUCCH is not provided, PDSCH-CodeBlockGroupTransmission is not

provided, and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two
transport blocks for the active DL BWP of serving cell c,

~ACK . . . . . .
0~ =HARQ-ACK information bit corresponding to afirst transport block of this cell;

j=]+1
ajACK = HARQ-ACK information bit corresponding to a second transport block of this cell;
j=]+1

elseif harg-ACK-SpatialBundlingPUCCH is provided, and the UE is configured by

maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks for the active DL BWP of
serving cell c,

0,*™“ = binary AND operation of the HARQ-ACK information bits corresponding to first and second

transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the
second transport block;

j=j+1;

elseif PDSCH-CodeBlockGroupTransmission is provided, and Nsno acee CBGs areindicated by

maxCodeBlockGroupsPer TransportBlock for serving cell ¢,

Set Negg = 0 - CBGindex

. CBG/TB,max
while Negg < Nijaro-ack.c

~ACK

0/, = HARQ-ACK information bit corresponding to CBG Ncg of the first transport block;

if the UE is configured by maxNrofCodeWordsScheduledByD CI with reception of two transport
blocks for the active DL BWP of serving cell ¢

< ACK

L nege £ NCEGTB MR = HARQ-ACK information bit corresponding to CBG N of the second

HARQ-ACK ¢

transport block;
end if
Nepe = Nege +1;
end while

j =i+ Npse Niaro Aok » where Nri is the value of maxNrofCodeWordsScheduledByDCI for the

active DL BWP of serving cell c;
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else
0/ = HARQ-ACK information bit of serving cell c;
j=]+1
end if
m=m+1;
end while

c=c+1;

end while

If Opck +Ogr +Ocg <11, the UE determines a number of HARQ-ACK information bits n, ,z ack fOr obtaining a
transmission power for a PUCCH, as described in Subclause 7.2.1, as

N 1M 1 N -1M,—1
_ received receivedCBG
Nyarg-ack = Z Z Nm,c + Z Z Nm,c where
c=0 m=0 c=0 m=0
N;°*** is the number of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ if

harg-ACK-Spatial BundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number
of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ if PDSCH-
CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1_0, or the
number of PDSCH receptionsif harg-ACK-SpatialBundlingPUCCH is provided or SPS PDSCH releasein
PDSCH reception occasion m for serving cell ¢ and the UE reports corresponding HARQ-ACK information in
the PUCCH.

N e2#v&.CBC s the number of CBGs the UE receivesin a PDSCH reception occasion m for serving cell ¢ if

PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1 1
and the UE reports corresponding HARQ-ACK information in the PUCCH.

9.1.2.2 Type-1 HARQ-ACK codebook in physical uplink shared channel

If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is
scheduled by DCI format 0_0, then

if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK
information in the PUSCH, based on avalue of arespective PDSCH-to-HARQ_feedback timing indicator field
in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dlI-DataToUL-
ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format, in any of the M,
occasions for candidate PDSCH receptions by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any
serving cell ¢, asdescribed in Subclause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the
PUSCH transmission;

else the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1, except that harg-ACK-
SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH, unless the UE receives only a SPS
PDSCH release, or only SPS PDSCH reception, or only a PDSCH that is scheduled by DCI format 1_0 with a
counter DAI field value of 1 on the PCell in the M_ occasions for candidate PDSCH receptions in which case

the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as
described in Subclause 9.1.2.

A UE setsto NACK vauein the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH
reception or SPS PDSCH release that the UE detectsin a PDCCH monitoring occasion that starts after a PDCCH
monitoring occasion where the UE detects a DCI format O_0 or aDCI format 0_1 scheduling the PUSCH transmission.

A UE does not expect to detect a DCI format switching a DL BWP within N, symbols prior to afirst symbol of a
PUSCH transmission where the UE multiplexes HARQ-ACK information, where N, isdefined in[6, TS 38.214].
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If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE
generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format
0 lisv,™, =1 exceptthat harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH.

T-DAI
The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when v.*,, =0
unless the UE receives only a SPS PDSCH release, or only a SPS PDSCH, or only a PDSCH that is scheduled by DCI
format 1_0 with a counter DAI field value of 1 on the PCell inthe M_ occasions for candidate PDSCH receptionsin
which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH
reception as described in Subclause 9.1.2. v, = 0 if the DAI field in DCI format 0_1 is set to '0'; otherwise,

VTU—LDAI =1.

9.1.3 Type-2 HARQ-ACK codebook determination

This subclause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.

9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel

A UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH
receptions or SPS PDSCH release on an active DL BWP of aserving cell C, asdescribed in Subclause 10.1, and for
which the UE transmits HARQ-ACK information in asame PUCCH in slot N based on

- PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK
information in slot N in response to PDSCH receptions or SPS PDSCH release

- dotoffsets K, [6, TS 38.214] provided by time domain resource assignment field in DCI format 1_0 or DCI

format 1_1 for scheduling PDSCH receptions or SPS PDSCH release and by pdsch-AggregationFactor, when
provided.

The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or
SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured
serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring
occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number M of PDCCH monitoring
occasions.

A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the
accumulative number of {serving cell, PDCCH monitoring occasion} -pair(s) in which PDSCH reception(s) or SPS
PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current
PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH
monitoring occasion index IT, where 0<m<M .

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of { serving cell,
PDCCH monitoring occasion} -pair(s) in which PDSCH reception(s) or SPS PDSCH rel ease associated with DCI
format 1_0 or DCI format 1_1 is present, up to the current PDCCH monitoring occasion m and is updated from PDCCH
monitoring occasion to PDCCH monitoring occasion.

Denote by VCD_LDA,,C,m the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving cell

C in PDCCH monitoring occasion I according to Table 9.1.3-1. Dencte by VTD_LDALm the value of the total DAI in DCI

format 1_1 in PDCCH monitoring occasion IT according to Table 9.1.3-1. The UE assumes a same value of total DAI
inall DCI formats 1 1in PDCCH monitoring occasion IT.

If the UE transmits HARQ-ACK information in aPUCCH in slot N and for any PUCCH format, the UE determines the

GOACK, alACK,---,Ggfcﬁ_l, for atotal number of O, HARQ-ACK information bits, according to the following pseudo-

code:

Set M=0 — PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds
to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion

Set j=0
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Set Vi =0

Set V,

temp2

=0
Set V=@

Set NE;S to the number of serving cells configured by higher layers for the UE

Set M to the number of PDCCH monitoring occasion(s)

while m<M

Set €=0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while ¢ < N2

if PDCCH monitoring occasion IT is before an active DL BWP change on serving cell C or an active UL
BWP change on the PCell and an active DL BWP change is not triggered by a DCI format 1 1 in PDCCH
monitoring occasion 1T

c=c+1.
ese

if thereisa PDSCH on serving cell C associated with PDCCH in PDCCH monitoring occasion IT, or
thereis a PDCCH indicating SPS PDSCH release on serving cell C

DL
VC—DAI,c,m S\/temp

if
j=j+1
end if

V,

_\/DL
temp _VC—DAI,c,m

If VTD—lE)AI,m = @

_\/DL
Vtempz _VC—DAI,c,m
else

V,

_\y/DL
temp2 _VT—DAI,m

end if

if harg-ACK-SpatialBundlingPUCCH is not provided and IT is a monitoring occasion for PDCCH
with DCI format 1_0 or DCI format 1_1 and the UE is configured by

maxNrofCodeWor dsScheduledByD CI with reception of two transport blocks for at least one
configured DL BWP of at least one serving cell,

~s?(+:;(vm ) = HARQ-ACK information bit corresponding to the first transport block of this cell
C-DAI,c,m

6ACK
- of\/DL
8] +2(VC—DAI ,c,m_1)+l

cell

= HARQ-ACK information bit corresponding to the second transport block of this

V=V, U {8] + 2(\/CD—LDAI c,m _1)’ 8j+ 2(\/CD—LDAI cm l)+ l}
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elseif harg-ACK-Spatial BundlingPUCCH is provided to the UE and M is a monitoring occasion for
PDCCH with DCI format 1_1 and the UE is configured by maxNrofCodeWordsScheduledByDCI with
reception of two transport blocksin at least one configured DL BWP of a serving cell,

6ACK

4j +VC.iLDAI cm

first and second transport blocks of this cell

_, = binary AND operation of the HARQ-ACK information bits corresponding to the

Vs =Vs U {41 +VCD—IbAl c,m _l}

else

0, %o, =HARQ-ACK information it of this cell

4 Ve pargm™
Vo=V U4V o -1l
end if
end if
c=c+1l
end if
end while
m=m+1
end while
i Vergz <Very
j=j+1
end if
if harg-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by

maxNrofCodeWor dsScheduledByD CI with reception of two transport blocks for at least one configured DL BWP of
aserving cdll,

0" =2-(4- | + Vi)
else

O =4 j+Vg,
end if
0" =NACK forany ie {0.1,.., 0% —1}\v,
set c=0

DL
while € < Neais

if SPS PDSCH reception is activated for a UE and the UE is configured to receive SPSPDSCH inaslot n—K,
for serving cell C, where K, . isthe PDSCH-to-HARQ-feedback timing value for SPS PDSCH on serving cell
c

OACK — OACK +1
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ACK

O nex_,= HARQ-ACK information bit associated with the SPS PDSCH reception
end if
c=c+1;
end while

For a PDCCH monitoring occasion with DCI format 1 0 or DCI format 1_1 in the active DL BWP of a serving cell,
when a UE receives a PDSCH with one transport block and the value of maxNrofCodeWor dsScheduledByDCl is 2, the
HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second
transport block if harg-ACK-Spatial BundlingPUCCH is not provided and generates HARQ-ACK information with
value of ACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is provided.

If aUE is not provided PDSCH-CodeBlockGroupTransmission for each of the N;hs serving cells, or for PDSCH
receptions scheduled by DCI format 1_0, or for SPS PDSCH reception, or for SPS PDSCH release, and if

Opck + Oz +0cg <11, the UE determines a number of HARQ-ACK information bits Nyaroack for obtaining a
transmission power for a PUCCH, as described in Subclause 7.2.1, as

Neiis—1 Neis—1('M-1
_ _ DL DL received
nHARQACK = nHARQACK,TB = [(VDAI,mES - ZUDAmJ mOd4J NTB,max + Z [Z Nm,c + NSPSCJ
c=0 c=0 \m=0

where

- if Ngyie =1, Vou,._ isthevalue of the counter DAI in the last DCI format 1_0 or DCI format 1_1 scheduling

PDSCH reception or indicating SPS PDSCH release for any serving cell C that the UE detects withinthe M
PDCCH monitoring occasions.

- if N2 >1

- if the UE does not detect any DCI format 1_1 in alast PDCCH monitoring occasion within the M PDCCH
monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or
indicating SPS PDSCH release for any serving cell C, vB-  isthe value of the counter DAI inalast DCI

DA, My

format 1_0 the UE detectsin the last PDCCH monitoring occasion

- if the UE detects at least one DCI format 1_1 in alast PDCCH monitoring occasion withinthe M PDCCH
monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or

indicating SPS PDSCH release for any serving cell C, Vg, isthe value of the total DAI in the at least one
DCI format 1 1

- VDDALL% =0 if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or
indicating SPS PDSCH release for any serving cell C in any of the M PDCCH monitoring occasions.

- Upac isthetotal number of DCI format 1_0 and DCI format 1_1 scheduling PDSCH receptions or indicating
SPS PDSCH release that the UE detects within the M PDCCH monitoring occasions for serving cell C.
U DAIC = 0 if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or
indicating SPS PDSCH release for serving cell C in any of the M PDCCH monitoring occasions.

_ NDL

TB, max

= 2 if the value of maxNrofCodeWordsScheduledByDCl is 2 for any serving cell C and harg-ACK-
SpatialBundlingPUCCH is not provided; otherwise, Nfj o =1.

- N;’f‘"ed is the number of transport blocks the UE receivesin aPDSCH scheduled by DCI format 1 0 or DCI
format 1_1 that the UE detectsin PDCCH monitoring occasion M for serving cell C if harg-ACK-
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SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by DCI format 1_0 and DCI
format 1_1 that the UE detectsin PDCCH monitoring occasion M for serving cell C if harg-ACK-
SpatialBundlingPUCCH is provided, or the number of DCI format 1_0 that the UE detects and indicate SPS
PDSCH release in PDCCH monitoring occasion M for serving cell C.

- Ngs, isthe number of SPS PDSCH receptions by the UE on serving cell C for which the UE transmits

corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to
PDSCH receptions within the M PDCCH monitoring occasions.

If aUE

- isprovided PDSCH-CodeBlockGroupTransmission for NCZ,Ll’SCBG serving cells; and

- isnot provided PDSCH-CodeBlockGroupTransmission, for N;,",;TB serving cells where

DL,TB DL,CBG __ DL
Ncells + Ncells - Ncells

the UE determinesthe 9, 6/*™,...,0.,& | according to the previous pseudo-code with the following modifications

N;,L,S is used for the determination of afirst HARQ-ACK sub-codebook for SPS PDSCH release, SPS PDSCH

reception, and for TB-based PDSCH receptions scheduled by DCI formats 1_0 on the NC%""SCBG serving cellsand

by DCI formats 1 0 and DCI formats 1_1 onthe N2.™® serving cells

- N;,L,S isreplaced by N;,""SCBG for the determination of a second HARQ-ACK sub-codebook corresponding to

the N;ﬁ’SCBG serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, and

- Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the
Neuis °¢ serving cells, the UE generates N a0 ree me HARQ-ACK information bits, where

DL

CBG/TB| CBGITB, DL,CBG .
N max . N max N Be |S

HARo Ak max 1S the maximum value of Nrg. - Niaroack e acrossall Nyt serving cells and
the value of maxNrofCodeWordsScheduledByDCI for serving cell C. If for aserving cell C itis
NT5 e - Niaso re o < NGano ac max » the UE generates NACK for the last
N Asa rek mac — Nt - Niano Atk HARQ-ACK information bits for serving cell C
- The pseudo-code operation when harg-ACK-Spatial BundlingPUCCH is provided is not applicable

- The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook

- The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first
HARQ-ACK sub-codebook

If OycxtOx+Qg <11, the UE also determines Nyarg.ack = Muarg-ack, 78 T Mharg-ack,cec for obtaining a
PUCCH transmission power, as described in Subclause 7.2.1, with

NDESP—1 NG&-1M-1
_ DL CBG CBG/TB,max receivedCBG
nHARQACK,CBG - VDAI,mag - ZU DAlc m0d4 NHARQ—ACK,max + Z Z Nm,c
c=0 c=0 m=0

where

- if N2 =1, V& m, isthevalue of the counter DAL in thelast DCI format 1_1 scheduling CBG-based
PDSCH reception for any serving cell C that the UE detects within the M PDCCH monitoring occasions
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if Negis>1, Viu . isthe value of thetotal DAI in the last DCI format 1_1 scheduling CBG-based PDSCH
reception for any serving cell C that the UE detects withinthe M PDCCH monitoring occasions

VD[LL,'mm = 0 if the UE does not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for any

serving cell C inany of the M PDCCH monitoring occasions

U Sars isthetotal number of DCI format 1_1 scheduling CBG-based PDSCH receptions that the UE detects

withinthe M PDCCH monitoring occasions for serving cell C. U Sﬁfc =0 if the UE does not detect any

DCI format 1_1 scheduling CBG-based PDSCH reception for serving cell C in any of the M PDCCH
monitoring occasions

N,ﬁcce“’e"'CBG is the number of CBGs the UE receivesin a PDSCH scheduled by DCI format 1_1 that the UE

detectsin PDCCH monitoring occasion M for serving cell C and the UE reports corresponding HARQ-
ACK information in the PUCCH

Table 9.1.3-1: Value of counter DAl in DCI format 1_0 and of counter DAI or total DAI DCI format 1_1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which

o VPE o VBt PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB C-DAI T-DAI _
SPS PDSCH release is present, denoted as Y and Y>1
0,0 1 (Y-1)mod 4+1=1
0,1 2 (Y-1)mod4+1=2
1,0 3 (Y-)mod 4+1=3
1,1 4 (Y-1)mod4+1=4
9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel

If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by aDCI format or is
scheduled by DCI format 0_0, then

if the UE has not received any PDCCH within the monitoring occasions for DCI format 1_0 or DCI format 1_1

for

scheduling PDSCH receptions or SPS PDSCH release on any serving cell ¢ and the UE does not have

HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in
Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

else, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that harg-ACK-
SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE
generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:

For the pseudo-code for the HARQ-ACK codebook generation in Subclause 9.1.3.1, after the completion of the
C and M loops, the UE sets Vg, =VDL;L, where V. isthe value of the DAI field in DCI format 0_1
according to Table 9.1.3-2

For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes afirst DAI field
corresponding to the first HARQ-ACK sub-codebook and a second DA field corresponding to the second
HARQ-ACK sub-codebook

harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH.

If aUE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by
DCI format 0_1 with DA field value V,”;,, = 4 and the UE has not received any PDCCH within the monitoring
occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH
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release on any serving cell C and the UE does not have HARQ-ACK information in response to a SPS PDSCH
reception to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK
information in the PUSCH transmission.

If aUE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI
format 0_1 with first DAI field value V', =4 or with second DAL field value V,’,, =4 and the UE has not
received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or with DCI format 1_1,

respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell C and the UE does not have
HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Subclause
9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook,
respectively, in the PUSCH transmission.

Table 9.1.3-2: Value of DAl in DCI format 0_1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
MSEAII_SB VTLileI PDSCH transmission(s) associated with PDCCH or PDCCH indicating
’ SPS PDSCH release is present, denoted as X and X =1
0,0 1 (X -1)mod4+1=1
0,1 2 (X =1)mod 4+1=2
1,0 3 (X =1)mod 4+1=3
1,1 4 (X -1)mod 4+1=4
9.2 UCI reporting in physical uplink control channel

UCI typesreported in a PUCCH include HARQ-ACK information, SR, and CSl. UCI bits include HARQ-ACK
information bits, if any, SR information bits, if any, and CSI bits, if any. The HARQ-ACK information bits correspond
to aHARQ-ACK codebook as described in Subclause 9.1.

A UE may transmit one or two PUCCHs on a serving cell in different symbols within a dot of N;'/?;b symbols as defined

in[4, TS38.211]. When the UE transmits two PUCCHsin adlot, at least one of the two PUCCHSs uses PUCCH format
0 or PUCCH format 2.

In Subclauses 9.2.3,9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bhits if anumber of respective UCI bitsislarger than or
equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bits as
described in [5, TS 38.212].

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config,
aPUCCH resource set is provided by pucch-ResourceCommon through an index to arow of Table 9.2.1-1 for

transmission of HARQ-ACK information on PUCCH in an initial UL BWP of g\ffp PRBs. The PUCCH resource set

. . . . . ff
includes sixteen resources, each corresponding to a PUCCH format, afirst symbol, a duration, a PRB offset R WSS‘,

and acyclic shift index set for aPUCCH transmission. The UE transmits a PUCCH using frequency hopping. An
orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. The UE
transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a
RAR UL grant as described in Subclause 8.3.

If aUE is not provided pdsch-HARQ-ACK-Codebook, the UE generates at most one HARQ-ACK information bit.
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or

DCI format 1_1, the UE determines a PUCCH resource with index Ipyccy, O<Tpyccn <15, as

2:n
FouceH = {ﬂJ +2-Apg , Where Ny isanumber of CCEsin a CORESET of a PDCCH reception with DCI

N CCE

ETSI



3GPP TS 38.213 version 15.7.0 Release 15 54 ETSI TS 138 213 V15.7.0 (2019-10)

format 1_0 or DCI format 1_1, as described in Subclause 10.1, Nee, istheindex of afirst CCE for the PDCCH
reception, and Apg, isavalue of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1.
If |_rPUCCH /8J= 0

- the UE determines the PRB index of the PUCCH transmission in the first hop as RBE™® + | r,, o, /Nes | and the

PRB index of the PUCCH transmission in the second hop as N3, —1— RBY™ _|r, ., /Nes |, where N is
the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

- the UE determinestheinitial cyclic shift index in the set of initial cyclic shift indexes as pyccyMOANg

If LrWCCH /SJ =1

- the UE determines the PRB index of the PUCCH transmission in the first hop as
NSz, —1— RBI™ _| (. ,ccn —8)/ Nes | and the PRB index of the PUCCH transmission in the second hop as

R Oi/fvsl"it + L(rPUCCH _8)/ NCSJ

- the UE determines theinitial cyclic shift index in the set of initial cyclic shift indexes as (fpcq—8)ModN.s

Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

. PRB offset Set of initial

Index PUCCH format | First symbol | Number of symbols R OUvsg CS indexes

0 0 12 2 0 {0, 3}

1 0 12 2 0 {0, 4, 8}

2 0 12 2 3 {0, 4, 8}

3 1 10 4 0 {0, 6}

4 1 10 4 0 {0, 3, 6, 9}

5 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 {0, 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 [Nz /4] 0.3,6,9)

If a UE has dedicated PUCCH resource configuration, the UE is provided by higher layers with one or more PUCCH
resources.

A PUCCH resource includes the following parameters:
- aPUCCH resource index provided by pucch-Resourceld
- anindex of thefirst PRB prior to frequency hopping or for no frequency hopping by startingPRB
- anindex of thefirst PRB after frequency hopping by secondHopPRB;
- anindication for intra-gl ot frequency hopping by intraS otFrequencyHopping
- aconfiguration for a PUCCH format, from PUCCH format 0 through PUCCH format 4, provided by format

If the format indicates PUCCH-format0, the PUCCH format configured for a PUCCH resource is PUCCH format 0,
where the PUCCH resource also includes an index for an initial cyclic shift provided by initial CyclicShift, a number of
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symbols for a PUCCH transmission provided by nrofSymbols, afirst symbol for the PUCCH transmission provided by
startingSymbol Index.

If the format indicates PUCCH-format1, the PUCCH format configured for a PUCCH resource is PUCCH format 1,
where the PUCCH resource aso includes an index for aninitial cyclic shift provided by initial CyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, afirst symbol for the PUCCH transmission provided by
startingSymbollndex, and an index for an orthogonal cover code by timeDomainOCC.

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for aPUCCH resourceis
PUCCH format 2 or PUCCH format 3, respectively, where the PUCCH resource a so includes a number of PRBs
provided by nrofPRBs, a number of symbols for a PUCCH transmission provided by nrofSymbols, and afirst symbol
for the PUCCH transmission provided by startingSymbol I ndex.

If the format indicates PUCCH-format4, the PUCCH format configured for a PUCCH resource is PUCCH format 4,
where the PUCCH resource also includes a number of symbols for a PUCCH transmission provided by nrofSymbols, a
length for an orthogonal cover code by occ-Length, an index for an orthogonal cover code by occ-Index, and afirst
symbol for the PUCCH transmission provided by startingSymbollndex.

A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by PUCCH-
ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetld, with a set of
PUCCH resource indexes provided by resourcelist that provides a set of pucch-Resourceld used 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 by maxPayloadMinusl. For the first PUCCH resource set, the maximum number of UCI
information bitsis 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by
maxNrofPUCCH-Resour cesPer Set. The maximum number of PUCCH resourcesin the first PUCCH resource set is 32
and the maximum number of PUCCH resources in the other PUCCH resource setsis 8.

If the UE transmits O, UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH
resource set to be

- afirst set of PUCCH resources with pucch-ResourceSetld = 0 if Oy < 2 including 1 or 2 HARQ-ACK

information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK
information and SR occurs simultaneously, or

- asecond set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if 2<Q, <N,
where N, isequal to maxPayloadMinusl if maxPayloadMinusl is provided for the PUCCH resource set with
pucch-ResourceSetld = 1; otherwise N, isequal to 1706, or

- athird set of PUCCH resources with pucch-ResourceSetld = 2, if provided by higher layers, if N, <O, < Nj
where N5 isequal to maxPayloadMinusl if maxPayloadMinusl is provided for the PUCCH resource set with
pucch-ResourceSetld = 2; otherwise N;isequal to 1706, or

- afourth set of PUCCH resources with pucch-ResourceSetld = 3, if provided by higher layers, if
N; <Oyq £1706.

9.2.2 PUCCH Formats for UCI transmission
If aUE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in a PUCCH using
- PUCCH format O if
- thetransmission isover 1 symbol or 2 symbols,
- the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR hits) is1 or 2
- PUCCH format 1 if

- thetransmission isover 4 or more symbols,
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- the number of HARQ-ACK/SR bitsis 1 or 2
- PUCCH format 2 if

- thetransmission isover 1 symbol or 2 symbols,

- the number of UCI bitsis more than 2
- PUCCH format 3 if

- thetransmission isover 4 or more symbols,

- the number of UCI bitsis more than 2,

- the PUCCH resource does not include an orthogonal cover code
- PUCCH format 4 if

- thetransmission isover 4 or more symbols,

- the number of UCI bitsis more than 2,

- the PUCCH resource includes an orthogonal cover code

A spatial setting for a PUCCH transmission is provided by PUCCH-Spatial Relationlnfo if the UE is configured with a
single value for pucch-SpatialRelationlnfol d; otherwise, if the UE is provided multiple values for PUCCH-
FoatialRelationl nfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
The UE applies corresponding actionsin [11, TS 38.321] and a corresponding setting for a spatial domain filter to
transmit PUCCH in the first slot that is after Slot k+3- N4 where k is the slot where the UE would transmit a

PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-
SpatialRelationinfo and u isthe SCS configuration for the PUCCH

- If PUCCH-SpatialRelationlnfo provides ssb-1ndex, the UE transmits the PUCCH using a same spatial domain
filter as for areception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if
servingCellld is provided, for a serving cell indicated by servingCellld

- eseif PUCCH-Spatial Relationlnfo provides csi-RS-Index, the UE transmits the PUCCH using a same spatial
domain filter as for areception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell
or, if servingCellld is provided, for aserving cell indicated by servingCellld

- else PUCCH-Spatial RelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter
asfor atransmission of a SRS with resource index provided by resource for a same serving cell and/or active UL
BWP or, if servingCellld and/or uplinkBWP are provided, for a serving cell indicated by servingCellld and/or for
an UL BWP indicated by uplinkBWP

A number of DMRS symbols for aPUCCH transmission using PUCCH format 3 or 4 is provided by additional DMRS.

Use of n/2-PBSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 isindicated by pi2BPSK.

9.2.3 UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in adot.

For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field valuesmapto {1, 2, 3,4, 5, 6, 7, 8}. For
DCI format 1_1, if present, the PDSCH-to-HARQ_feedback timing indicator field values map to values for a set of
number of dots provided by dI-DataToUL-ACK as defined in Table 9.2.3-1.

For a SPS PDSCH reception ending in slot N, the UE transmits the PUCCH in slot n+Kwhere K isprovided by the
PDSCH-to-HARQ feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the
SPS PDSCH reception.

If the UE detectsa DCI format 1_1 that does not include a PDSCH-to-HARQ_feedback timing indicator field and
schedules a PDSCH reception or activates a SPS PDSCH reception ending in dot N, the UE provides corresponding

HARQ-ACK information in a PUCCH transmission within slot N+k where K isprovided by dl-DataToUL-ACK.
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With reference to dots for PUCCH transmissions, if the UE detectsa DCI format 1_0 or aDCI format 1_1 scheduling a
PDSCH reception ending in ot N or if the UE detectsa DCI format 1_0 indicating a SPS PDSCH release through a
PDCCH reception ending in slot N, the UE provides corresponding HARQ-ACK information in a PUCCH transmission

within slot n+k, where K isanumber of sots and isindicated by the PDSCH-to-HARQ feedback timing indicator

field in the DCI format, if present, or provided by dl-DataToUL-ACK. 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.

A PUCCH transmission with HARQ-ACK information is subject to the limitations for UE transmissions described in
Subclause 11.1 and Subclause 11.1.1.

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 bits 3 bits

‘0’ '00' '000' 15t value provided by dI-DataToUL-ACK
‘1 '01' '001' 2" value provided by dl-DataToUL-ACK
'10' '010' 3" value provided by dI-DataToUL-ACK

‘11 ‘011 4" value provided by dl-DataToUL-ACK

'100" 5% value provided by dl-DataToUL-ACK

'101" 6" value provided by dl-DataToUL-ACK

'110' 7" value provided by dl-DataToUL-ACK

'111' 8" value provided by dl-DataToUL-ACK

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set
of PUCCH resources for O, HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource

determination is based on a PUCCH resource indicator field [5, TS 38.212] inalast DCI format 1_0 or DCI format 1 1,
among the DCI formats1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ _feedback timing indicator
field indicating a same ot for the PUCCH transmission, that the UE detects and for which the UE transmits
corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI
formats are first indexed in an ascending order across serving cellsindexes for a same PDCCH monitoring occasion and
are then indexed in an ascending order across PDCCH monitoring occasion indexes.

The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table
9.2.3-2, provided by resourceList for PUCCH resources from a set of PUCCH resources provided by PUCCH-
ResourceSet with a maximum of eight PUCCH resources.

For the first set of PUCCH resources and when the size R, Of resourceList islarger than eight, when a UE provides
HARQ-ACK information in a PUCCH transmission in response to detecting alast DCI format 1_0 or DCI format 1_1

in a PDCCH reception, among DCI formats 1_0 or DCI formats 1_1 with a value of the PDSCH-to-HARQ_feedback
timing indicator field indicating a same slot for the PUCCH transmission, the UE determines a PUCCH resource with

index Toyecy » 0= Toyoen< Reycen—1, @8

{ nCCE, p '(RPUCCH / 8—‘
N

J+APRI {Rﬂgﬁ'—‘ if  Apg < Roycey Mmod8

CCE,p

rPUCCH

n . 8

{CCE'DNURP‘W/JJ+APR| {RPUSCCHJ+ Reycy Mod8 if  Apy = Royeoy Mod8
CCE, p

where N isanumber of CCEsin CORESET P of the PDCCH reception for the DCI format 1_0 or DCI format

CCE,p

1 1 asdescribed in Subclause 10.1, Nece , istheindex of afirst CCE for the PDCCH reception, and Apg, isavalue of
the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1.

ETSI



3GPP TS 38.213 version 15.7.0 Release 15 58 ETSI TS 138 213 V15.7.0 (2019-10)

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

‘000" 15t PUCCH resource provided by pucch-ResqurceId obtained from the
15t value of resourcelList

001" 2"d PUCCH resource provided by pucch-ResqurceId obtained from the
2"¢ value of resourceList

010" 3 PUCCH resource provided by pucch-Reso_urceId obtained from the
3" value of resourceList

011" 4" PUCCH resource provided by pucch—ResqurceId obtained from the
4" value of resourcelist

100" 5" PUCCH resource provided by pucch-Reso_urceId obtained from the
5% value of resourceList

101" 6" PUCCH resource provided by pucch-ResqurceId obtained from the
6™ value of resourceList

110" 7t PUCCH resource provided by pucch-ResqurceId obtained from the
7" value of resourceList

111" 8" PUCCH resource provided by pucch—ResqurceId obtained from the
8" value of resourcelist

If aUE detectsafirst DCI format 1 0 or DCI format 1_1 indicating afirst resource for a PUCCH transmission with
corresponding HARQ-ACK information in a slot and also detects at alater time a second DCI format 1_0 or DCI
format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the
dlot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a
PUCCH resource in the dot if the PDCCH reception that includes the second DCI format is not earlier than

N, - (2048+144) - k- 27" T, from the beginning of afirst symbol of the first resource for PUCCH transmission in

the slot where, x and T, are defined in subclause 4.1 of [4, TS 38.211] and 4 correspondsto the smallest SCS

configuration among the SCS configurations of the PDCCHSs providing the DCI formats and the SCS configuration of
the PUCCH. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the
second DCI format and for al serving cells with corresponding HARQ-ACK information multiplexed in the PUCCH
transmissionintheslot, N,=3 for £ =0, N,=45 for £ =1, N,=9 for 4 =2; otherwise, N,=8 for 4 =0,

N, =10 for £ =1, N, =17 for u=2, N, =20 for 4 =3.

If a UE transmits HARQ-ACK information corresponding only to a PDSCH reception without a corresponding
PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK information is provided by
n1PUCCH-AN.

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format O, the UE determines values m, and
M. for computing a value of cyclic shift & [4, TS 38.211] where m, is provided by initial CyclicShift of PUCCH-
formatO or, if initial CyclicShift is not provided, by the initial cyclic shift index as described in Subclause 9.2.1 and m¢

is determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information
bitsasin Table 9.2.3-3 and Table 9.2.3-4, respectively.

Table 9.2.3-3: Mapping of values for one HARQ-ACK information bit to sequences for PUCCH format
0

HARQ-ACK Value 0 1
Sequence cyclic shift me =0 M =6

Table 9.2.3-4: Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format

0
HARQ-ACK Value {0, 0} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift M =0 Mg =3 M =6 Mes =9
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If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided avaue for m,
by initial CyclicShift of PUCCH-format1.

If aUE transmits a PUCCH with O, HARQ-ACK information bits and O, bits using PUCCH format 2 or PUCCH

format 3in a PUCCH resource that includes Mgg ' PRBS, the UE determines a number of PRBs M fyoc for the

PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs MngJCCH

provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
from the number of PRBs, that results to (Oac +Ogre) < Mimn - Nbwn - Novooe - Qn I and, if M > 1,
(Oacx +Ocre) > (MFCEH 1) NFB, - NPUSSH Q. -1, where NZ&,, | NPYSSH, Q.. and I are defined in Subclause

9.2.5.2. For PUCCH format 3, if M fg iy isnot equal 2% - 3% - 5% according to [4, TS38.211], Mg it is

increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If
(Ouc +Ourc) > (MEYOH_1)- NFB - NPUS Q. -1 , the UE transmits the PUCCH over MY PRBs;

scotrl " ! Vsy

9.24 UE procedure for reporting SR

A UE isconfigured by higher layer paremater SchedulingRequestResourceConfig a set of configurations for SRin a
PUCCH transmission using either PUCCH format 0 or PUCCH format 1.

The UE is configured a PUCCH resource by SchedulingRegquestResourceld providing a PUCCH format O resource or a
PUCCH format 1 resource as described in Subclause 9.2.1. The UE is also configured a periodicity SRocriopigry 1N

symbols or slots and an offset SR,; in slots by periodicityAndOffset for a PUCCH transmission conveying SR. If
Reeriopiary 1S larger than one slot, the UE determines a SR transmission occasion in a PUCCH to be in aglot with

number NZ; [4, TS38.211] in aframe with number n, if (nf NG 4 - S'%Fpser)mOdSRpEmomcm =0.
If Recrooicy 1S0Ne slot, the UE expectsthat SR,o; =0 and every slot isa SR transmission occasion in a PUCCH.

If Recropigy 1S SMaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol

withindex | [4, TS38.211] if (I -1, Mod SRecgiopiciry )MOd SRegiapiciry = 0 where |, isthe value of
startingSymbol I ndex.

If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the
PUCCH transmission in adot is smaller than the value provided by nrofSymbols, the UE does not transmit the PUCCH
inthe dot.

SR transmission occasionsin a PUCCH are subject to the limitations for UE transmissions described in Subclause 11.1
and Subclause 11.1.1.

The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE
transmits a positive SR. For apositive SR transmission using PUCCH format 0, the UE transmits the PUCCH as

described in [4, TS 38.211] by obtaining m, as described for HARQ-ACK information in Subclause 9.2.3 and by
setting m,,=0. For a positive SR transmission using PUCCH format 1, the UE transmits the PUCCH as described in [4,
TS 38.211] by setting b(0) = 0.

9.25 UE procedure for reporting multiple UCI types

This Subclause is applicable to the case that a UE has overlapping resources for PUCCH transmissions or for PUCCH
and PUSCH transmissions and each PUCCH transmission is over a single slot without repetition. Any case that a
PUCCH transmission is with repetitions over multiple slotsis described in Subclause 9.2.6. If a UE is configured with
multiple PUCCH resourcesin adlot to transmit CSI reports

- if the UE is not provided multi-CS-PUCCH-ResourceList or if PUCCH resources for transmissions of CSl
reports do not overlap in the slot, the UE determines a first resource corresponding to a CSl report with the
highest priority [6, TS 38.214]
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- if thefirst resource includes PUCCH format 2, and if there are remaining resourcesin the slot that do not
overlap with the first resource, the UE determines a CSl report with the highest priority, among the CSI
reports with corresponding resources from the remaining resources, and a corresponding second resource as
an additional resource for CSl reporting

- if thefirst resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resourcesin
the dlot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSl
report with the highest priority, among the CSI reports with corresponding resources from the remaining
resources, and a corresponding second resource as an additional resource for CS| reporting

- if the UE is provided multi-CS-PUCCH-ResourcelList and if any of the multiple PUCCH resources overlap, the
UE multiplexes al CSl reportsin aresource from the resources provided by multi-CS-PUCCH-Resourcelist, as
described in Subclause 9.2.5.2.

A UE multiplexes HARQ-ACK information, with or without SR, and CSI resport(s) in asame PUCCH if the UE is
provided simultaneousHARQ-ACK-CS; otherwise, the UE drops the CSlI report(s) and includes only HARQ-ACK
information, with or without SR, in the PUCCH. If the UE would transmit multiple PUCCHs in a slot that include
HARQ-ACK information and CSI report(s), the UE expects to be provided a same configuration for
simultaneousHARQ-ACK-CS each of PUCCH formats 2, 3, and 4.

If a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the
PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSl reports assuming that each
of the CSl reportsindicates rank 1.

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCHY(s) in aslot and,
when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI typesin
one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs isin response to a DCI format detection
by the UE, the UE multiplexes all corresponding UCI typesif the following conditions are met. If one of the PUCCH
transmissions or PUSCH transmissionsisin response to a DCI format detection by the UE, the UE expects that the first
symbol S, of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies

the following timeline conditions

mux

- S, isnot before asymbol with CP starting after 77, ; after alast symbol of any corresponding PDSCH, Troc

proc,1

is given by maximum of {T"““"1 o T L } where for the i-th PDSCH with corresponding HARQ-ACK

proc,1’ » % proc,1’
Mmux,i

transmission on a PUCCH which isin the group of overlapping PUCCHs and PUSCHSs, T =

proc,1
(N, +dy; +1) - (2048 + 144) - k- 27% - T, dy ; is selected for thei-th PDSCH following [6, TS 38.214],
N, is selected based on the UE PDSCH processing capability of the i-th PDSCH and SCS configuration u,
where u corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH

scheduling the i-th PDSCH (if any), the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission
for i-th PDSCH, and all PUSCHSs in the group of overlapping PUCCHs and PUSCHSs.

- S, isnot before asymbol with CP starting after T}y rereqse ater alast symbol of any corresponding SPS
PDSCH release. T'se ciease 1S Given by maximum of {T;';’fé‘;elem, e T eleaser } wherefor thei-th
PDCCH providing the SPS PDSCH release with corresponding HARQ-ACK transmission on a PUCCH whichis
in the group of overlapping PUCCHs and PUSCHS, T, 00 oase = (N + 1) - (2048 + 144) - k- 27" - T¢, N is
described in Subclause 10.2 and is selected based on the UE PDSCH processing capability of thei-th SPS
PDSCH release and SCS configuration u, where u corresponds to the smallest SCS configuration among the
SCS configurations used for the PDCCH providing the i-th SPS PDSCH release, the PUCCH with corresponding
HARQ-ACK transmission for i-th SPS PDSCH release, and all PUSCHs in the group of overlapping PUCCHs
and PUSCHs.

- if thereis no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHS,
S, isnot before a symbol with CP starting after T}, , after alast symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH scheduling aPDSCH or SPS PDSCH release with corresponding HARQ-ACK information in
an overlapping PUCCH in the slot
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If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHS, T;;757 »is given by maximum

of {Tyruxs, -, Toveas, -+ } where for the i-th PUSCH which isin the group of overlapping PUCCHSs and
PUSCHS, T/"4 = max ((N2 + gy + 1) (2048 + 144) - k- 27 - T, dy ), dy1and d are selected for thei-

th PUSCH following [6, TS 38.214], N, is selected based on the UE PUSCH processing capability of thei-th
PUSCH and SCS configuration u, where u corresponds to the smallest SCS configuration among the SCS
configurations used for the PDCCH scheduling the i-th PUSCH (if any), the PDCCHs scheduling the PDSCHs
with corresponding HARQ-ACK transmission on a PUCCH which isin the group of overlapping
PUCCHS/PUSCHS, and all PUSCHSs in the group of overlapping PUCCHs and PUSCHs.

If there is no PUSCH in the group of overlapping PUCCHs and PUSCHS, T;757 »is given by maximum of
{rmeer ... Tl ...} where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH

proc,2’ proc,2’

which isin the group of overlapping PUCCHSs, ™! = (N, 4+ 1) - (2048 + 144) - i - 27# - T, N,is selected

" “proc,2
based on the UE PUSCH processing capability of the PUCCH serving cell if configured. N, is selected based on
the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH
serving cell. u is selected based on the smallest SCS configuration between the SCS configuration used for the
PDCCH scheduling the i-th PDSCH (if any) with corresponding HARQ-ACK transmission on a PUCCH which
isin the group of overlapping PUCCHSs, and the SCS configuration for the PUCCH serving cell.

- if thereisan aperiodic CSl report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHS,

S, isnot before asymbol with CP starting after Teecs = max((z +d)-(2048+144)- k- 27 - T, dz,z) after a
last symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH scheduling a PDSCH or SPS PDSCH rel ease with corresponding HARQ-ACK information in
an overlapping PUCCH in the slot

where u corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the

smallest SCS configuration for the group of the overlapping PUSCHSs, and the smallest SCS configuration of
CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and

d=2for u=0,1,d=3for yu=2and d=4 for u=3
- N, N, dy,d,y, d,,,and Z aredefinedin[6, TS38.214], and X and T. aredefinedin[4, TS 38.211].

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCHY(s) in adlot, one
of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH isnot in
response to a DCI format detection, the UE expects that the first symbol S, of the earliest PUCCH or PUSCH stisfies

the first of the previous timeline conditions with the exception that components associated to a SCS 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 isin response to a DCI format detection to overlap with any other
PUCCH or PUSCH that does not satisfy the above timing conditions.

If there is one or more aperiodic CSI reports multiplexed on PUSCHs in the group of overlapping PUCCHs and
PUSCHs and if symbol S, ishbefore symbol z 7> that isanext uplink symbol with CP starting after

Z o =(2'+d)-(2048+144)- k- 27 - T, after the end of the last symbol of
- thelast symbol of aperiodic CSI-RS resource for channel measurements, and

- thelast symbol of aperiodic CSI-IM used for interference measurements, and

- thelast symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RSis used for
channel measurement for triggered CSl report n

the UE is not required to update the CSI report for the triggered CSl report N. Z' isdefined in[6, TS 38.214] and u«

corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHSs scheduling the PUSCHs,
the smallest SCS configuration of aperiodic CSI-RSs associated with DCI formats provided by the PDCCHSs triggering

the aperiodic CSI reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHsand d =2 for
#=01, d=3for u=2and d=4 for u=3.
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If a UE would transmit multiple PUCCHsin aslot that include HARQ-ACK information, SR, and CSl reports and any
PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap with any
other PUCCH or PUSCH in the dot that does not satisfy the above timing conditions, the UE multiplexes HARQ-ACK
information, SR, and CSI reports and determines corresponding PUCCH(s) for transmission in the slot according to the
following pseudo-code. If the multiple PUCCHSs do not include HARQ-ACK information and do not overlap with any
PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing conditions do not apply.

If
- aUEisnot provided multi-CS-PUCCH-ResourceList, and

- aresource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception
and/or aresource for a PUCCH associated with a SR occasion overlap in time with two resources for respective
PUCCH transmissions with two CS| reports, and

- thereisno resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format
detection that overlapsin time with any of the previous resources, and

- thefollowing pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-
ACK and/or the SR resource and the two PUCCH resources with CSI reports

the UE

- multiplexes the HARQ-ACK 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 resources for transmission of corresponding PUCCHSs in a single slot without repetitions where

- aresource with earlier first symbol is placed before a resource with later first symbol

- for two resources with same first symbol, the resource with longer duration is placed before the resource with
shorter duration

- for two resources with same first symbol and same duration, the placement is arbitrary

- the above three steps for the set Q  are according to a subsequent pseudo-code for afunction order(Q)

- aresource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSl
transmission is excluded from set Q

- if the UE is not provided simultaneousHARQ-ACK-CS and resources for transmission of HARQ-ACK
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 from the set Q if they overlap with

any resource from the resources for transmission of HARQ-ACK information

- if the UE is not provided simultaneousHARQ-ACK-CS and 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
fromthesat Q

- resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set Q if they
overlap with any resource from the resources for transmission of HARQ-ACK information

Set ¢(Q) to the cardinality of Q
Set Q(j,0) to be the first symbol of resource Q(j) inthe slot
Set L(Q(j)) to be the number of symbols of resource Q(j) intheslot

Set j =0 -index of first resourcein set Q
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Set 0=0 - counter of overlapped resources
while j<¢(Q)-1
if j<¢(Q)-1 and resource Q(j—o0) overlaps with resource Q(j +1)
0=0+1
j=j+1
else

if 0>0

determine a single resource for multiplexing UCI associated with resources {Q(j —0),Q(j —0+1),...,Q(j)} as
described in Subclauses 9.2.5.1 and 9.2.5.2

set the index of the single resourceto j
Q=Q\{Q(j~0).Q(j-0+1)... Q(j -1}
j =0 % start from the beginning after reordering unmerged resources at next step
0=0
order(Q) % function that re-orders resourcesin current set Q
Set ¢(Q) to the cardinality of Q
else
j=j+1
end if
end if
end while

The function order(Q) performs the following pseudo-code
{
k=0
while k < 6’(Q)—1 % the next two while loops are to re-order the unmerged resources
=0
while | <£(Q)-1-k
if Q(1,0)>Q(l+10) OR (Q(,0)=Q( +10) & L(Q())) < L(Q( +1))
temp=Q(l)
Qh)=Q( +1)
Q(I +1) = temp
end if
I=l+1
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end while
k=k+1
end while

}
For each PUCCH resourceintheset Q that satisfies the aforementioned timing conditions, when applicable,

- the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a
PUSCH transmission after multiplexing UCI following the procedures described in Subclauses 9.2.5.1 and
9.25.2

- the UE multiplexes HARQ-ACK information and/or CSl reportsin a PUSCH if the PUCCH resource overlapsin
time with a PUSCH transmission, as described in Subclause 9.3, and does not transmit SR. In case the PUCCH
resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-ACK
information and/or CSl is selected as described in Subclause 9. If the PUSCH transmission by the UE isnot in
response to a DCI format detection and the UE multiplexes only CSl reports, the timing conditions are not
applicable

- the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple
dotsif the resource is obtained from a group of resources that do not overlap with the second resource.

Subclauses 9.2.5.1 and 9.2.5.2 assume the following
- resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in aslot
- multiplexing conditions of corresponding UCI typesin asingle PUCCH are satisfied, and

- the UE does not transmit any time-overlapping PUSCH in a same frequency band in the dlot.

9.251 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH

In the following, a UE is configured to transmit K PUCCHSs for respective K SRsin aslot, as determined by a set of
schedulingRequestResourceld, with SR transmission occasions that would overlap with a transmission of a PUCCH
with HARQ-ACK information from the UE in the slot or with atransmission of a PUCCH with CSI report(s) from the
UE in the dlot.

If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in aresource using
PUCCH format 0O, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK
information as described in Subclause 9.2.3. The UE determines avalue of m, and m.g for computing a value of

cyclic shift & [4, TS38.211] where my is provided by initialcyclicshift of PUCCH-formatO, and m.g is determined

from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bitsasin Table
9.2.5-1 and Table 9.2.5-2, respectively.

If the UE would transmit negative SR and a PUCCH with at most two HARQ-ACK information bitsin aresource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 for HARQ-ACK information as
described in Subclause 9.2.3.

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 Mg =9
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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, O} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift ms=1 Mg =4 Meg =7 M. =10

If a UE would transmit positive or negative SR in aresource using PUCCH format 0 and HARQ-ACK information bits
in aresource using PUCCH format 1 in aslot, the UE transmits only a PUCCH with the HARQ-ACK information bits
in the resource using PUCCH format 1.

If the UE would transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK
information bits in a second resource using PUCCH format 1 in aslot, the UE transmits a PUCCH with HARQ-ACK
information bits in the first resource using PUCCH format 1 as described in Subclause 9.2.3. If a UE would transmit
negative SR in aresource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using
PUCCH format 1 in adlot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK
information as described in Subclause 9.2.3.

If a UE would transmit a PUCCH with O, HARQ-ACK information bitsin aresource using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4 in aslot, as described in Subclause 9.2.3, [log, (K +1)] bits representing a
negative or positive SR, in ascending order of the values of schedulingRequestResourceld, are appended to the HARQ-
ACK information bits and the UE transmits the combined O, =OACK+[I og,(K +1ﬂ UCI bitsinaPUCCH using a

resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as described in
Subclauses 9.2.1 and 9.2.3. An al-zero value for the [log, (K +1)] bits represents a negative SR value acrossall K

SRs.

If aUE would transmit a PUCCH with Q. CSl report bitsin a resource using PUCCH format 2 or PUCCH format 3 or
PUCCH format 4inadlot, |_Iog (K + 1)-| bits representing corresponding negative or positive SR, in ascending order of
the values of schedulingRequestResourceld, are prepended to the CSI information bits as described in Subclause 9.2.5.2
and the UE transmits a PUCCH with the combined O, =[log,(K +1) |+ 0.y UCI bitsin aresource using the PUCCH

format 2 or PUCCH format 3 or PUCCH format 4 for CSI reporting. An al-zero value for the ﬂ ng(K +1ﬂ bits
represents a negative SR value acrossall K SRs.

If a UE transmits aPUCCH with O, HARQ-ACK information bits, Og, =[log, (K +1)| SR bits, and O, CRC bits

using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes M ;,L;CCH PRBs, the UE determines a

number of PRBs M ;% for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or

equal to anumber of PRBs provided respectively by nrofPRBsin PUCCH-format2 or nrofPRBsin PUCCH-format3
and starts from the first PRB from the number of PRBs, that results to

PUCCH n|RB PUCCH . PUCCH
(OACK +0x +OCRC) S Mggmin * Neen - Nymouci Q-1 and, if Mgg™" >1,

(OACK +0g +OCRC) > (M ngn?? _1)' N;:?:trl ’ sttfin?}c&u Q-1 , where Ns:,BctrI ) N;lrJn%ﬂ-(in , Qm ,and I' aredefinedin

Subclause 9.2.5.2. For PUCCH format 3, if M fgon isnot equal 2% - 3% -5% according to [4, TS 38.211],
M RP;%?,': isincreased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

(Opck +Ox +Ope) > (M puceH —l)- NES - Nt - Q1 , the UE transmits the PUCCH over the Miz ' PRBs.

sc,ctrl

9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

For atransmission occasion of asingle CSl report, a PUCCH resource is provided by pucch-CS-Resourcelist. For a
transmission occasion of multiple CSl reports, corresponding PUCCH resources can be provided by multi-CSl-
PUCCH-ResourceList.

If aUE is provided only one PUCCH resource set for transmission of HARQ-ACK 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
simultaneousHARQ-ACK-CSl.
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A UE is configured by maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and CSl report(s) in a PUCCH
transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4.

If a UE transmits CSl reports using PUCCH format 2, the UE transmits only wideband CSI for each CSI report [6, TS
38.214]. Inthe following, a Part 1 CSI report refers either to a CSl report with only wideband CSI or to a Part 1 CSl
report with wideband CSI and sub-band CSl.

Denote as

O, atotal number of HARQ-ACK information bits, if any

Oy, atotal number of SR bits. O, = 0 if there s no scheduling request bit; otherwise, Og, =|log, (K +1)] as
described in Subclause 9.2.5.1

total
Necg

Ocs = 2, (ocg_ partin +OCSI-par12,n)’ where ch_panlyn isanumber of Part 1 CSl report bits for CSI report with

n=1

priority value N, Ocg_paro n iS@number of Part 2 CSl report bits, if any, for CSI report with priority value N
[6, TS38.214], and NS isanumber of CSI reports that include overlapping CSI reports

Ocre = OCRc,cg.part1+OCRc,cs|.pan2, where OCRc,csI-panl isanumber of CRC bits, if any, for encoding HARQ-
ACK, SR and Part 1 CSl report bits and Ocpc cg-parz 1S @NnUmber of CRC bits, if any, for encoding Part 2 CSI
report bits

In the following

I' isacoderate given by maxCodeRate asin Table 9.2.5.2-1.

M F° is anumber of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,
where M 2° is provided by nrofPRBsin PUCCH-format2 for PUCCH format 2 or by nrofPRBsin PUCCH-
format3 for PUCCH format 3, and M7;°*"=1 for PUCCH format 4

NRB

sc,ctrl

=NEB —4 for PUCCH format 2, N2, = N2 for PUCCH format 3, and NE5, = NE® /NS for

PUCCH format 4, where NS'EB isanumber of subcarriers per resource block [4, TS 38.211]

NSmo-uer isequal to anumber of PUCCH symbols NEc“* for PUCCH format 2 provided by nrofSymbolsin

symb
PUCCH

PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, Ngqp7c; isequal to anumber of PUCCH

symbols NZ2°** for PUCCH formet 3 or equal to anumber of PUCCH symbols Nt for PUCCH format

4 provided by nrofSymbolsin PUCCH-format3 or nrofSymbols in PUCCH-format4, respectively, after excluding
anumber of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively
[4, TS38.211]

Q,=1if pi/2-BPSK isthe modulation scheme and Q,, =2 if QPSK is the modulation scheme as indicated by
pi2BPK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, Q=2

If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where
the HARQ-ACK, if any, isin response to a PDSCH reception without a corresponding PDCCH

if any of the CSl reports are overlapping and the UE is provided by multi-CS-PUCCH-ResourceList with J <2

PUCCH resourcesin adot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described
in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number

of corresponding REs, modulation order Q,,, and configured coderate I ;

- if (Opq +Og +Opg +Ocre )< (M o NG NGl QT )0 , the UE uses PUCCH format 2 resource

O , or the PUCCH format 3 resource O , or the PUCCH format 4 resource O
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- eseif (Opoq + O+ Opg +Oprc) > (MEYCCH . NFE L NPUCH . 1) and

sc,ctrl symb-UCI i
(Opck +Og +Ocg +Ogpc )< (M R NEE NS Q- r)M, 0< j<J-1,the UE transmitsa

PUCCH conveying HARQ-ACK information, SR and CSl report(s) in arespective PUCCH where the UE
uses the PUCCH format 2 resource j + 1, or the PUCCH format 3 resource j + 1, or the PUCCH format

4resource j +1

- elsethe UE usesthe PUCCH format 2 resource J —1, or the PUCCH format 3 resource J —1, or the PUCCH

format 4 resource J —1 and the UE sdlects N2 CSJ report(s) for transmission together with HARQ-
ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214]

- dse, the UE transmits the O, +Qr+Q.g+Oxrc bitsin a PUCCH resource provided by pucch-CSl-
Resourcelist and determined as described in Subclause 9.2.5

If aUE hasHARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 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 resource using the PUCCH resource indicator field [5, TS 38.212] inalast DCI
format 1 0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-
HARQ _feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH
resource set provided to the UE for HARQ-ACK transmission, and

- the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for Q ¢, UCI
bits

and

- if (Ouex +Osg +Ocgr_ s + Oc.corpart) < MESCH - N8 - NEUSSH . 1, the UE transmits the HARQ-ACK,
SR, and CSl reports hits by selecting the minimum number My of the Mjs " PRBs satisfying
(OACK +0x +OCSI-part1+OCRC,CSI-part1)S M Rpgﬁwfr? : Niim : N;Lr;i%Hu -Qn -1 asdescribed in Subclauses 9.2.3 and
9.25.1;

total

- else, the UE selects N Cg) report(s), fromthe Neow' CSI reports, for transmission together with HARQ-
ACK and SR in ascending priority value [6, TS 38.214], where the value of N2 satisfies

Nreponed
Csl
PUCCH pRB PUCCH
OACK +OSR + ZOCS—partln +OCRC,CS|—part1,N <SMgg ’ Nsc,cm ’ NsymbUCI 'Qm I and
n=1
N reported g
[e=]
PUCCH p|RB PUCCH .
Oxck +O0xk + ZOCSI-partln + OCRC,CSI-parll,NH >Mpg Nsc,ctrl ) Nwmb-UCI ‘Qn-r, where OCRC,CSI-partl,N Isa
n=1

N
number of CRC bits corresponding to O, + O + ZOCS,_panl‘n UCI hits, and OCRCYCg_meNﬂ isanumber
n=1
Nrevorted g

of CRC hits corresponding to Opc +Og + ZOCg_pmn UCI bhits.

n=1

If aUE has HARQ-ACK, SR and sub-band 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 resource using the PUCCH resource indicator field [5, TS 38.212] inalast DCI
format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-
HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH
resource set provided to the UE for HARQ-ACK transmission, and
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- the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for Q ¢, UCI
bits

and

- if (Opek + O +Ocg +Ogre ) S MEEH - NE2 - NOWCSL - Q,, - 1, the UE transmits the HARQ-ACK, SR and the

sc,ctrl

Ny CSl report bits by selecting the minimum number M 2o5or of PRBs from the M i "

(Onck + O +O0cq +O0cre) S Migoont- NE% - NEPETH, - Q,, -1 as described in Subclauses 9.2.3 and 9.2.5.1

PRBs satisfying

- dsg

- if for N&&at, >0 Part 2 CSl report priority value(s), it is

N, I NS
PUCCH RB PUCCH
Z OCSI-panZ,n + OCRC,CS!-panZ,N <M RB . Ng:,cm : Nsymb-UCI - OACK + OSR + Z OCSI-panl,n + OCRC,CSI-partl (Qm : I’) : Qm -r
n=1 n=1
and
N 41 I N
PUCCH RB PUCCH
ZOCSI-partZ,n + OCRC,CSI-panZ,N+1 > M RB : Ng:,cm : Nsymb-UCI - OACK + OSR + ZOCSI-panl,n + OCRC,CSI-panl (Qm : r) 'Qm -r
n=1 n=1

the UE selectsthe first Nées,pf’{,tji’z Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214],

total

for transmission together with the HARQ-ACK, SR and Ncg™ Part 1 CSl reports, where Ocg a1, iSthe

number of Part 1 CSl report bitsfor the n,, CSI report and Ocg a2 o iSthe number of Part 2 CSI report bits

reported
NCpat2

for the n, CSl report priority value, Ocge cg-pazn 1S @NUmber of CRC bits corresponding to ZOCSI_MZ“ ,
n=1

reported
Negopaz+1

and OCRC’CS|_pa«t2’N+1 isanumber of CRC bits corresponding to Zocs,_pmzvn
n=1

- else, the UE dropsall Part 2 CSl reports and selects Ni&Ter, Part 1 CSI report(s), from the N&g' CSl reports
in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR

information bits where the value of N{&oer, satisfies

reported

CSl-partl

PUCCH n|RB PUCCH

OACK +OSR + ZOCSLpartln +OCRC,CS|-partl,N < MRB : Nsc,ctrl ’ Nwmb—UCI 'Qm T and

n=1

Nreporled +1
CSl-partl
PUCCH RB PUCCH .
OACK +OSR + ZOCSI—part:Ln +OCRC,CSI—part1,N+1 >M RB ’ Nsc,c’[rl : NsymbUCI : Qm T, where OCRCCSI—parth IS
n=1

reported
CSl-partl

anumber of CRC bits corresponding to Opcc + O + ZOCS,_panln UCI bits, and OCRC,CS._pam,NH isa
n=1

reported
N CSrpan1+1

number of CRC bits corresponding to Oxcx +Ox + Zocg_pmln UCI bits.

n=1L

Table 9.2.5.2-1: Coderate I' corresponding to value of maxCodeRate

maxCodeRate | Code rate I
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0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

N[OOI |WIN|FL|O

9.2.6 PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of dots, N;,ng‘g“H, for repetitions of a PUCCH
transmission by respective nrofSots.

eat
For Npfcen >1,

- the UE repeats the PUCCH transmission with the UCI over Nibe dots
- aPUCCH transmission in each of the Nije,, slots has a same number of consecutive symbols, as provided by
nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-for mat4

- aPUCCH transmission in each of the NI slots has a same first symbol, as provided by startingSymbolIndex
in PUCCH-formatl, startingSymbollndex in PUCCH-format3, or startingSymbollndex in PUCCH-format4

- the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH
transmissions in different slots

- if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots
- the UE performs frequency hopping per slot

- the UE transmits the PUCCH starting from afirst PRB, provided by startingPRB, in slots with even
number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The
dlot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the
UE transmits the PUCCH in N, dots is counted regardless of whether or not the UE transmits the

PUCCH in the slot

- the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within
adot

- If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and
if the UE is configured to perform frequency hopping for PUCCH transmissions within a slot, the frequency
hopping pattern between the first PRB and the second PRB is same within each dlot

If the UE determines that, for a PUCCH transmission in aslot, the number of symbols available for the PUCCH
transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format, the UE does not
transmit the PUCCH in the dlot.

A SS/PBCH block symbol isa symbol indicated to a UE by ssb-PositionsinBurst in SB1 or ssb-PositionsinBurst in
ServingCell ConfigCommon.

For unpaired spectrum, the UE determines the Nies,, slots for a PUCCH transmission starting from a slot indicated to
the UE as described in Subclause 9.2.3 and having

- an UL symbol, asdescribed in Subclause 11.1, or flexible symbol that is not SS/PBCH block symbol provided
by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol,
and
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- consecutive UL symbols, as described in Subclause 11.1, or flexible symbols that are not SS/PBCH block
symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbolsin
PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4

For paired spectrum, the UE determinesthe Niyex | dots for aPUCCH transmission asthe N, consecutive slots
starting from a slot indicated to the UE as described in Subclause 9.2.3.

If a UE would transmit a PUCCH over afirst number Niber,>1 of slots and the UE would transmit a PUSCH over a

second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more
slots, and the conditionsin Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping
slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.

A UE does not multiplex different UCI typesin a PUCCH transmission with repetitions over Nivver ,>1 dlots. If aUE

would transmit afirst PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the
transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each sot of the
number of slots and with UCI type priority of HARQ-ACK > SR > CSl with higher priority > CSl with lower priority

- the UE does not expect the first PUCCH and any of the second PUCCHSs to start at a same slot and include a UCI
type with same priority

- if thefirst PUCCH and any of the second PUCCHSs include a UCI type with same priority, the UE transmits the
PUCCH dtarting at an earlier slot and does not transmit the PUCCH starting at a later dot

- if thefirst PUCCH and any of the second PUCCHSs do not include a UCI type with same priority, the UE
transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that
include the UCI type with lower priority

A UE does not expect aPUCCH that isin response to a DCI format detection to overlap with any other PUCCH that
does not satisfy the corresponding timing conditions in Subclause 9.2.5.

If a UE would transmit aPUCCH over Niyher,, dots and the UE does not transmit the PUCCH in aslot from the Niber,,
sots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of Nibes,

dots.

9.3 UCI reporting in physical uplink shared channel

Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and
for multiplexing CSl reportsin a PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the
PUSCH transmission or by higher layers.

If DCI format 0_0, or DCI format 0_1 that does not include a beta_offset indicator field, schedules the PUSCH
transmission from the UE and the UE is provided betaOffsets = 'semiStatic', the UE appliesthe gAR#c¢ = g1 and

offset
<5 2 values that are provided by betaOffsets = 'semiStatic' for the corresponding HARQ-ACK information, Part 1
CSl reports and Part 2 CSI reports.

HARQ-ACK information offsets BHar?* are configured to values according to Table 9.3-1. The betaOffsetACK-

o

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes | e, | nas O, and

s ™ for the UE to use if the UE multiplexes up to 2 HARQ-ACK information bits, more than 2 and up to 11

HARQ-ACK information bits, and more than 11 bits in the PUSCH, respectively.

Part 1 CSI report and Part 2 CSI report offsets S5, and B’ , respectively, are configured to val ues according to
Table 9.3-2. The betaOffsetCSl -Part1-Index1 and betaOffsetCSl-Part2-Index1 respectively provide indexes | g o and

|0‘~;§;;0 for the UE to use if the UE multiplexes up to 11 bits for Part 1 CSl reports or Part 2 CSl reports in the PUSCH.

The betaOffsetCSl -Part1-Index2 and betaOffsetCSl-Part2-Index2 respectively provide indexes | ga; OF | gy for the
UE to use if the UE multiplexes more than 11 bits for Part 1 CSl reports or Part 2 CSl reportsin the PUSCH.
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If aDCI format 0_1 schedules the PUSCH transmission from the UE and if DCI format 0_1 includes a beta_offset
indicator field, as configured by uci-OnPUSCH, the UE is provided by each of { betaOffsetACK-Index1,

betaOffsetACK-Index2, betaOffsetACK-Index3} a set of four Ing;QACK indexes, by each of { betaOffsetCS-Part1-
Index1, betaOffsetCSl-Part1-Index2} aset of four | S indexes and by each of { betaOffsetCSl -Part2-1ndexd,

betaOffsetCS -Part2-1ndex2} a set of four Igf'sef indexes from Table 9.3-1 and 9.3-2, respectively, for multiplexing
HARQ-ACK information, Part 1 CSI reports, and Part 2 CSI reports, respectively, in the PUSCH transmission. The

beta_offset indicator field indicatesa | e " value, a | 3. valueand a | S value from the respective sets of
values, with the mapping defined in Table 9.3-3.
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Table 9.3-1: Mapping of beta_offset values for HARQ-ACK information and the index signalled by
higher layers

I;QZ%ACK or I(I)—:?SZ?L—ACK or I(I)—fi{ASSt(’QZ—ACK ﬂ(&)-flfASZQ-ACK
0 1.000
1 2.000
2 2.500
3 3.125
4 4.000
5 5.000
6 6.250
7 8.000
8 10.000
9 12.625
10 15.875
11 20.000
12 31.000
13 50.000
14 80.000
15 126.000
16 Reserved
17 Reserved
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved

ETSI



3GPP TS 38.213 version 15.7.0 Release 15

73

ETSI TS 138 213 V15.7.0 (2019-10)

Table 9.3-2: Mapping of beta_offset values for CSI and the index signalled by higher layers

| g0 Of latmr | B

lotao OF loitss | Baos
0 1.125
1 1.250
2 1.375
3 1.625
4 1.750
5 2.000
6 2.250
7 2.500
8 2.875
9 3.125
10 3.500
11 4.000
12 5.000
13 6.250
14 8.000
15 10.000
16 12.625
17 15.875
18 20.000
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-3: Mapping of beta_offset indicator values to offset indexes

A A —ACl —-ACl —ACl CSl- CSl-2 CSl - Csl-2
beta_offset indicator (IggeRt%A “or I;gz[,Ql A% or I(l)—:fAseRt,QZA N ( Ioffsletl,o or lofreero): ( Ioffsetl,l or Ioffslet,l)
'00" 15t offset index provided by higher layers
‘01’ 2" offset index provided by higher layers
'10' 3" offset index provided by higher layers
11 4" offset index provided by higher layers

10 UE procedure for receiving control information

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
except for PDCCH monitoring in Type0/0A/2-PDCCH CSS sets where the UE is not required to apply the procedures
in this clause for the SCG

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

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

A UE monitors a set of PDCCH candidates in one or more CORESETs on the active DL BWP on each activated
serving cell configured with PDCCH monitoring according to corresponding search space sets where monitoring
implies decoding each PDCCH candidate according to the monitored DCI formats.

For monitoring of a PDCCH candidate in aslot

- If the UE has received ssh-PositionsinBurst in SIB1 and has not received ssb-PositionsinBurst in
ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0O-
PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a
SS/PBCH block index provided by ssh-PositionsinBurst in SB1, the UE is not required to monitor the PDCCH
candidate.

- If aUE hasreceived ssh-PositionslnBurst in ServingCell ConfigCommon for a serving cell and if the UE does not
monitor PDCCH candidatesin a Type0-PDCCH CSS set and at |east one RE for a PDCCH candidate overlaps
with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsinBurst in
ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.

- If the UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the
procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for
monitoring the PDCCH candidate on the serving cell.

- If at least one RE of aPDCCH candidate on the serving cell overlaps with at |east one RE of Ite-CRS
ToMatchAround, the UE is not required to monitor the PDCCH candidate.

If aUE indicatesin UE-NR-Capability a carrier aggregation capability larger than 4 serving cells, the UE includesin
UE-NR-Capability an indication for a maximum number of PDCCH candidates the UE can monitor per slot when the
UE is configured for carrier aggregation operation over more than 4 cells. When a UE is not configured for NR-DC
operation, the UE determines a capability to monitor a maximum number of PDCCH candidates per slot that

corresponds to 1 downlink cells, where

- hf;ﬁ isthe number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCA

- otherwise, Ny isthe value of pdcch-BlindDetectionCA

ETSI



3GPP TS 38.213 version 15.7.0 Release 15 75 ETSI TS 138 213 V15.7.0 (2019-10)

When a UE is configured for NR-DC operation, the UE determines a capability to monitor a maximum number of

(o] MCG
PDCCH candidates per slot that corresponds to l\@f?'\mb downlink cells for the MCG where Nce”s isprovided by
pdcch-BlindDetection for the MCG and determines a capability to monitor a maximum number of PDCCH candidates

q C
per slot that corresponds to |\E§‘|)SZ I\E.SS downlink cells for the SCG where Ng< is provided by pdcch-BlindDetection

for the SCG. When the UE is configured for carrier aggregation operation over more than 4 cells, or for a cell group
when the UE is configured for NR-DC operation, the UE does not expect to monitor per slot a number of PDCCH

candidates that is larger than the maximum number as derived from the corresponding val ue of Nfgi.

DLgell
When a UE is configured for NR-DC operation with atota of NNR_%CS downlink cells on both the MCG and the SCG,

the UE expects to be provided pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG with values
that satisfy

- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= pdcch-BlindDetectionCA, if the UE
reports pdcch-BlindDetectionCA, or

DL gell
- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= NNR_ngS, if the UE does not report
pdcch-BlindDetectionCA.

For NR-DC operation, the UE may indicate, through pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-
UE, respective maximum values for pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG.

If the UE reports pdcch-BlindDetectionCA,

- the value range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is[1, ..., pdcch-
BlindDetectionCA-1], and

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA.

Otherwisg, if Nﬁgﬁgfw isamaximum total number of downlink cells that the UE can be configured on both the MCG
and the SCG as described in [10, TS 38.133],

- thevalue range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is[1, 2, 3],

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= Nﬁ;.%’é;ax.

10.1 UE procedure for determining physical downlink control
channel assignment

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set
can bea CSS set or aUSS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets

- aType0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-
ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a
SI-RNTI on the primary cell of the MCG

- aTypeOA-PDCCH CSS set configured by searchSpaceOther Systeml nformation in PDCCH-ConfigCommon for
aDCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG

- aTypel-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by aRA-RNTI or a TC-RNTI on the primary cell

- aType2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by a P-RNTI on the primary cell of the MCG

- aType3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for
DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-
SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and
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- aUSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats
with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-RNTI(s).

For aDL BWP, if aUE is not provided searchSpaceS Bl for Type0-PDCCH CSS set by PDCCH-ConfigCommon, the
UE does not monitor PDCCH candidates for a Type0-PDCCH CSS set on the DL BWP. The Type0-PDCCH CSS set is
defined by the CCE aggregation level s and the number of PDCCH candidates per CCE aggregation level givenin Table
10.1-1. If the active DL BWP and theinitial DL BWP have same SCS and same CP length and the active DL BWP
includes al RBs of the CORESET with index 0, or the active DL BWP isthe initial DL BWP, the CORESET
configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0-PDCCH CSS set has search space set
index 0.

For aDL BWHP, if the UE is not provided searchSpaceOther Systeml nformation for TypeOA-PDCCH CSS set, the UE
does not monitor PDCCH for TypeOA-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number
of PDCCH candidates per CCE aggregation level for TypeOA-PDCCH CSS set are givenin Table 10.1-1.

For aDL BWP and a Typel-PDCCH CSS set, a UE is provided a configuration for a search space by ra-SearchSpace.
If the UE has not been provided a Type3-PDCCH CSS set or a USS set and the UE hasreceived a C-RNTI, the UE
monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI in the
Typel-PDCCH CSS set.

If aUE is not provided pagingSearchSpace for Type2-PDCCH CSS set, the UE does not monitor PDCCH for Type2-
PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE
aggregation level for Type2-PDCCH CSS set are given in Table 10.1-1.

If aUE is provided a zero value for searchSpacel D in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the
UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in
Subclause 13, and the UE is provided a C-RNTI, the UE monitors PDCCH candidates only at monitoring occasions
associated with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of

- aMAC CE activation command indicating a TCl state of the active BWP that includes a CORESET with index
0, asdescribed in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the
SS/PBCH block, or

- arandom access procedure that is not initiated by a PDCCH order that triggers a contention-free random access
procedure

If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-
zero value for searchSpacel D in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines
monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set
associated with the value of searchSpacelD.

The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by
pdcch-ConfigSB1 in MIB and for corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi
co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], and
if the UE is not provided a TCI state indicating quasi co-location information of the DM-RS antenna port for PDCCH
reception in the CORESET. The value for the DM-RS scrambling sequence initialization isthe cell ID. A SCSis
provided by subCarrier SpacingCommon in MIB.

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not expect to
monitor aPDCCH in a Type0/0A/2/3-PDCCH CSS set or in aUSS set if a DM-RS for monitoring aPDCCH ina
Typel-PDCCH CSS set does not have same QCL-TypeD properties [6, TS 38.214] with a DM-RS for monitoring the
PDCCH in the Type0/0A/2/3-PDCCH CSS set or in the USS set, and if the PDCCH or an associated PDSCH overlaps
in at least one symbol with a PDCCH the UE monitorsin a Typel-PDCCH CSS set or with an associated PDSCH.

If aUE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
sear chSpaceOther Systeml nformation, pagingSearchpace, ra-SearchSpace, and

- aC-RNTI, an MCS-C-RNTI, or aCS-RNTI,

the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the
MCS-C-RNTI, or the CS-RNTI in the one or more search space setsin a dot where the UE monitors PDCCH
candidates for at least aDCI format 0_0 or aDCI format 1 0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI.
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If aUE is provided

- oneor more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSB1,
searchSpaceOther Systeml nformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config,
and

- aSI-RNTI, aP-RNTI, aRA-RNTI, aSFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, aTPC-PUCCH-RNTI, or
aTPC-SRS-RNTI

then, for aRNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI
format with CRC scrambled with the RNTI per slot.

Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE
aggregation level for CSS sets configured by searchSpaceSIB1

CCE Aggregation Level Number of Candidates
4 4
8 2
16 1

For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with P<3
CORESETSs. For each CORESET, the UE is provided the following by Control ResourceSet:

- aCORESET index P, 0< p<12, by controlResourceSetld;

- aDM-RS scrambling sequence initialization value by pdcch-DMRS-Scramblingl D;

- aprecoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same
DM-RS precoder by precoderGranularity;

- anumber of consecutive symbols provided by duration;
- aset of resource blocks provided by frequencyDomainResour ces;
- CCE-to-REG mapping parameters provided by cce-REG-MappingType;

- anantennaport quasi co-location, from a set of antenna port quasi co-locations provided by TCI-State, indicating
quasi co-location information of the DM-RS antenna port for PDCCH reception in arespective CORESET;

- anindication for a presence or absence of atransmission configuration indication (TCI) field for DCI format 1 1
transmitted by a PDCCH in CORESET P , by tci-PresentInDCI.

When precoder Granularity = allContiguousRBs, a UE does not expect

- to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks
that are not contiguous in frequency

- any RE of aCORESET to overlap with any RE determined from Ite-CRS-ToMatchAround or with any RE of a
SS/PBCH block.

For each CORESET inaDL BWP of aserving cell, arespective frequencyDomai nResour ces provides a bitmap. The
bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBS, in ascending order
of the PRB index in the DL BWP bandwidth of NE"* PRBs with starting common RB position N5y where the first

common RB of the first group of 6 PRBs has common RB index 6- (N;‘\?\;‘P / 6} :

For a CORESET other than a CORESET with index O,

- if aUE has not been provided a configuration of TCI state(s) by tci-SatesPDCCH-ToAddList and tci-
SatesPDCCH-ToReleaseList for the CORESET, or has been provided initial configuration of more than one TCI
states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseL.ist but has not
received a MAC CE activation command for one of the TCI states as described in[11, TS 38.321], the UE
assumes that the DM-RS antenna port associated with PDCCH receptionsis quasi co-located with the SS/PBCH
block the UE identified during the initial access procedure;
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- if aUE has been provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList and tci-
SatesPDCCH-ToReleaseList for the CORESET as part of Reconfiguration with sync procedure as described in
[12, TS 38.331] but has not received a MAC CE activation command for one of the TCI states as described in
[11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptionsis quasi co-
located with the SS/PBCH block or the CSI-RS resource the UE identified during the random access procedure
initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].

For a CORESET with index 0, the UE assumes that a DM-RS antenna port for PDCCH receptionsin the CORESET is
quasi co-located with

- theoneor more DL RS configured by a TCI state, where the TCI state isindicated by aMAC CE activation
command for the CORESET, if any, or

- aSS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH
order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a
TCI state for the CORESET is received after the most recent random access procedure.

For a CORESET other than a CORESET with index O, if aUE is provided asingle TCI state for a CORESET, or if the
UE receives a MAC CE activation command for one of the provided TCI states for a CORESET, the UE assumes that
the DM-RS antenna port associated with PDCCH receptionsin the CORESET is quasi co-located with the one or more
DL RS configured by the TCI state. For a CORESET with index 0, the UE expects that QCL-TypeD of aCSI-RSin a
TCI state indicated by aMAC CE activation command for the CORESET is provided by a SS/PBCH block

- if the UE receivesa MAC CE activation command for one of the TCI states, the UE applies the activation
command in the first ot that is after slot k +3- NS2™# \here k isthe slot where the UE would transmit a
PUCCH with HARQ-ACK information for the PDSCH providing the activation command and u isthe SCS

configuration for the PUCCH. The active BWP is defined as the active BWP in the slot when the activation
command is applied.

For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layerswith S<10 search space
sets where, for each search space set fromthe S search space sets, the UE is provided the following by SearchSpace:

- asearch space setindex s, 0<s<40, by searchSpaceld

- an association between the search space set s and aCORESET P by controlResourceSetld

- aPDCCH monitoring periodicity of k, slotsand aPDCCH monitoring offset of Og dots, by
monitoringS otPeriodicityAndOffset

- aPDCCH monitoring pattern within adlot, indicating first symbol(s) of the CORESET within a ot for PDCCH
monitoring, by monitoringSymbolsWithinS ot

- aduration of T, <k, slotsindicating a number of dots that the search space set s exists by duration

- anumber of PDCCH candidates I\/IéL) per CCE aggregation level L by aggregationLevel1, aggregationLevel 2,

aggregationLevel4, aggregationLevel 8, and aggregationLevel 16, for CCE aggregation level 1, CCE aggregation
level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively

- anindication that search space set s iseither a CSS set or a USS set by searchSpaceType
- if search space set s isa CSS set

- anindication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI
format 1 0

- anindication by dci-Format2-0 to monitor one or two PDCCH candidates for DCI format 2_0 and a
corresponding CCE aggregation level

- anindication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
- anindication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2

- anindication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3

ETSI



3GPP TS 38.213 version 15.7.0 Release 15 79 ETSI TS 138 213 V15.7.0 (2019-10)

- if search space set s isaUSS set, an indication by dci-Formats to monitor PDCCH candidates either for DCI
format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1

If the monitoringSymbolsWithinS ot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols
that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be
configured with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol.

A UE does not expect to be provided afirst symbol and a number of consecutive symbols for a CORESET that results
to a PDCCH candidate mapping to symbols of different slots.

A UE does not expect any two PDCCH monitoring occasions on an active DL BWP, for a same search space set or for
different search space sets, in asame CORESET to be separated by a non-zero number of symbolsthat is smaller than
the CORESET duration.

A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the
PDCCH monitoring offset, and the PDCCH monitoring pattern within aslot. For search space set s, the UE determines

that a PDCCH monitoring occasion(s) existsin a slot with number ng‘f [4, TS 38.211] in aframe with number n; if
(nf N+t —os)modks =0, The UE monitors PDCCH candidates for search space set s for T, consecutive

dots, starting from slot nZ; , and does not monitor PDCCH candidates for search space set s for the next k, —T,
consecutive slots.

A USS at CCE aggregation level L e {1, 2, 4, 8,16 } isdefined by a set of PDCCH candidates for CCE aggregation
level L.

If aUE is configured with CrossCarrier SchedulingConfig for a serving cell the carrier indicator field value corresponds
to the value indicated by CrossCarrier SchedulingConfig.

For an active DL BWP of a serving cell on which a UE monitors PDCCH candidatesin a USS, if the UE is not
configured with a carrier indicator field, the UE monitors the PDCCH candidates without carrier indicator field. For an
active DL BWP of a serving cell on which a UE monitors PDCCH candidatesin aUSS, if a UE is configured with a
carrier indicator field, the UE monitors the PDCCH candidates with carrier indicator field.

A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured
to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell.
For the active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH
candidates at |least for the same serving cell.

For a search space set s associated with CORESET P, the CCE indexes for aggregation level L corresponding to
PDCCH candidate M, of the search space setinslot n & for an active DL BWP of aserving cell corresponding to

sf

carrier indicator field value n., are given by

where
for any CSS, vart. =0;
forauss, v, , = (A) Yo 71)modD . Yo =Men#0, A =39827 for pmod3=0, A =39829 for pmod3=1,

A,=39839 for pmod3=2,and D = 65537 ;

Nece,p 1S the number of CCEs, numbered from0to Neee , —1,in CORESET P;
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ny isthe carrier indicator field value if the UE is configured with a carrier indicator field by
CrossCarrier SchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS,
Ny =0;

m,, =0,...,M) —1 where M{) isthe number of PDCCH candidates the UE is configured to monitor for

S,Ngy S,Ngy

aggregation level L of asearch space set s for aserving cell corresponding to n, ;
for any CSS, M}, =M{J;

forauss, M), isthe maximum of M) over all configured n, valuesfor a CCE aggregation level L of search
space set s ;

the RNTI value used for gy, isthe C-RNTI.

A UE that
- isconfigured for operation with carrier aggregation, and

- indicates support of search space sharing through searchSpaceSharingCA-UL or through
searchSpaceSharingCA-DL, and

- hasaPDCCH candidate with CCE aggregation level L in CORESET P for aDCI format 0_1 or aDCI format

1 1 having afirst size and associated with serving cell Iy, ,,

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET P for

aDCI format 0_1 or aDCI format 1_1, respectively, having a second size and associated with serving cell Iy, ; if the
first size and the second size are same.

A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats
with CRC scrambled by C-RNTI per serving cell. The UE counts a number of sizes for DCI formats per serving cell

based on a number of configured PDCCH candidates in respective search space sets for the corresponding active DL
BWP.

A PDCCH candidate with index n%,rb. for asearch space set S; using aset of CCEsinaCORESET P onthe active
DL BWP for serving cell n, isnot counted for monitoring if thereisa PDCCH candidate with index M , for asearch

space set $<§, or if thereisa PDCCH candidate with index N and N, <ML o inthe CORESET P onthe

active DL BWP for serving cell n, using a same set of CCEs, the PDCCH candidates have identical scrambling, and
the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with
index M . is counted for monitoring.

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, M oea | for a DL BWP with SCS
configuration 4 for a UE per dot for operation with asingle serving cell.

Table 10.1-2: Maximum number M2%2% of monitored PDCCH candidates per slot for a DL BWP with
SCS configuration u e {0,1,2,3} for a single serving cell

H Maximum number of monitored PDCCH candidates per slot and per serving cell MP"‘S(X;?;‘,L‘"”
0 44
1 36
2 22
3 20
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maxslot,u

Table 10.1-3 provides the maximum number of non-overlapped CCEs, Cogcen’ » for aDL BWP with SCS
configuration 4 that aUE isexpected to monitor corresponding PDCCH candidates per slot for operation with a
single serving cell.

CCEsfor PDCCH candidates are non-overlapped if they correspond to
- different CORESET indexes, or

- different first symbols for the reception of the respective PDCCH candidates.

Table 10.1-3: Maximum number m&‘:ﬂﬂ“’ of non-overlapped CCEs per slot for a DL BWP with SCS
configuration u e {0,1,23} for a single serving cell

u Maximum number of non-overlapped CCEs per slot and per serving cell m;éiﬁ”
0 56
1 56
2 48
3 32

3
If a UE is configured with Ngge' downlink cellswith DL BWPs having SCS configuration £ where Y N2 <N&P,
u=0

the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than M 223804 — |\ rxslot

PDCCH candidates or more than Ci23% = CI4%% o overl apped CCEs per slot for each scheduled cell.

3
If a UE is configured with NgyZ' downlink cells with DL BWPs having SCS configuration 4 , where N2 > N,
u=0

, aDL BWP of an activated cell isthe active DL BWP of the activated cell, and a DL BWP of a deactivated cell isthe
DL BWP with index provided by firstActiveDownlinkBWP-1d for the deactivated cell, the UE is not required to monitor

3 .
more than M 2asots — {N‘fj‘l’s M e N BL# / > ING J PDCCH candidates or more than
j=0

3 .
Cromasotu — {Nggﬁ’s -Crakdotu DLy / > NG J non-overlapped CCEs per ot on the active DL BWP(s) of scheduling
=0

cell(s) from the Nox* downlink cells.

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration 4 of the

. H sl al . .
scheduling cell more than mln(M maxsloLi | V] Aot ) PDCCH candidates or more than mlr(CQ“;éﬂa‘"“, total oty ) non-

overlapped CCEs per sot.
A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of

monitored PDCCH candidates and non-overlapped CCEs per sot that exceed the corresponding maximum numbers per
slot.

For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL BWPs
with same SCS configuration £ , a UE does not expect a number of PDCCH candidates, and a number of

corresponding non-overlapped CCEs per dot on a secondary cell to be larger than the corresponding numbers that the
UE is capable of monitoring on the secondary cell per slot.

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs
per slot are separately counted for each scheduled cell.

For all search space setswithinaslot N , denoteby S aset of CSS sets with cardinality of | and by S aset of

USS sets with cardinality of J,.. Thelocation of USSsets S;, 0< j < J,in S isaccording to an ascending order
of the search space set index.
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Denote by Mg:( 0<i< |4 ,thenumber of counted PDCCH candidates for monitoring for CSSset S (i) and by

the number of counted PDCCH candidates for monitoring for USSset S ().

iy
(L) i
Mgl 0s 1<

uss !

ICS
For the CSS sets, a UE monitors M S8 = Z

-1
roceH = 2, ZL: M ¢, PDCCH candidates requiring atotal of CroocH Non-
overlapping CCEsin adot.

The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with
SCS configuration 4 indot N according to the following pseudocode. A UE does hot expect to monitor PDCCH in

a USS set without allocated PDCCH candidates for monitoring.

Denote by Vece(Si(])) the set of non-overlapping CCEs for search space set S (j) and by A/CCE(S@(D)) the

cardinality of Voce(Si(])) where the non-overlapping CCEs for search space set S (j) are determined considering

the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring
for all search space sets S (k), 0< k< j.

uss A maxslotu totalslotu )_ css
Set M PDCCH™ mi T{M PDCCH M PDCCH M PDCCH
uss i maxsloty ~total s|ot,u)_ css
Set DCCH — mi C:PDCCH 1CPDCCH CPDCCH

Set j=0

while ZMg:(j) <Mggeen AND 5(\/CCE(SJ$(J-)))S UDSSCCH
L

allocate Y M{’ ;; PDCCH candidates for monitoring to USS set S,(j)
L

uss __NAUSS (L) .
MPDCCH_ MPDCCH_ZMSUSS(D 1
L

u?cc:H = UDSCCH_ﬁ CCE(SLJg;(j))) ;
j=1i+1;
end while
If aUE
- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band, and

- monitors PDCCH candidates in overlapping PDCCH monitoring occasionsin multiple CORESETs that have
same or different QCL-TypeD properties on active DL BWP(s) of one or more cells

the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESET s having
same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells

- the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing
CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index

- thelowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping
PDCCH monitoring occasions

- for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD
properties than a CSI-RS
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- for the purpose of determining the CORESET, afirst CSI-RS associated with a SS/PBCH block in afirst cell and
asecond CSI-RSin asecond cell that is also associated with the SS/PBCH block are assumed to have same
QCL-TypeD properties

- thealocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all
search space sets associated with the multiple CORESET s on the active DL BWP(s) of the one or more cells

- the number of active TCI statesis determined from the multiple CORESETSs
If aUE
- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band, and

- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETSs where none
of the CORESETs has TCl-states with 'QCL-TypeD',

the UE isrequired to monitor PDCCH candidates in overlapping PDCCH monitoring occasions for search space sets
associated with different CORESETSs.

For a scheduled cell and at any time, a UE expectsto have received at most 16 PDCCHs for DCI formats1 Oor 1 1
with CRC scrambled by C-RNTI, CS-RNTI, or MCS-RNTI scheduling 16 PDSCH receptions for which the UE has not
received any corresponding PDSCH symbol and at most 16 PDCCHSs for DCI formats 0_0 or 0_1 with CRC scrambled
by C-RNTI, CS-RNTI, or MCS-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any
corresponding PUSCH symbol.

If aUE

- isnot configured for NR-DC operation and indicates through pdcch-BlindDetectionCA a capability to monitor

PDCCH candidates for N3 >4 downlink cells and the UE is configured with Ny > 4 downlink cells or

NUL

cells

> 4 uplink cells, or

- isconfigured with NR-DC operation and for a cell group with NP downlink cellsor N Y. uplink cells

the UE expects to have respectively received at most 16- N3, PDCCHs for
- DCI formats1_0or 1 1 with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-RNTI scheduling
16- N3, PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all
NZ;; downlink cells
- DCI formats0_0or 0_1 with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-RNTI scheduling
16- N, PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over
al N uplink cells
If aUE

- isconfigured to monitor afirst PDCCH candidate for aDCI format 0_0 and aDCI format 1_0 from a CSS set
and a second PDCCH candidate for aDCI format 0_0 and aDCI format 1_0 from aUSS set in a CORESET
with index zero on an active DL BWP, and

- the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_0/1_0 associated
with the second PDCCH candidate have same size, and

- the UE receivesthe first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and
- thefirst PDCCH candidate and the second PDCCH candidate have identical scrambling, and

- theDCI formats0_0/1 O for the first PDCCH candidate and the DCI formats 0_0/1_0 for the second PDCCH
candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI

the UE decodes only the DCI formats 0_0/1_0 associated with the first PDCCH candidate.
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If a UE detects a DCI format with inconsistent information, the UE discards all the information in the DCI format.

A UE configured with a bandwidth part indicator in DCI formats0_1 or 1_1 determines, in case of an active DL BWP
or of an active UL BWP change, the DCI information applicable to the new active DL BWP or UL BWP, respectively,
as described in Subclause 12.

For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on serving cell C, , the

UE does not expect to monitor PDCCH on serving cell C; if the PDCCH overlapsin time with SRS transmission

(including any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell C, and if the

UE is not capable of simultaneous reception and transmission on serving cell C; and serving cell C, .

If aUE is provided resourceBlocks and symbol sinResourceBlock in RateMatchPattern, or if the UE is additionally
provided periodicityAndPattern in RateMatchPattern, the UE can determine a set of RBsin symbols of adlot that are
not available for PDSCH reception as described in [6, TS 38.214]. If aPDCCH candidate in aslot is mapped to one or
more REs that overlap with REs of any RB in the set of RBsin symbols of the dot, the UE does not expect to monitor
the PDCCH candidate.

10.2 PDCCH validation for DL SPS and UL grant Type 2

A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or configured UL grant
Type 2 PDCCH if

- the CRC of acorresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
- thenew dataindicator field for the enabled transport block is set to '0'.

Validation of the DCI format is achieved if al fields for the DCI format are set according to Table 10.2-1 or Table 10.2-
2.

If validation is achieved, the UE considers the information in the DCI format as avalid activation or valid release of DL
SPS or configured UL grant Type 2. If validation is not achieved, the UE discards all the information in the DCI format.

Table 10.2-1: Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation

DCI format 0 0/0_1 DCl format 1 0 DCl format 1 1
HARQ process number setto all '0's setto all '0's setto all '0's
Redundancy version set to '00’ set to '00’ For the enabled tfanlsport block:
set to '00

Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation

DCI format 0_0 DCl format 1 0
HARQ process number setto all '0's setto all '0's
Redundancy version set to '00' set to '00'
Modulation and coding scheme settoall'l's settoall '1's
Frequency qlomam resource settoall'1l's setto all '1's
assignment

A UE is expected to provide HARQ-ACK information in response to a SPS PDSCH release after N symbols from the
last symbol of a PDCCH providing the SPS PDSCH release. For UE processing capability 1 [6, TS 38.214] and for the
SCS of the PDCCH reception, N=10 for 15 kHz, N=12 for 30 kHz, N=22 for 60 kHz, and N=25 for 120 kHz. For
a UE with capability 2 [6, TS 38.214] in FR1 and for the SCS of the PDCCH reception, N=5 for 15 kHz, N=55 for 30
kHz, and N=11 for 60 kHz.
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11 UE-group common signalling

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

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

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

11.1  Slot configuration

A dot format includes downlink symbols, uplink symbols, and flexible symbols.
The following are applicable for each serving cell.

If aUE is provided tdd-UL-DL-ConfigurationCommon, the UE sets the dlot format per slot over a number of dots as
indicated by tdd-UL-DL-ConfigurationCommon.

The tdd-UL-DL-ConfigurationCommon provides
- areference SCS configuration (4 by referenceSubcarrier Spacing
- apatternl.

The patternl provides

- adot configuration period of P msec by dI-UL-TransmissionPeriodicity

anumber of slots dgy,, with only downlink symbols by nrofDownlinkSots

anumber of downlink symbols dsym by nrofDownlinkSymbols

anumber of slots Uy With only uplink symbols by nrofUplinkS ots

anumber of uplink symbols Uy, by nrofUplinkSymbols

A value P =0.625 msecisvalidonly for y4-3. A value P=125 msecisvalid only for t4 -2 or ti,=3. A vaue
P=25 msecisvalidonly for t4 =1, 0r f4=2,0r t=3.

A dlot configuration period of P msecincludes S=P-2“« dotswith SCS configuration /4 . Fromthe S dots, a
first dgots dotsinclude only downlink symbolsand alast Uy, sotsinclude only uplink symbols. The dsym symbols
after the first ds,ots slots are downlink symbols. The Us,,, symbols before the last Uy, Slots are uplink symbols. The
remaining (S- g Uges) Ny~ Oy~ Usym are flexible symbols.

Thefirst symbol every 20/P periodsisafirst symbol in an even frame.

If tdd-UL-DL-ConfigurationCommon provides both patternl and pattern2, the UE sets the slot format per slot over a
first number of sots asindicated by patternl and the UE sets the slot format per slot over a second number of slots as
indicated by pattern2.

The pattern2 provides

- adot configuration period of P, msec by dI-UL-TransmissionPeriodicity
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- anumber of dots ds|ots,2 with only downlink symbols by nrofDownlinkS ots
- anumber of downlink symbols dsym,2 by nrofDownlinkSymbols
- anumber of dots Ugyso With only uplink symbols by nrofUplinkSots

- anumber of uplink symbols Uy, ; by nrofUplinkSymbols
The applicable valuesof P, are same asthe applicable valuesfor P .
A dot configuration period of P+ P, msec includesfirst S=P-2“« dotsand second S, =P, -2« dots.

Fromthe S, dots, afirst ds!ots,z sots include only downlink symbols and alast Ugqso include only uplink symbols.

The dsym,; symbols after the first ds!ots,z sots are downlink symbols. The Uy, ; symbols before the last Uyys, Slotsare
uplink symbols. The remaining (% ~Oyois ugmsz)~ ot - 0y o~ Usm 2 @€ flexible symbols.

A UE expectsthat P+ P, divides20 msec.
Thefirst symbol every 20/(P+ P,) periodsisafirst symbol in an even frame.

A UE expectsthat the reference SCS configuration £, issmaller than or equa to a SCS configuration u« for any

configured DL BWP or UL BWP. Each slot provided by patternl or pattern2 is applicableto 2“*«) consecutive slots
in the active DL BWP or the active UL BWP where the first ot starts at a sametime as afirst dot for the reference

SCS configuration 4, and each downlink or flexible or uplink symbol for the reference SCS configuration £

correspondsto 2“*<) consecutive downlink or flexible or uplink symbols for the SCS configuration 4 .

If the UE is additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-
ConfigurationDedicated overrides only flexible symbols per slot over the number of dots as provided by tdd-UL-DL-
ConfigurationCommon.

The tdd-UL-DL-ConfigurationDedicated provides
- aset of dot configurations by slotSpecificConfigurationsToAddModList
- for each dot configuration from the set of slot configurations
- adotindex for adot provided by slotlndex
- aset of symbolsfor adot by symbols where
- if symbols = allDownlink, all symbolsin the dot are downlink
- if symbols = allUplink, all symbolsin the slot are uplink

- if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbolsin the slot and
nrofUplinkSymbols provides a number of uplink last symbolsin the dot. If nrofDownlinkSymbolsis not
provided, there are no downlink first symbolsin the slot and if nrofUplinkSymbolsis not provided, there are
no uplink last symbolsin the slot. The remaining symbolsin the slot are flexible

For each dot having a corresponding index provided by slotindex, the UE applies aformat provided by a corresponding
symbols. The UE does not expect tdd-UL-DL-ConfigurationDedicated to indicate as uplink or as downlink a symbol
that tdd-UL-DL-ConfigurationCommon indicates as a downlink or as an uplink symbol, respectively.

For each dot configuration provided by tdd-UL-DL-ConfigurationDedicated, areference SCS configuration isthe
reference SCS configuration (4, provided by tdd-UL-DL-ConfigurationCommon.
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A dot configuration period and a number of downlink symbols, uplink symbols, and flexible symbolsin each slot of the
dot configuration period are determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated and are common to each configured BWP.

A UE considers symbolsin aslot indicated as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated to be available for receptions and considers symbolsin a slot indicated as uplink by tdd-UL-
DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated to be available for transmissions.

If aUE is not configured to monitor PDCCH for DCI format 2_0, for aset of symbols of a dot that are indicated as
flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-
DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE

- the UE receives PDSCH or CSI-RSin the set of symbols of the slot if the UE receives a corresponding
indication by aDCI format 1_0, DCI format 1_1, or DCI format 0_1

- the UE transmits PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot if the UE receivesa
corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI
format 2_3

For operation on asingle carrier in unpaired spectrum, if a UE is configured by higher layersto receive aPDCCH, or a
PDSCH, or aCSI-RSin a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if the UE
does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1 1, or DCI format 2_3 that indicates
to the UE to transmit a PUSCH, a PUCCH, a PRACH, or aSRSin at least one symbol of the set of symbols of the slot;
otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the dot.

For operation on asingle carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or
PUCCH, or PUSCH, or PRACH in a set of symbols of adot and the UE detectsa DCI format 1_0, DCI format 1_1, or
DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then

- the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to alast
symbol of a CORESET where the UE detects the DCI format 1 0 or the DCI format 1 1 or the DCI format 0_1,
after anumber of symbols that is smaller than the PUSCH preparationtime T ., for the corresponding UE

processing capability [6, TS 38.214] assuming d,, =1 and 4 correspondsto the smallest SCS configuration

between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1 1 or DCI format 0_1
and the SCS configuration of the SRS, PUCCH, PUSCH or x4, where g corresponds to the SCS configuration of
the PRACH if it is 15kHz or higher; otherwise 14=0

- the UE cancelsthe PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols
and cancels the SRS transmission in remaining symbol s from the subset of symbols

For a set of symbols of adot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS in the set of symbols of the dlot.

For a set of symbols of adot that are indicated to a UE as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the
slot.

For a set of symbols of adot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-
DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters
configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters
configuring reception by the UE in the set of symbols of the dlot.

For operation on a single carrier in unpaired spectrum, for a set of symbols of adlot that are indicated to a UE by ssh-
PositionsinBurst in SB1 or ssb-PositionsinBurst in ServingCell ConfigCommon, for reception of SS/PBCH blocks, the
UE does not transmit PUSCH, PUCCH, PRACH in the dlot if a transmission would overlap with any symbol from the
set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of
symbols of the dot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, when provided to the UE.

For a set of symbols of aslot corresponding to avalid PRACH occasion and N, symbols before the valid PRACH

occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RSinthedot if areception
would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be
indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
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For a set of symbols of adot indicated to a UE by pdcch-Config9B1 in MIB for a CORESET for Type0-PDCCH CSS
set, the UE does not expect the set of symbolsto be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-
UL-DL-ConfigurationDedicated.

If aUE isscheduled by aDCI format 1_1 to receive PDSCH over multiple sots, and if tdd-UL-DL-
ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicate that, for aslot from the multiple slots, at least
one symbol from a set of symbols where the UE is scheduled PDSCH reception in the dlot is an uplink symbol, the UE
does not receive the PDSCH in the dot.

If aUE is scheduled by a DCI format O_1 to transmit PUSCH over multiple slots, and if tdd-UL-DL-
ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple dlots, at least
one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the dot is a downlink symbol, the
UE does not transmit the PUSCH in the slot.

11.1.1 UE procedure for determining slot format

This subclause applies for a serving cell that isincluded in a set of serving cells configured to a UE by
slotFormatCombToAddModList and slotFormatCombToReleaseList.

If aUE is configured by higher layers with parameter SotFormatindicator, the UE is provided a SFI-RNTI by sfi-RNTI
and with a payload size of DCI format 2_0 by dci-PayloadSze.

The UE is also provided in one or more serving cells with a configuration for a search space set s and a corresponding
CORESET P for monitoring M E,f') PDCCH candidates for DCI format 2_0 with a CCE aggregation level of L,

CCEs as described in Subclause 10.1. The M{s’ PDCCH candidates are the first M {5 PDCCH candidates for CCE
aggregation level L, for search spaceset s in CORESET P .

For each serving cell in the set of serving cells, the UE can be provided:
- anidentity of the serving cell by servingCellld
- alocation of a SFl-index field in DCI format 2_0 by positioninDClI

- aset of dot format combinations by slotFormatCombinations, where each slot format combination in the set of
dot format combinations includes

- one or more slot formats indicated by a respective slotFormats for the slot format combination, and

- amapping for the slot format combination provided by slotFormats to a corresponding SFl-index field value
in DCI format 2_0 provided by slotFormatCombinationld

- for unpaired spectrum operation, areference SCS configuration (g, by subcarrier§pacing and, when a
supplementary UL carrier is configured for the serving cell, areference SCS configuration ig 5y by
subcarrier Spacing? for the supplementary UL carrier

- for paired spectrum operation, areference SCS configuration ug, , for aDL BWP by subcarrierSpacing and a
reference SCS configuration g, , for an UL BWP by subcarrier Spacing2

A SFl-index field valuein aDCI format 2_0 indicatesto aUE adlot format for each slot in a number of slots for each
DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of dotsis equal
to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes
max{[log,(maxSFlindex +1)],1} bits where maxSFlindex is the maximum value of the values provided by
corresponding slotFormatCombinationld. A slot format isidentified by a corresponding format index as provided in
Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U’ denotes an uplink symbol, and 'F' denotes a flexible symbol.

If aPDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set € by

monitoringS otPeriodicityAndOffset, is smaller than a duration of a slot format combination the UE obtains at a PDCCH
monitoring occasion for DCI format 2_0 by a corresponding SFl-index field value, and the UE detects more than one
DCI formats 2_0 indicating a slot format for a slot, the UE expects each of the more than one DCI formats2_0to
indicate a same format for the dlot.
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A UE does not expect to be configured to monitor PDCCH for DCI format 2_0 on a second serving cell that uses larger
SCS than the serving cell.
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Table 11.1.1-1: Slot formats for normal cyclic prefix

Symbol number in a slot

13

12

11

10

Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-

DL-ConfigurationDedicated and, if any, on detected DCI formats

Format

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

32

33
34

35

36
37

38
39

40

41

42

43

44
45

46

47

48

49

50
51

52

53

54

55
56 — 254

255
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrier Spacing areference SCS
configuration tg, for each slot format in a combination of slot formats indicated by a SFI-index field valuein DCI
format 2_0. The UE expectsthat for areference SCS configuration (g, and for an active DL BWP or an active UL
BWP with SCS configuration ( , itis ¢ = ug . Each slot format in the combination of slot formats indicated by the
SFl-index field valuein DCI format 2_0isapplicableto 2“~#) consecutive slots in the active DL BWP or the active
UL BWP where the first dlot starts at a sametime as afirst ot for the reference SCS configuration o, and each
downlink or flexible or uplink symbol for the reference SCS configuration i, corresponds to 2W4=#=1) consecutive
downlink or flexible or uplink symbols for the SCS configuration u .

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of dlot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats
for areference UL BWP of the serving cell. The UE is provided by subcarrier Spacing a reference SCS configuration
Us o for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference
DL BWP of the serving cell. The UE is provided by subcarrier Spacing2 areference SCS configuration i, , for the
combination of dot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of the
serving cell. If fig b 2 i . and for each QUso#su) 11 yalues provided by avalue of slotFormats, where the
value of dotFormatsis determined by a value of slotFormatCombinationld in slotFormatCombination and the value of

slotFormatCombinationld is set by the value of the SFl-index field value in DCI format 2_0, the first 214 #sau)
values for the combination of slot formats are applicable to the reference DL BWP and the next value is applicable to

the reference UL BWP. If i o, < Hss u and for each 25 #5:2) 11 values provided by slotFormeats, the first value

for the combination of slot formatsis applicable to the reference DL BWP and the next QUsu o) ol yes are
applicable to the reference UL BWP.

The UE is provided areference SCS configuration (g, , o that for an active DL BWP with SCS configuration x,
itis tp 2 Uy p - The UE is provided areference SCS configuration g . o that for an active UL BWP with SCS

configuration i, ,itis t4y 2 i, - Each dot format for a combination of sot formats indicated by the SFI-index
field value in DCI format 2_0 for the reference DL BWP, by indicating a value for dlotFormatCombinationld that is

mapped to avalue of dotFormatsin sotFormatCombination, is applicableto 2We#son) - consecutive slots for the
active DL BWP where the first dot starts at a sametime asafirst slot in the reference DL BWP and each downlink or

flexible symbol for the reference SCS configuration (i, 5, correspondsto QU #s00) consecutive downlink or flexible
symbols for the SCS configuration (4, . Each slot format for the combination of slot formats for the reference UL BWP

isapplicableto 2“7 consecutive slots for the active UL BWP where the first slot starts at a same time as a first
sot in the reference UL BWP and each uplink or flexible symbol for the reference SCS configuration i,

corresponds to 2%+ consecutive uplink or flexible symbols for the SCS configuration ,,, .

For unpaired spectrum operation with asecond UL carrier for a UE on a serving cell, the SFI-index field valuein DCI
format 2_0 indicates a combination of slot formats that includes a combination of slot formats for areference first UL
carrier of the serving cell and a combination of sot formats for a reference second UL carrier of the serving cell. The

UE is provided by subcarrier Spacing areference SCS configuration i, for the combination of slot formats indicated
by the SFI-index field in DCI format 2_0 for the reference first UL carrier of the serving cell. The UE is provided by
subcarrier Soacing2 areference SCS configuration s, o, for the combination of slot formats indicated by the SFI-
index field valuein DCI format 2_0 for the reference second UL carrier of the serving cell. For each Lttt | q

values of slotFormats, the first 2=+ values for the combination of slot formats are applicable to the reference first
UL carrier and the next value is applicable to the reference second UL carrier.

The UE expectsto be provided areference SCS configuration /i o, S0 that for an active UL BWP in the second UL
carrier with SCS configuration fig,, , itis fgy 2 Msn suL- Each slot format for a combination of slot formats indicated

by the SFl-index field in DCI format 2_0 for the reference first UL carrier isapplicableto 2“ =) consecutive slots
for the active DL BWP and the active UL BWP in thefirst UL carrier where the first dot starts at a same time as a first
dot inthereference first UL carrier. Each ot format for the combination of sot formats for the reference second UL
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carrier isapplicable to 2Wsutsnsi) consecutive slots for the active UL BWP in the second UL carrier where the first
dot starts at asame time as afirst dot in the reference second UL carrier.

If aBWP in the serving cell is configured with -2 and with extended CP, the UE expects uq, = 0, tir =1, Or
Uss = 2. A format for aslot with extended CP is determined from aformat for aslot with normal CP. A UE

determines an extended CP symbol to be a downlink/uplink/flexible symbol if the overlapping normal CP symbols that
are downlink/uplink/flexible symbols, respectively. A UE determines an extended CP symbol to be a flexible symbol if
one of the overlapping normal CP symbolsisflexible. A UE determines an extended CP symbol to be aflexible symbol
if the pair of the overlapping normal CP symbols includes a downlink and an uplink symbol.

A reference SCS configuration fig, , OF Hgrp , OF fgr s OF e gy iSEIther 0, 0r 1, or 2 for FR1 and iseither 2 or 3
for FR2.

For a set of symbols of adot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating
the set of symbols of the slot as uplink and to detect aDCI format 1_0, aDCI format 1_1, or DCI format 0_1 indicating
to the UE to receive PDSCH or CSI-RS in the set of symbols of the dot.

For a set of symbols of adot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating

the set of symbolsin the slot as downlink and to detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format
1 1, DCI format 2_3, or aRAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set

of symbols of the dlot.

For a set of symbols of adot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value
indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible.

For a set of symbols of adot indicated to a UE by ssh-PositionsInBurst in SIB1 or ssb-PositionsInBurst in
ServingCellConfigCommon for reception of SSYPBCH blocks, the UE does not expect to detect a DCI format 2_0 with
an SFl-index field value indicating the set of symbols of the ot as uplink.

For aset of symbols of aslot i corresponding to avalid PRACH occasion and N,, symbols before the valid PRACH

occasion, as described in Sublcause 8.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field
value indicating the set of symbols of the dot as downlink.

For a set of symbols of adot indicated to a UE by pdcch-ConfigSB1 in MIB for a CORESET for TypeO-PDCCH CSS
set, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the
slot as uplink.

For a set of symbols of adot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated are not provided to the UE, and if the UE detectsa DCI format 2_0 providing a format for the
dlot using aslot format value other than 255

- if one or more symbols from the set of symbols are symbolsin a CORESET configured to the UE for PDCCH
monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0
indicates that the one or more symbols are downlink symbols

- if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the dot as flexible and the UE
detectsa DCI format 1_0, DCI format 1_1, or DCI format O_1lindicating to the UE to receive PDSCH or CSI-RS
in the set of symbols of the slot, the UE receives PDSCH or CSI-RS in the set of symbols of the slot

- if an SFl-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE
detectsa DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or aRAR UL
grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE
transmits the PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot

- if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the dot as flexible, and the UE does
not detect a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive PDSCH or CSI-
RS, or the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format
2 3,or aRAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of
symbols of the dot, the UE does not transmit or receive in the set of symbols of the slot
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- if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the dot, the UE
receives the PDSCH or the CSI-RSin the set of symbols of the slot only if an SFI-index field value in DCI
format 2_0 indicates the set of symbols of the slot as downlink

- if the UE is configured by higher layersto transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the
dot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field valuein
DCI format 2_0 indicates the set of symbols of the dot as uplink

- if the UE is configured by higher layersto transmit SRS in the set of symbols of the dot, the UE transmits the
SRS only in asubset of symbols from the set of symbols of the ot indicated as uplink symbols by an SFI-index
field valuein DCI format 2_0

- aUE does not expect to detect an SFl-index field value in DCI format 2_0 indicating the set of symbols of the
dlot as downlink and also detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI
format 2_3, or aRAR UL grant indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or
more symbols from the set of symbols of the ot

- aUE does not expect to detect an SFl-index field valuein DCI format 2_0 indicating the set of symbols of the
slot as downlink or flexibleif the set of symbols of the slot includes symbols corresponding to any repetition of a
PUSCH transmission activated by an UL Type 2 grant PDCCH as described in Subclause 10.2

- aUE does not expect to detect an SFl-index field valuein DCI format 2_0 indicating the set of symbols of the
slot as uplink and also detect a DCI format 1_0 or DCI format 1_1 or DCI format 0_1 indicating to the UE to
receive PDSCH or CSI-RSin one or more symbols from the set of symbols of the slot

If aUE is configured by higher layersto receive a CSI-RS or aPDSCH in a set of symbols of aslot and the UE detects
aDCI format 2_0 with adot format value other than 255 that indicates a slot format with a subset of symbols from the
set of symbols as uplink or flexible, or the UE detectsa DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format
1 1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at |least one symbol in
the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the dot or cancels the PDSCH
reception in the dot.

If aUE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of aslot
and the UE detects a DCI format 2_0 with a ot format value other than 255 that indicates a slot format with a subset of
symbols from the set of symbols as downlink or flexible, or the UE detectsa DCI format 1_0, DCI format 1 _1, or DCI
format O_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then

- the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to alast
symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI format 1_1
or the DCI format 0_1, after a number of symbolsthat is smaller than the PUSCH preparationtime T, ., for the

roc,2

corresponding PUSCH processing capability [6, TS 38.214] assuming d,, =1 and & correspondsto the

smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0, DCI
format 1_0, DCI format 1_1 or DCI format O_1 and the SCS configuration of the SRS, PUCCH, PUSCH or 4,
where u corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 1=0

- the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols
and cancels the SRS transmission in remaining symbols from the subset of symbols.

A UE assumes that flexible symbolsin a CORESET configured to the UE for PDCCH monitoring are downlink
symbols if the UE does not detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the dlot as
flexible or uplink and the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or
DCI format 2_3 indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH in the set of symbols.

For a set of symbols of adot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-
ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-
ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing aslot
format for the slot

- the UE receives PDSCH or CSI-RS in the set of symbols of the dot if the UE receives a corresponding
indication by aDCI format 1_0, DCI format 1_1, or DCI format 0_1

- the UE transmits PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot if the UE receivesa
corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI
format 2_3
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- the UE receives PDCCH as described in Subclause 10.1

- if the UE is configured by higher layersto receive PDSCH or CSI-RS in the set of symbols of the slot, the UE
does not receive the PDSCH or the CSI-RS in the set of symbols of the slot

- if the UE is configured by higher layersto transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the dot, the UE

- does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRSin
symbols from the set of symbolsin the dot, if any, starting from a symbol that is after PUSCH preparation
time T, for the corresponding PUSCH timing capability [6, TS 38.214] assuming d,, =1 after alast

proc,2
symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and
corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or &, where i corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher; otherwise 14=0

- does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH, or the PRACH in
symbols from the set of symbolsinthe dot, if any, starting before a symbol that is after the PUSCH
preparationtime T_ ., for the corresponding PUSCH timing capability [6, TS 38.214] assuming d,, =1 after
alast symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and X
corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or &, where x corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher; otherwise 14=0

For unpaired spectrum operation for a UE on a cell in afrequency band of FR1, and when the scheduling restrictions
due to RRM measurements [10, TS 38.133] are not applicable, if the UE detects a DCI format 0_0, DCI format 0_1,
DCI format 1 0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit in a set of symbols, the UE is not
required to perform RRM measurements [10, TS 38.133] based on a SS/PBCH block or CSI-RS reception on a different
cell in the frequency band if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of
symbols.

11.2  Interrupted transmission indication

If aUE is provided DownlinkPreemption, the UE is configured with an INT-RNTI provided by int-RNTI for monitoring
PDCCH conveying DCI format 2_1 [5, TS 38.212]. The UE is additionally configured with

- aset of serving cells by int-ConfigurationPer ServingCell that includes a set of serving cell indexes provided by
corresponding servingCellld and a corresponding set of locations for fieldsin DCI format 2_1 by positioninDCI

- aninformation payload size for DCI format 2_1 by dci-PayloadSize
- anindication granularity for time-frequency resources by timeFrequencySet

If aUE detectsa DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no
transmission to the UE is present in PRBs and in symbolsthat are indicated by the DCI format 2_1, from a set of PRBs
and a set of symbols of the last monitoring period. The indication by the DCI format 2_1 is not applicable to receptions
of SS/PBCH blocks.

The set of PRBsis egual to the active DL BWP as defined in Subclause 12 and includes B, PRBs.

If aUE detectsa DCI format 2_1 in a PDCCH transmitted in a CORESET in a dot, the set of symbolsisthe last
Nomo - Tir -2 “™ symbols prior to the first symbol of the CORESET in the slot where T,; isthe PDCCH
monitoring periodicity provided by the value of monitoringS otPeriodicityAndOffset, as described in Subclause 10.1,
NsS}./?rgb isthe number of symbols per dot, 1 isthe SCS configuration for a serving cell with mapping to a respective
field inthe DCI format 2_1, u,, isthe SCS configuration of the DL BWP where the UE receives the PDCCH with the
DCI format 2_1. If the UE is provided tdd-UL-DL-ConfigurationCommon, symbolsindicated as uplink by tdd-UL-DL-
ConfigurationCommon are excluded fromthelast Ng, - T, -2“ “*" symbols prior to the first symbol of the

CORESET in the slot. The resulting set of symbols includes a number of symbols that is denoted as N, -
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The UE does not expect to be provided values of 4, u,; , and Ty, resultingto avalue of Ngm, Ty -2° " thatis

not an integer. The UE does not expect to be configured by monitoringSymbol sWithinS ot with more than one PDCCH
monitoring occasion for DCI format 2_1in aslot.

A UE is provided the indication granularity for the set of PRBs and for the set of symbols by timeFrequencySet.

If the value of timeFrequencySet is 0, 14 bits of afield in DCI format 2_1 have a one-to-one mapping with 14 groups of
consecutive symbols from the set of symbols where each of the first N,; —| Ny; /14 ]-14 symbol groups includes

[N, /14] symbols, each of thelast 14 — N, +| N,y /14 |- 14 symbol groupsincludes | N, /14 | symbols, abit value

of O indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no transmission
to the UE in the corresponding symbol group.

If the value of timeFrequencySet is 1, 7 pairs of bits of afield in the DCI format 2_1 have a one-to-one mapping with 7
groups of consecutive symbols where each of thefirst N, —| N,y /7]-7 symbol groupsincludes [N, /7] symbols,

each of thelast 7— N, +| N,y;/7]-7 symbol groupsincludes | N, /7 | symbols, afirst bit in a pair of bits for a
symbol group is applicable to the subset of first [B,, /2] PRBsfromtheset of B,,; PRBs, asecond bit in the pair of
bits for the symbol group is applicable to the subset of last | B,;/2| PRBsfromthe set of B,; PRBs, abit valueof 0

indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value of 1 indicates
no transmission to the UE in the corresponding symbol group and subset of PRBs.

11.3  Group TPC commands for PUCCH/PUSCH

For PUCCH transmission on a serving cell, a UE can be provided
- aTPC-PUCCH-RNTI for aDCI format 2_2 by tpc-PUCCH-RNTI

- afieldin DCI format 2_2isaTPC command of 2 bitsmappingto &, .,y , 1 . Vauesasdescribedin
Subclause 7.2.1

- anindex for alocationin DCI format 2_2 of afirst bit for a TPC command field for the PCell, or the SpCell for
EN-DC operation, or for a carrier of the PCell by tpc-1ndexPCell

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for the PUCCH-SCell or for a
carrier for the PUCCH-SCell by tpc-1ndexPUCCH-Scell

- amapping for the PUCCH power control adjustment state 1{0,1}, by a corresponding {0, 1} value of aclosed

loop index field that is appended to the TPC command field in DCI format 2_2 if the UE indicates a capability to
support two PUCCH power control adjustment states by twoDifferent TPC-Loop-PUCCH, and if the UE is
configured for two PUCCH power control adjustment states by twoPUCCH-PC-AdjustmentStates

The UE isalso provided on a serving cell with a configuration for a search space set € and a corresponding CORESET
P for monitoring PDCCH candidates for DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI as described
in Subclause 10.1.

For PUSCH transmission on a serving cell, a UE can be provided
- aTPC-PUSCH-RNTI for aDCI format 2_2 by tpc-PUSCH-RNTI
- afieldin DCI format 2_2 isa TPC command of 2 bits mapping to 5PUSCH’ b,f,c Valuesasdescribedin
Subclause 7.1.1

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for an uplink carrier of the
serving cell by tpe-Index

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for a supplementary uplink
carrier of the serving cell by tpc-IndexSUL

- anindex of the serving cell by targetCell. If targetCell is not provided, the serving cell isthe cell of the PDCCH
reception for DCI format 2_2
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- amapping for the PUSCH power control adjustment state | € {O, 1}, by a corresponding {0, 1} value of a closed

loop index field that is appended to the TPC command field for the uplink carrier or for the supplementary
uplink carrier of the serving cell in DCI format 2_2 if the UE indicates a capability to support two PUSCH
power control adjustment states, by twoDifferentTPC-Loop-PUSCH, and if the UE is configured for two PUSCH
power control adjustment states by twoPUSCH-PC-AdjustmentStates

The UE is also provided for the serving cell of the PDCCH reception for DCI format 2_2 with a configuration for a
search space set S and a corresponding CORESET P for monitoring PDCCH candidates for DCI format 2_2 with

CRC scrambled by a TPC-PUSCH-RNTI as described in Subclause 10.1.

11.4 SRS switching

DCI format 2_3 is applicable for uplink carrier(s) of serving cells where a UE is not configured for PUSCH/PUCCH
transmission or for uplink carrier(s) of a serving cell where srs-Power Control AdjustmentStates indicates a separate
power control adjustment state between SRS transmissions and PUSCH transmissions.

A UE configured by higher layers with parameter carrier Switching is provided
- aTPC-SRS-RNTI for aDCI format 2_3 by tpc-SRS-RNTI

- anindex of aserving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCelllndex

- anindication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more
other serving cells by srs-SwitchFromCarrier

- aDCI format 2_3 field configuration type by typeA or typeB

- for typeA, anindex for a set of serving cellsis provided by cc-Setindex, indexes of serving cellsin the set of
serving cells are provided by cc-1ndexlnOneCC-Set, and a DCI format 2_3 field includes a TPC command
for each serving cell from the set of serving cells and can also include a SRS request for SRS transmission on
the set of serving cells

- for typeB, DCI format 2_3 field includes a TPC command for a serving cell index and can also include a SRS
request for SRS transmission on the serving cell

- anindication for aserving cell for whether or not afield in DCI format 2_3 includes a SRS request by
fieldTypeFormat2-3 where a value of 0/1 indicates absence/presence of the SRS request — a mapping for a 2 bit
SRS request to SRS resource setsisas provided in [6, TS 38.214]

- anindex for alocation in DCI format 2_3 of afirst bit for afield for a non-supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3

- anindex for alocation in DCI format 2_3 of afirst bit for afield for a supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3SUL-v1530

12 Bandwidth part operation

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

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

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

A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the
serving cell aset of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth by
parameter BWP-Downlink or by parameter initial DownlinkBWP with a set of parameters configured by BWP-
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DownlinkCommon and BWP-DownlinkDedicated, and a set of at most four BWPs for transmissions by the UE (UL
BWP set) in an UL bandwidth by parameter BWP-Uplink or by parameter initial UplinkBWP with a set of parameters
configured by BWP-UplinkCommon and BWP-UplinkDedicated.

If aUE is not provided initialDownlinkBWP, an initial DL BWP is defined by alocation and number of contiguous
PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a
CORESET for Type0-PDCCH CSS set, and a SCS and a cyclic prefix for PDCCH reception in the CORESET for
TypeO-PDCCH CSS set; otherwise, theinitial DL BWP is provided by initial DownlinkBWP. For operation on the
primary cell or on a secondary cell, a UE is provided an initial UL BWP by initialUplinkBWP. If the UE is configured
with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by
initial UplinkBWP.

If a UE has dedicated BWP configuration, the UE can be provided by firstActiveDownlinkBWP-Id afirst active DL
BWP for receptions and by firstActiveUplinkBWP-1d afirst active UL BWP for transmissions on a carrier of the
primary cell.

For each DL BWP or UL BWP in aset of DL BWPs or UL BWPs, respectively, the UE is provided the following
parameters for the serving cell asdefined in [4, TS 38.211] or [6, TS 38.214]:

- aSCShy subcarrierSpacing
- acyclic prefix by cyclicPrefix

- acommon RB Ngwp =0, + RByse and anumber of contiguous RBs N2, = L., provided by
locationAndBanadwidth that indicates an offset RB,,, and alength L., asRIV according to [6, TS 38.214],

setting N5z =275, and avalue O, provided by offsetToCarrier for the subcarrierSpacing

- anindex inthe set of DL BWPs or UL BWPs by respective BWP-1d

- aset of BWP-common and a set of BWP-dedicated parameters by BWP-DownlinkCommon and BWP-
DownlinkDedicated for the DL BWP, or BWP-UplinkCommon and BWP-UplinkDedicated for the UL BWP [12,
TS38.331]

For unpaired spectrum operation, aDL BWP from the set of configured DL BWPs with index provided by BWP-Id is
linked with an UL BWP from the set of configured UL BWPs with index provided by BWP-1d when the DL BWP index
and the UL BWP index are same. For unpaired spectrum operation, a UE does not expect to receive a configuration
where the center frequency for aDL BWP is different than the center frequency for an UL BWP when the BWP-1d of
the DL BWP is same as the BWP-Id of the UL BWP.

For each DL BWP in aset of DL BWPs of the PCell, or of the PUCCH-SCell, a UE can be configured CORESETSs for
every type of CSS sets and for USS as described in Subclause 10.1. The UE does not expect to be configured without a
CSS set on the PCell, or on the PUCCH-SCell, of the MCG in the active DL BWP.

If aUE is provided control ResourceSetZero and searchSpaceZero in PDCCH-ConfigS B1 or PDCCH-ConfigCommon,
the UE determines a CORESET for a search space set from control ResourcesetZero as described in Subclause 13 and
for Tables 13-1 through 13-10, and determines corresponding PDCCH monitoring occasions as described in Subclause
13 and for Tables 13-11 through 13-15. If the active DL BWP is not the initial DL BWP, the UE determines PDCCH
monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the
active DL BWP has same SCS configuration and same cyclic prefix astheinitial DL BWP.

For each UL BWP in aset of UL BWPs of the PCell or of the PUCCH-SCell, the UE is configured resource sets for
PUCCH transmissions as described in Subclause 9.2.1.

A UE receives PDCCH and PDSCH in a DL BWP according to a configured SCS and CP length for the DL BWP. A
UE transmits PUCCH and PUSCH in an UL BWP according to a configured SCS and CP length for the UL BWP.

If abandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates
the active DL BWP, from the configured DL BWP set, for DL receptions as described in [5, TS 38.212]. If a bandwidth
part indicator field is configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL
BWP, from the configured UL BWP set, for UL transmissions as described in [5, TS 38.212]. If a bandwidth part
indicator field is configured in DCI format 0_1 or DCI format 1_1 and indicates an UL BWP or aDL BWP different
from the active UL BWP or DL BWP, respectively, the UE shall
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- for each information field in the received DCI format 0_1 or DCI format 1 1

- if the size of the information field is smaller than the one required for the DCI format O_1 or DCI format 1_1
interpretation for the UL BWP or DL BWP that isindicated by the bandwidth part indicator, respectively, the
UE prepends zeros to the information field until its size is the one required for the interpretation of the
information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1
information fields, respectively

- if the size of the information field islarger than the one required for the DCI format 0_1 or DCI format 1 1
interpretation for the UL BWP or DL BWP that isindicated by the bandwidth part indicator, respectively, the
UE uses a number of least significant bits of DCI format 0_1 or DCI format 1_1 equal to the one required for
the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI format 0_1 or
DCI format 1_1 information fields, respectively

- settheactive UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCI format 0_1 or DCI format 1_1, respectively

A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an
active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for
aPDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP
change or UL BWP change[10, TS 38.133].

If aUE detectsa DCI format 1_1 indicating an active DL BWP change for a cell, the UE is not required to receive or
transmit in the cell during atime duration from the end of the third symbol of a slot where the UE receives the PDCCH
that includes the DCI format 1 1 in a scheduling cell until the beginning of a slot indicated by the slot offset value of
the time domain resource assignment field in the DCI format 1_1.

If aUE detectsa DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or
transmit in the cell during atime duration from the end of the third symbol of a ot where the UE receives the PDCCH
that includes the DCI format 0_1 in the scheduling cell until the beginning of a dot indicated by the dot offset value of
the time domain resource assignment field in the DCI format 0_1.

A UE does not expect to detect a DCI format 1_1 indicating an active DL BWP change or a DCI format 0_1 indicating

an active UL BWP change for a scheduled cell within FR1 (or FR2) in a ot other than the first slot of a set of dotsfor

the DL SCS of the scheduling cell that overlaps with atime duration where the UE is not required to receive or transmit
for an active BWP change in a different cell from the scheduled cell within FR1 (or FR2).

A UE expectsto detect a DCI format 0_1 indicating active UL BWP change, or aDCI format 1 1 indicating active DL
BWP change, only if a corresponding PDCCH is received within the first 3 symbols of adot.

For a serving cell, a UE can be provided by defaultDownlinkBWP-Id a default DL BWP among the configured DL
BWHPs. If aUE is not provided a default DL BWP by defaultDownlinkBWP-Id, the default DL BWP istheinitial DL
BWP.

If aUE is provided by bwp-InactivityTimer atimer value for the serving cell [11, TS 38.321] and the timer is running,
the UE decrements the timer at the end of a subframe for FR1 or at the end of a half subframe for FR2 if the restarting
conditionsin [11, TS 38.321] are not met during the interval of the subframe for FR1 or of the half subframe for FR2.

For a cell where a UE changes an active DL BWP due to a BWP inactivity timer expiration and for accommodating a
delay in the active DL BWP change or the active UL BWP change required by the UE [10, TS 38.133], the UE is not
required to receive or transmit in the cell during atime duration from the beginning of a subframe for FR1, or of half of
a subframe for FR2, that isimmediately after the BWP inactivity timer expires until the beginning of a dot where the
UE can receive or transmit.

When a UE's BWP inactivity timer for a cell within FR1 (or FR2) expires within atime duration where the UE is not
required to receive or transmit for an active UL/DL BWP change in the cell or in adifferent cell within FR1 (or FR2),
the UE delays the active UL/DL BWP change triggered by the BWP inactivity timer expiration until a subframe for
FR1 or half asubframe for FR2 that isimmediately after the UE completes the active UL/DL BWP change in the cell or
in the different cell within FR1 (or FR2).

If aUE is provided by firstActiveDownlinkBWP-1d afirst active DL BWP and by firstActiveUplinkBWP-1d afirst active
UL BWP on acarrier of a secondary cell, the UE uses the indicated DL BWP and the indicated UL BWP asthe
respective first active DL BWP on the secondary cell and first active UL BWP on the carrier of the secondary cell.
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For paired spectrum operation, a UE does not expect to transmit a PUCCH with HARQ-ACK information on a PUCCH
resource indicated by aDCI format 1 0 or aDCI format 1_1 if the UE changesits active UL BWP on the PCell or
PUCCH-SCell between atime of a detection of the DCI format 1_0 or the DCI format 1_1 and atime of a
corresponding PUCCH transmission with HARQ-ACK information.

A UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a
bandwidth that is not within the active DL BWP for the UE.

13 UE procedure for monitoring TypeO-PDCCH CSS
sets

If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in
Subclause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for
the CORESET of the Type0-PDCCH CSS set from control ResourceSetZero in pdcch-ConfigSIB1, as described in
Tables 13-1 through 13-10, and determines PDCCH monitoring occasions from searchSpaceZero in pdech-ConfigSI B1,
included in MIB, as described in Tables 13-11 through 13-15. SFN, and n. are the SFN and slot index within aframe

of the CORESET based on SCS of the CORESET and SFN,, and Nggz; arethe SFN and slot index based on SCS of
the CORESET, respectively, where the SSY/PBCH block with index i overlapsin time with system frame SFN <=5, and

slot Nggg ; - The symbols of the CORESET associated with pdech-ConfigSB1 in MIB or with searchSpaceSIBl in
PDCCH-ConfigCommon have normal cyclic prefix.

The offset in Tables 13-1 through 13-10 is defined with respect to the SCS of the CORESET for TypeO-PDCCH CSS
set, provided by subCarrier SpacingCommon, from the smallest RB index of the CORESET for TypeO-PDCCH CSS set
to the smallest RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. In

Tables 13-7, 13-8, and 13-10 Ky isdefined in [4, TS 38.211].

For the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the TypeO-PDCCH CSS set
over two consecutive slots starting from slot n, . For SYPBCH block with index i , the UE determines an index of slot

N, as Ny = (O~ 2 +]i-M j)mOdN;ﬁme” located in aframe with system frame number (SFN) SFN,. satisfying
SFNemod2=0 if L(O 2! +Li . MJ)/ N;roa:“e"J mod2=0 or in aframe with SFN satisfying SFNo mod2=1 if
[(0-2#+|i-M /N |mod2=1. M and O are provided by Tables 13-11 and 13-12, and x< {0,1,2,3 based on

the SCS for PDCCH receptionsin the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in
slots n, and n, + 1 isthefirst symbol index provided by Tables 13-11 and 13-12.

For the SS/PBCH block and CORESET multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0O-PDCCH
CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. For the
SS/PBCH block and CORESET multiplexing patterns 2 and 3, if the active DL BWP isthe initial DL BWP, the UE is
expected to be able to perform radio link monitoring, as described in Subclause 5, and measurements for radio resource
management [10, TS 38.133] using a SS/PBCH block that provides a CORESET for Type0-PDCCH CSS set. For a

SS/PBCH block with index i , the UE determines the slot index n. and SFN. based on parameters provided by Tables
13-13 through 13-15.
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Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {15, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SSIPBCH block and CORESET Number of RBs | Number of Symbols

Index multiplexing pattern N SORESET Ng,ﬁ'EESET Offset(RBs)
0 1 24 2 0
1 1 24 2 2
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
5 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
11 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved

Table 13-2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {15, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
EEX multiplexing pattern N SORESET N CORESET Offset (RBs)

0 1 24 2 5
1 1 24 2 6
2 1 24 2 7
3 1 24 2 8
4 1 24 3 5
> 1 24 3 6
6 1 24 3 7
7 1 24 3 8
8 1 48 1 18
9 1 48 1 20
10 1 48 2 18
11 1 48 2 20
12 1 48 3 18
13 1 48 3 20
14 Reserved

15 Reserved
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Table 13-3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/IPBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern N g EET Nomp o' Offset (RBs)
0 1 48 1 2
1 1 48 1 6
2 1 48 2 2
3 1 48 2 6
4 1 48 3 2
5 1 48 3 6
6 1 96 1 28
7 1 96 2 28
8 1 96 3 28
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/IPBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern N SoRESET Noop o' Offset (RBs)
0 1 24 2 0
1 1 24 2 1
2 1 24 2 2
3 1 24 2 3
4 1 24 2 4
5 1 24 3 0
6 1 24 3 1
7 1 24 3 2
8 1 24 3 3
9 1 24 3 4
10 1 48 1 12
11 1 48 1 14
12 1 48 1 16
13 1 48 2 12
14 1 48 2 14
15 1 48 2 16
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Table 13-5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 15} kHz for frequency bands with minimum channel
bandwidth 40MHz

index | SS/PBCH block and CORESET | Number of RBs Number °§RSE§Emb°'S Offset (RBs)
multiplexing pattern N goRESET -
0 1 48 1 4
1 1 48 2 4
2 1 48 3 4
3 1 96 1 0
4 1 96 1 56
5 1 96 2 0
6 1 96 2 56
7 1 96 3 0
8 1 96 3 56
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern | Lo EE N COREsET Offset (RBs)
0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 4
4 1 48 1 0
> L 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 L 48 3 28
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-7: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {120, 60} kHz

SS/PBCH block and CORESET Number of RBs Number of
MEE multiplexing pattern N EER= Symbols N r=T Clize (22
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
4 1 48 3 0
5 1 48 3 8
6 1 96 1 28
7 1 96 2 28
41 if =0
8 2 48 1 Ksso
-42 if Keg >0
9 2 48 1 49
-41 if Keg=0
10 2 96 1
42 if Kegg>0
11 2 96 1 97
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-8: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz

SS/IPBCH block and CORESET Number of RBs Number of
Index multiplexing pattern NJCORESEY Symbols N;?HEESEF Offset (RBs)
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
4 3 24 2 20 f Koo =0
21 if Kgg >0
5 3 24 2 24
6 3 48 2 20t k=0
21 if Kgg>0
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {240, 60} kHz

SS/IPBCH block and CORESET Number of RBs | Number of Symbols
e E7 multiplexing pattern NICSREEY Nomp o' el (R
0 1 96 1 0
1 1 96 1 16
2 1 96 2 0
3 1 96 2 16
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-10: Set of resource blocks and slot symbols of CORESET for TypeO-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

Number of RBs Number of
Index SS/PBCH _b|OCk and CORESET et Symbols Offset (RBs)
multiplexing pattern N rs CORESET
Ngrmb
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
-41 if Kz =0
4 2 24 1
-42if Ksgg>0
5 2 24 1 25
41 if Ksg=0
6 2 48 1
-42 if Ksg>0
7 2 48 1 49
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR1

Index (@) Number of sea;cl:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0, if 1 is even}, { NSOREST | if 1 is odd}
2 2 1 1 0
3 2 2 1/2 {0, if 1 is even}, { NSoR=>" , if 1 is odd}
4 5 1 1 0
5 5 2 1/2 {0, if 1 is even}, { NSOR=>" , if 1 is odd}
6 7 1 1 0
7 7 2 1/2 {0, if 1 is even}, { NSORET | if 1 is odd}
8 0 1 2 0
9 5 1 2 0
10 0 1 1 1
11 0 1 1 2
12 2 1 1 1
13 2 1 1 2
14 5 1 1 1
15 5 1 1 2

Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR2

Index o) Number of sea:l:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0,if 1 is even}, {7,if | is odd}
2 2.5 1 1 0
3 2.5 2 1/2 {0,if 1 is even}, {7, if | is odd}
4 5 1 1 0
5 5 2 1/2 {0,if | iseven}, {7,if I is odd}
6 0 2 1/2 {0, if 1 is even}, { NSORESFT | if 1 is odd}
7 2.5 2 1/2 {0,if I is even}, { NSSEET i I is odd}
8 5 2 1/2 {0,if 1 is even}, { NSORESFT | if 1 is odd}
9 75 1 1 0
10 75 2 1/2 {0,if I iseven}, {7, if I is odd}
11 75 2 1/2 {0, if 1 is even}, { NSORESFT  if 1 is odd}
12 0 1 2 0
13 5 1 2 0
14 Reserved
15 Reserved
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Table 13-13: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 2 and {SS/PBCH block, PDCCH} SCS {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s%/mlbol |25d)ex
0 SFN, :SFNSSBi 0,1,6,7for
Ne = Nggg i=4k, i=4k+1,i=4k+2,i=4k+3
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-14: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 2 and {SS/PBCH block, PDCCH} SCS {240, 120} kHz

Index PDCCH monitoring occasions First symbol index
(SFN and slot number) (k=0,1,..,7)
0,1,23,0,1ini=8k,i=8k+1,i=8k+2,i=8k+3,
0 SFN, =SFNg; i=8k+6, i=8k+7 (N.=Nggp;)
= - or = -
e = Nssay O Mo = Moy —1 12,1310 i =8k +4, | =8Kk+5 (N, = Ny —1)
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-15: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s())/mlbol |25d)ex
SFN = SFNggs; 4,8,2,6iIn
0
Ne = Negg i i=4k, i=4k+1,i=4k+2,i=4k+3

1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

If a UE detectsafirst SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and
for 24< ki <29 for FR1 or for 12 < k., <13 for FR2, the UE may determine the nearest (in the corresponding

frequency direction) global synchronization channel number (GSCN) of a second SS/PBCH block having a CORESET
for an associated TypeO-PDCCH CSS set as Nigo™+ NOI=. NFgeee jsthe GSCN of the first SSPBCH block and

N Qi< isaGSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If the UE detects the second

SS/PBCH block and the second SS/PBCH block does not provide a CORESET for Type0-PDCCH CSS set, as
described in Subclause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block locations for
performing cell search.

If a UE detects a SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and for
kg =31 for FR1 or for kss=15 for FR2, the UE determines that there is no SS/PBCH block having an associated
TypeO-PDCCH CSS set within a GSCN range [NSgoene — NJat | NEgeee + NEid 1. N3 and NEX, are
respectively determined by control ResourceSetZero and searchSpaceZero in pdech-ConfigSIB1. If the GSCN rangeis
[NSgeence NES=] | the UE determines that there is no information for asecond SS/PBCH block with a CORESET
for an associated TypeO-PDCCH CSS set on the detected SS/PBCH block.

If a UE does not detect any SS/PBCH block providing a CORESET for Type0-PDCCH CSS set, as described in

Subclause 4.1, within atime period determined by the UE, the UE may ignore the information related to GSCN of
SS/PBCH locationsin performing cell search.
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Table 13-16: Mapping between the combination of ks and controlResourceSetZero and

searchSpaceZero in pdcch-ConfigSIB1 to Ng;fgﬁ,‘ for FR1

Kees 16x% control ResourceSetZero NOffet
+searchSpaceZero GSCN

24 01, ...,255 1,2, ...,256

25 01, ...,255 257,258, ..., 512

26 0,1, ...,255 513, 514, ...., 768

27 01, ...,255 -1,-2,...,-256

28 01, ...,255 -257,-258, ..., -512

29 01, ...,255 -513, -514, ...., -768

30 01,...,255 Reserved, Reserved, ..., Reserved

Table 13-17: Mapping between the combination of kg and controlResourceSetZero and

searchSpaceZero in pdcch-ConfigSIB1 to Ngfgf for FR2

K 16x control ResourceSetZero NOffset

SSB +searchSpaceZero GSCN

12 0,1,...,255 1,2, ...,256

13 0,1,...,255 -1,-2, ..., -256

14 0,1,..,255 Reserved, Reserved, ..., Reserved
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