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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 the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

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

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

The present document specifies and establishes the characteristics of the physical layer procedures for control
operations in 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”

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in [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 in italics is provided by higher layers.

3.2 Symbols

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

3GPP
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3.3

For the purposes of the present document, the abbreviations 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 Bits per resource element

BWP Bandwidth part

CB Code block

CBG Code block group

CCE Control channel element
CORESET Control resource set

CP Cyclic prefix

CRC Cyclic redundancy check

CSI Channel state information

CSS Common search space

DAI Downlink assignment index

DC Dual connectivity

DCI Downlink control information

DL Downlink

DL-SCH Downlink shared channel

EPRE Energy per resource element
EN-DC E-UTRA NR dual connectivity with MCG using E-UTRA and SCG using NR
FR1 Frequency range 1

FR2 Frequency range 2

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

MCS Modulation and coding scheme
NE-DC E-UTRA NR dual connectivity with MCG using NR and SCG using E-UTRA
NN-DC NR NR dual connectivity

PBCH Physical broadcast channel

PCell Primary cell

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

PRG Physical resource block group
PSCell Primary secondary cell

PSS Primary synchronization signal
PUCCH Physical uplink control channel
PUCCH-SCell PUCCH SCell

PUSCH Physical uplink shared channel
QCL Quasi-collocation

RB Resource block

RE Resource element

RLM Radio link monitoring

RRM Radio resource management

RS Reference signal

RSRP Reference signal received power
SCG Secondary cell group

SCS Subcarrier spacing

SFN System frame number

SLIV Start and length indicator value
SPS Semi-persistent scheduling

SR Scheduling request

SRI SRS resource indicator

SRS Sounding reference signal

SSS Secondary synchronization signal
TA Timing advance

TAG Timing advance group

3GPP
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TCI Transmission Configuration Indicator
ucClI Uplink control information

UE User equipment

UL Uplink

UL-SCH Uplink shared channel

Uss UE-specific search space

3GPP
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the
physical layer Cell ID 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 assumes that 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 is within -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-RNTL.

For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined
according to the SCS of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first slot in a
half-frame.

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

smaller than or equal to 6 GHz, n=0,1,2,3

[ |
- Case B - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 4,8,16,20+28n
For carrier frequencies smaller than or equal to 3 GHz, n=0 " For carrier frequencies larger than 3 GHz and

n=0, 1

smaller than or equal to 6 GHz,

[ |
- Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 2,8+14n

- For paired spectrum operation

- For carrier frequencies smaller than or equal to 3 GHz, n=0,1 . For carrier frequencies larger than 3
GHz and smaller than or equal to 6 GHz, 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 larger than
2.4 GHz and smaller than or equal to 6 GHz, n=0,1,2,3

i i i 4,8,16,20+28n
- Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes (%5 ©» 195 V]
For carrier frequencies larger than 6 GHz, n=0,1,2,3,5,6,7,8,10,11,12,13,15,16,17, 18

- Case E - 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 larger than 6 GHz, n=0,1,2,3,56,7,8

From the above cases, if the SCS of SS/PBCH blocks is not provided by subcarrierSpacing, the applicable cases for a
cell depend on a respective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case
applies for all SS/PBCH blocks on the cell. If a 30 kHz SS/PBCH block SCS is indicated by subcarrierSpacing, Case B
applies for 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 SCS in [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 a UE configured to
operate with carrier aggregation over a set of cells in a frequency band of FR2 or with frequency-contiguous carrier
aggregation over a set of cells in a frequency band of FR1, if the UE is provided SCS values by subcarrierSpacing for
receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the SCS values to be same.
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1

The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to Lmax_ .AUE

determines the 2 LSB bits, for Lmax:4 , or the 3 LSB bits, for Lmax>4 , of a SS/PBCH block index per half frame

L.=64

from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE

determines the 3 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits ~ A+5’
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 set, as

described in Subclause 13, is present if kssp <23 [4, TS 38.211] for FR1 or if kssp <11 for FR2. The UE

determines from MIB that a CORESET for Type0-PDCCH CSS set is not present if kssp>23 for FR1 or if
kssp>11 for FR2; the CORESET for Type0O-PDCCH CSS set may be provided by PDCCH-ConfigCommon.

SS
S

SSB

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

4.2 Transmission timing adjustments

A UE can be provided a value NTA,Offset of a timing advance offset for a serving 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

NTA_offset of the timing advance offset for the serving cell as described in [10, TS 38.133].

If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value NTA_Offset applies to
both carriers.

Upon reception of a timing advance command or of a timing adjustment indication for a TAG, the UE adjusts uplink

timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value NTA_Offset that the
UE expects to be same for all the serving cells and based on the received timing advance command or the timing
adjustment indication where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving
cells in the TAG.

The timing adjustment indication [11, TS 38.321] indicates an initial time alignment value Ny used for a TAG. For

U
asSCSof 215 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to

16-64-T /2"

the current uplink timing for the TAG in multiples of . The start timing of the random access preamble

is described in [4, TS 38.211].

T

In case of random access response, a timing advance command [11, TS 38.321], 4 , for a TAG indicates Ny

values by index values of Iy, - 0,1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of

-7 1A. H
2"-15 kHz is Niy=T,'16 64/2 . Ny is defined in [4, TS 38.211] and is relative to the SCS of the first
uplink transmission from the UE after the reception of the random access response.

T N

TA

In other cases, a timing advance command [11, TS 38.321], “A , for a TAG indicates adjustment of a current

value, NTA_Old , to the new N value, NTA,HEW , by index values of T, - 0,1, 2,..., 63, where for a SCS of

215 kHz, NTA_new:NTA_old'l'(TA_31]'16'64/2IJ
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If a UE has multiple active UL BWPs, as described in Subclause 12, in a same TAG, including UL BWPs in 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 NTA_HeW 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 requirements in
[10, TS38.133].

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

For a timing advance command received on uplink slot ™ 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

_[ arsubframe, i+ | ‘
from the beginning of uplink slot n+k+1 where k_[NSIO‘ ¢ NT,1+NT,2+NTA,max+0- 5]/T5f] , NTJ isa

time duration of N, symbols corresponding to a PDSCH reception time for UE processing capability 1 when

additional PDSCH DM-RS is configured, NT,Z is a time duration of N, symbols corresponding to a PUSCH

N

preparation time for UE processing capability 1 [6, TS 38.214], “'Tmx ijs the maximum timing advance value that

subframe, y
can be provided by a TA command field of 12 bits, Noo is a number of slots per subframe, and Ly is the
subframe duration of 1 msec. N, and N, are determined with respect to the minimum SCS among the SCSs of all
configured UL BWPs for all uplink carriers in a TAG and of their corresponding configured DL. BWPs as described in

subframe, y
Subclause 12. Slot ™ and o are determined with respect to the minimum SCS among the SCSs of all

configured UL BWPs for all uplink carriers in the TAG. NTAJH&X is determined with respect to the minimum SCS
among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and for the initial active UL BWP
provided by initialuplinkBWP.

If a UE changes an active UL BWP between a time of a timing 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 absolute 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 Ny accordingly.

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

4.3 Timing for secondary cell activation / deactivation

When a UE receives an activation command [11, TS 38.321] in a PDSCH for a secondary cell in slot n, the UE applies
the corresponding actions in [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:

- the actions related to CSI reporting on a serving cell that is active in slot n+k

- the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
applies in slot n+k

- the actions related to CSI reporting on a serving cell which is not active in slot n+k that the UE applies in the

earliest slot after n+k in which the serving cell is active.

_ pysubframe, p
The value of k is k1+ 3N o +1 where kl is a number of slots for a PUCCH transmission with HARQ-

ACK information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI
Nsubframe, i

format scheduling the PDSCH reception as described in Subclause 9.2.3 and ~ *slot is a number of slots per

subframe for the SCS configuration H of the PUCCH transmission.
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If a UE receives a deactivation command [11, TS 38.321] for a secondary cell or the sCellDeactivationTimer associated
with the secondary cell expires in slot " , the UE applies the corresponding actions in [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 a serving cell

which is active which the UE applies in slot n+k

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 is the initial 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 with up to NiR-rim RadioLinkMonitoringRS for link recovery procedures, as decribed in

N

Subclause 6, and for radio link monitoring. From the “LR-RM  RadioLinkMonitoringRS, up to Npun

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 uses for 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 the active 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 Lo=4 , the UE selects the Nan RS provided for active TCI states for PDCCH receptions in
CORESETS associated with the search space sets in an order from the shortest monitoring periodicity. If more
than one CORESETSs 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 Neow RadioLinkMonitoringRS for radio link monitoring when the UE is not
provided RadioLinkMonitoringRS.

Values of “ir-rim and Mmv  for different values of L are given in Table 5-1.

Table 5-1: Yir-riv  and “mv  as a function of maximum number L of SS/IPBCH blocks per
half frame
Lmax NLR*RLM NRLM
4 2
8 6 4
64 8
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For a CSI-RS resource configuration, powerControlOffsetSS is not applicable and a UE expects to be provided only 'No
CDM' from cdm-Type, only '1' and '3' from density, and only 'l port' from nrofPorts [6, TS 38.214].

If a UE is configured with multiple DL. BWPs for a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexes provided by RadioLinkMonitoringRS for the active DL BWP or, if RadioLinkMonitoringRS is not
provided for the active DL BWP, using the RS(s) provided for the active TCI state for PDCCH receptions in
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 Qi) 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 (Q.. and Qi) provided by
rimInSyncOutOfSyncThreshold. 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 Q. for all resources in the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Q;, for 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 a serving cell, a set T of periodic CSI-RS resource configuration indexes by

failureDetectionResources and a set T of periodic CSI-RS resource configuration indexes and/or SS/PBCH block
indexes by candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided

failureDetectionResources, the UE determines the set %  to include periodic CSI-RS resource configuration indexes
with same values as the RS indexes in the RS sets indicated by TCI-state for respective CORESETs that the UE uses for

monitoring PDCCH and, if there are two RS indexes in a TCI state, the set 9  includes RS indexes with QCL-
TypeD configuration for the corresponding TCI states. The UE expects the set %  to include up to two RS indexes.
The UE expects single port RS in the set 9

The thresholds Qou,r and Qinir correspond to the default value of rimInSyncOutOfSyncThreshold, as described in [10,
TS 38.133] for Qou, and to the value provided by rsrp-ThresholdSSB, respectively.

Qo

The physical layer in the UE assesses the radio link quality according to the set of resource configurations

against the threshold Qo ix. For the set 90 | 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 Qi,rr threshold to the L1-RSRP measurement obtained
from a SS/PBCH block. The UE applies the Qi rr threshold to the L1-RSRP measurement obtained for a CSI-RS
resource after scaling a respective CSI-RS reception power with a value provided by powerControlOffsetSS.

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 configurations in the set 9  that the UE uses to assess the radio link quality is
worse than the threshold Qqu,r- The physical layer informs the higher layers when the radio link quality is worse than
the threshold Qou,r With a periodicity determined by the maximum between the shortest periodicity among the periodic

CSI-RS configurations and/or SS/PBCH blocks in the set 9  that the UE uses to assess the 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 Qqr With a periodicity determined as described in [10, TS 38.133].

Upon request from higher layers, the UE provides to higher layers the periodic CSI-RS configuration indexes and/or

SS/PBCH block indexes from the set 71 and the corresponding L1-RSRP measurements that are larger than or equal
to the Qi,Lr threshold.
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A UE can be provided a CORESET through a link 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 recoverySearchSpaceld.

The UE may receive by PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in
Subclause 8.1. For PRACH transmission in slot " and according to antenna port quasi co-location parameters

associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index Dnew
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-RNTT or MCS-C-RNTI starting from

slot M4 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 %ew  until the UE receives by higher layers an
activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-
ToReleaseList. After the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTT in the search
space set provided by recoverySearchSpaceld, the UE continues to monitor PDCCH candidates in the search space set
provided by recoverySearchSpaceld until the UE receives a MAC CE activation command for a TCI state or TCI-
StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.

After 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by
recoverySearchSpaceld 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-Spatialrelationinfo [11, TS 38.321] or is provided PUCCH-
Spatialrelationinfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission
using

- asame spatial filter as for the last PRACH transmission

- apower determined as described in Subclause 7.2.1 with 9= 0 9a= Dnew , and [=0
After K symbols from a last symbol of a first 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

q

assumes same antenna port quasi-collocation parameters as the ones associated with index 'new  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 Subcaluses 7.1.1, 7.2.1, and 7.3.1.

#
; N
A PUSCH/PUCCH/SRS/PRACH transmission occasion | is defined by a slot index S/ within a frame with

system frame number SFN ,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 serving cell ¢

, a UE first calculates a linear value PPUSCH,U:C(I’} ’qd’l) of the transmit power PPUSCH,b,f,C(l’J’qd’I) , with
parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when
txConfig in PUSCH-Config is set to 'codebook’, 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.

3GPP



Release 15 17 3GPP TS 38.213 V15.4.0 (2018-12)

7.1.1 UE behaviour

If a UE transmits a PUSCH on active ULBWP ! of carrier [ of serving cell ¢ using parameter set

configuration with index J  and PUSCH power control adjustment state with index l , the UE determines the
PUSCH transmission power PPUSCH,b,f ,c<l’j g 1) in PUSCH transmission occasion | as

Ppuscup,fe(isJ,qq,1)=min
Pevax.r.c(i).
OiPUS(_il—l,b.f,c(j)_'_lO IOglo(Zp'M;Ié{?;:f;,c(i) )"'ab,f,c( j)'PLb.f,c(qd)+ATF.b,ﬂc(i)"'fb.f,c(i» 1)
IAPAPARPA

[dBm]

Pr

where,

- PCMAX; f yf(l) is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for

carrier [ of serving cell ¢ in PUSCH transmission occasion !

PO_PUSCH,b,f ,C<] ) is a parameter composed of the sum of a component PO_NOMINAL_ PUSCHyﬂC( J ) and a

component PO_UE_PUSCH,b,f,c(j) where J€0, 1., J=1]

- If a UE is not provided PO-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant as

described in Subclause 8.3, j=0 , PO_UE_PUSCH’b’f’C (0>:0 , and

P P +A .
O_NOMINAL_PUSCH, f ,C(O) O_PRE " “'PREAMBLE ;3 where the parameter preambleReceivedTargetPower [11,

TS 38.321] (for POJ’RE ) and msg3-DeltaPreamble (for APREAMBLEMsg3 ) are provided by higher layers, or

A =0 f

PREAMBLE y,,3 dB if msg3-DeltaPreamble is not provided, for carrier of serving cell ¢

- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, J=1 , P O_NOMINAL_PUSCH, ,c( 1) is
provided by p0-NominalWithoutGrant, or PO_NOMINAL_PUSCHJ:C ( l)ZPO_NOMINAL_PUSCH,f )C( O) if p0-

NominalWithoutGrant is not provided, and P O_UE_PUSCH,b,f,c (1) is provided by p0 obtained from pO-
PUSCH-Alpha in ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetId to a set ofs P0O-

PUSCH-AlphaSet for active UL BWP b of carrier [ of serving cell ¢

- 41— . .
j€12,.. I-1I=S, ,a Po vowmar._ PUSCH,f 10(1 ) value, applicable for all JE€S; , is provided by

- For
pO-NominalWithGrant, or PO_NOMINAL_PUSCH,f ,C(J ):P O_NOMINAL_PUSCH, f ,C(O) if p0-NominalWithGrant is not

provided, for each carrier foof serving cell ¢ and a set of P O_UE_PUSCH,b,f ¢ (J ) 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 ! ofcarrier [ of serving cell ¢

- If the UE is provided by SRI-PUSCH-PowerControl more than one values of p0-PUSCH-AlphaSetId and
if DCI format 0_1 includes a SRI 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 determines

the value of PO_UE_PUSCH,b,f € (] ) from the pO0-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 a DCI format 0_1 that does not
include a SRI field, or if SRI-PUSCHPowerControl is not provided to the UE, j=2 , and the UE
determines P O_UE_PUSCH,b,f,c (]) from the value of the first p0-Pusch-AlphaSet in p0-AlphaSets

- For ab,f,c(j)
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- For J =0 , @, f y0<0) is a value of msg3-Alpha, when provided; otherwise, A, f ,C(O) =1

- For J=1 , @, f ,c( 1) is provided 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 [ of serving cell ¢

JES,

- For , a set of U, g ,C(J ) values are provided by a set of alpha in PO-PUSCH-AlphaSet indicated

by a respective set of p0-PUSCH-AlphaSetld for active UL BWP b of carrier [ of serving cell ¢

- 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 SRI 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 determines

the values of b/ .c (J ) from the p0-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 a DCI format 0_1 that does not
include a SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, J =2 , and the UE

determines  b.f.c (J ) from the value of the first p0-PUSCH-AlphaSet in p0-AlphaSets

PUSCH
M RB,b,f ,C( l> is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion | onactive ULBWP  of carrier [ of servingcell ¢ and H s
a SCS configuration defined in [4, TS 38.211]

PLbyf ;C( qd) is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index a
for the active DL. BWP, as described in Subclause 12, of serving cell ¢

- If the UE is not provided PUSCH-PathlossReferenceRS or before the UE is provided dedicated higher layer

parameters, the UE calculates PLb;f ;C( q‘f) 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-PathlossReferenceRS, 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-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 pusch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE

identifies a RS resource index 14 in the 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 uses the
same RS resource index 1d as for a corresponding PRACH transmission

- If the UE is provided SRI-PUSCH-PowerControl and more than one values of PUSCH-
PathlossReferenceRS-Id, 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 and a set of PUSCH-
PathlossReferenceRS-1d values. If the PUSCH transmission is scheduled by a DCI format 0_1 that includes a

SRI field, the UE determines the RS resource index 9 from the value of PUSCH-PathlossReferenceRS-

Id that is mapped to the SRI field value where the RS resource is either on serving cell ¢ or, if provided,
on a 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-Spatialrelationinfo for a PUCCH resource with a lowest index for active UL BWP b of each
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carrier f and serving cell ¢ | as described in Subclause 9.2.2, the UE uses the same RS resource

index g as for a PUCCH transmission in the PUCCH resource with the lowest index

- If the PUSCH transmission is scheduled by a DCI format 0_0 and if the UE is not provided a spatial setting
for a PUCCH transmission, or by a DCI 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 resource index qq with a respective
PUSCH-PathlossReferenceRS-Id value being equal to zero where the RS resource is either on serving cell
¢ or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking

- For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included

in ConfiguredGrantConfig , a RS resource index 9 s provided by a value of pathlossReferencelndex

included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell ¢ or, if provided,
on a serving cell indicated by a value of pathlossReferenceLinking

- For a PUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-

ConfiguredUplinkGrant, the UE determines a RS resource index 9 from a value of PUSCH-
PathlossReferenceRS-Id 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 ¢ with a respective PUSCH-PathlossReferenceRS-Id value being equal

to zero where the RS resource is either on serving cell ¢ or, if provided, on a serving cell indicated by a
value of pathlossReferenceLinking

P Lf :C(qd ) = referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is provided by
higher layers and RSRP is defined 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, referenceSignalPower is provided by ss-PBCH-
BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignalPower is provided either by ss-
PBCH-BlockPower or by powerControlOffsetSS providing an offset of the CSI-RS transmission power relative
to the SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE,
the UE assumes an offset of 0 dB.

, BPREK, .
ATF,b,f,c(l):lolOglo((Z _1).85&[}5?}1 K¢=1.25 4 ATF,b,f,c(l)ZO for Ks=0

for where

Ks is provided by deltaMCS for each UL BWP b ofeach carrier [ and serving cell ¢ .If the
PUSCH

PUSCH transmission is over more than one layer [6, TS 38.214], ATF,b,f ,C(l ):0 . BPRE apd Bofiser s

for active ULBWP D of each carrier [  and each serving cell ¢ | are computed as below

Cc-1
BPRE= ). K,/N _ .p/pPUSCH
; "™ for PUSCH with UL-SCH data and BPRE=QumR/Bofiset”  for CSI transmission

in a PUSCH without UL-SCH data, where

- C  is a number of transmitted code blocks, K, is a size for code block r ,and Ngg isa

Nomi.cli)-L
_ 2 fPUSCH |- RB (. .
. NRE_MRB,b,f,C(l)' Z Nsc,data(l’J)
number of resource elements determined as j=0 , where
NPUSCH (l) .
symb,b.f,c is a number of symbols for PUSCH transmission occasion | on active UL BWP b

RB .o
of carrier [ of serving cell ¢ Nscjda‘ﬂ(l’J ) is a number of subcarriers excluding DM-RS

subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol j ,

. PUSCH .
<
0_J<N5Ymb,b,fyc(1) ,and C | K, are defined in [5, TS 38.212]
BPUSCH -1 BPUSCH _ Bcsm
- offset when the PUSCH includes UL-SCH data and offset "~ Foffset  as described in Subclause

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

- For the PUSCH power control adjustment state f b,f.c ( L l) for active ULBWP ! of carrier [ of

serving cell €  in PUSCH transmission occasion |

5PUSCH,b,f yc(l’l) is a TPC 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 ofcarrier [ of serving cell ¢ or
jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNT]I,
as described in Subclause 11.3

\ | —
€01 the UE is configured with twoPUSCH-PC-AdjustmentStates and I'=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

0 1!
- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of [€0,1
provided to the UE by powerControlLoopToUse
- 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 I value(s) provided by sri-PUSCH-ClosedLoopIndex.
If the PUSCH transmission is scheduled by a DCI format 0_1 and if DCI format 0_1 includes a SRI

field, the UE determines the I value that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not
include a SRI field, or if a SRI-PUSCH-PowerControl 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-
RNTIL the l value is provided by the closed loop indicator field in DCI format 2_2

C(DJ-1

Fore(Bl)=fyp =i+ 2 Suscnppelml) | |
m=0 is the PUSCH power control adjustment state for

active ULBWP b of carrier [ of serving cell ¢ and PUSCH transmission occasion [ if the UE
is not provided tpc-Accumulation, where
)

- The “PUSCHDb.fc values are given in Table 7.1.1-1

c(p-1
Z 6PUSCH,b,f,c(m’I)
m=0

cip|

is a sum of TPC command values in a set b, of TPC command values with
-1 symbols before PUSCH

. . i—i i - . '
transmission occasion 0 and KPUSCH(I) symbols before PUSCH transmission occasion [ on

cardinality that the UE receives between K PUSCH(i—iO)

active ULBWP ! of carrier [ of serving cell ¢ for PUSCH power control adjustment state
I , where ip>0 is the smallest integer for which Kpusculi=io) symbols before PUSCH

transmission occasion '~ '0 s earlier than KPUSCH(I) symbols before PUSCH transmission

occasion |

- If a PUSCH transmission is scheduled by a DCI format 0_0 or DCI format 0_1, KPUSCH(i ) is a number
of symbols for active UL BWP b of carrier [ of serving cell € after a last symbol of a
corresponding PDCCH reception and before a first symbol of the PUSCH transmission

- If a PUSCH transmission is configured by ConfiguredGrantConfig, KPUSCH(i) is a number of

slot
KPUSCH,HHH symbols equal to the product of a number of symbols per slot, Nsymb , and the minimum
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of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier [ of
serving cell ¢

- If the UE has reached maximum power for active UL BWP b ofcarrier [ of serving cell ¢ at
c(p,|-1

; § m,l)=0 C ..

L mz=:o PUSCH’b’f’C( ) , then fb,f,c(l’I)_fb,f,c(l_lml)

PUSCH transmission occasion 0 and

- If UE has reached minimum power for active UL BWP b of carrier [ of serving cell ¢ at
C[Di:\fl

—i ZO Spuscip,f,c(ms1)<0

PUSCH transmission occasion 0 and , then
fb,f,c(i’l):fb,f,c(i_io’l)
- A UE resets accumulation of a PUSCH power control adjustment state I' for active ULBWP b of

carrier [ of serving cell ¢ to fbyfjf (O’I ):0
- If a configuration for a corresponding PO_UE_PUSCHH e (J ) value is provided by higher layers

- If a configuration for a corresponding g JC(J ) value is provided by higher layers

- If J >1 and the PUSCH transmission is scheduled by a DCI format 0_1 that includes a SRI field, and
the UE is provided higher SRI-PUSCH-PowerControl, the UE determines the value of I from the
value of | based on an indication by the SRI field for a sri-PUSCH-PowerControlld value associated
with the sri-PO-PUSCH-AlphaSetId value corresponding to ] and with the sri-PUSCH-

l

ClosedLoopIndex value corresponding to

- If j>1 and the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that
does not include a SRI field or the UE is not provided SRI-PUSCH-PowerControl, [=0

- J7L , I is provided by the value of powerControlLoopToUse

o f b,f yf(l’ l):(SPUSCHyb:f € (l ) l) is the PUSCH power control adjustment state for active UL BWP 1  of

carrier [ of serving cell ¢ and PUSCH transmission occasion ! if the UE is provided tpc-
Accumulation, where
)

- PUSCH,b,f,c  absolute values are given in Table 7.1.1-1

- If the UE receives a random access response message in response to a PRACH transmission on active UL

BWP b ofcarrier [ of serving cell ¢ as desctibed in subcaluse 8

fb,f,C(O,l):AP +6

rampup ,b,f,c " “msg2,b,f,c , where l:0 and

)

- msg2,b,f,c  is a TPC command value indicated in the random access response grant of the random
access response message corresponding to the PRACH transmission on active UL BWP b of

carrier [ inthe serving cell ¢ , and

as € - St
e PP e (B sy s R e ST B R

E

AP

and rampuprequested,b,f,c s provided by higher layers and corresponds to the total power ramp-up
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requested by higher layers from the first to the last random access preamble for carrier [ inthe
PUSCH

serving cell ¢ | M RB,b,f VC(O) is the bandwidth of the PUSCH resource assignment expressed in

number of resource blocks for the first PUSCH transmission on active UL BWP 0  of carrier [

c , and ATF,b,f,C(O)

of serving cell is the power adjustment of first PUSCH transmission on active

ULBWP ! ofcarrier [ of serving cell ¢

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

6PUSCH,b,f,c values or 5SRS,b,f,c values
TP d 0 0 0 1)
C Comman Accumulated “PUSCHb. f.c op OSRSbf.c Absolute “PUSCHb.f.e op OSRS,b.f.c
Field [dB] [dB]
0 -1 -4
1 0 -1
2 1 1
3 3 4

7.2 Physical uplink control channel

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

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

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

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

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

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

7.2.1 UE behaviour

If a UE transmits a PUCCH on active ULBWP ! of carrier [ in the primary cell ¢ using PUCCH power

control adjustment state with index | , the UE determines the PUCCH transmission power PPUCCH,b,f :C(l’qu’qd’l)

in PUCCH transmission occasion ! as

PPUCCII,I),f,c(i:qu)qd’l):min
Pevax.r.e(i)s ‘
Po pucenn.r.e(@,)+ 1010810(2F'M§gis1f],c(i))"'PLb,f,c(qd)+A1—;PUC(:H<F)+A'u-',b,f,c(i)+gb,f,c(i’I)
FAPAPR B YA

[dBm]

where

- PCMAX, fyc(i) is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for

carrier [ of serving cell ¢ in PUCCH transmission occasion !

- P O_PUCCH,b,f ,C(qu) is a parameter composed of the sum of a component PQNOMINALJUCCH , provided by p0-
=0

nominal, or ~ O_NOMINAL_PUCCH dBm if p0-nominal is not provided, for carrier fof primary cell ¢
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and, if provided, a component P OfUEJ’UCCH(qu) provided by p0-PUCCH-Value in PO-PUCCH for active UL

BWP ! ofcarmrier [ of primary cell ¢ , where 0=q,<Q, . Q is a size for a set of
PO_UE_PUCCH values provided by maxNrofPUCCH-PO-PerSet. The set of Po _ue_puccn values is provided by

= <
pO0-Set. If p0-Set is not provided to the UE, PO_UE_PUCCH(qU) 0 , 0 =4, <Qu

- If the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-
PUCCH-Id, between a set of pucch-SpatialRelationInfold values and a set of p0-PUCCH-Value values. If the
UE is provided more than one values for pucch-SpatialRelationInfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfold, the UE determines the p0-
PUCCH-Value value through the link to a corresponding p0-PUCCH-Id index. The UE applies the activation
command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the
activation command

- If the UE is not provided PUCCH-SpatialRelationInfo, the UE obtains the p0-PUCCH-Value value from the
P0O-PUCCH with p0-PUCCH-Id value equal to 0 in p0-Set

PUCCH
- MRB,b,f yC( l) is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion | onactive ULBWP ! of carrier [ of servingcell ¢ and H is
a SCS configuration defined in [4, TS 38.211]

- PL, ¢ ,c( %) is a downlink pathloss estimate in dB calculated by the UE using RS resource index 9 as

described in Subclause 7.1.1 for the active DL BWP of carrier [  of the primary cell ¢ as described in
Subcluase 12

- If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer

parameters, the UE calculates P Lb;f ;C( qd) using a RS resource obtained from the SS/PBCH block that the
UE uses to obtain MIB

- If the UE is provided a number of RS resource indexes, the UE calculates P Lb,f,C< Qd) using RS resource

with index  dd , where 0<q,<Qq . Q is a size for a set of RS resources provided by
maxNrofPUCCH-PathlossReferenceRSs. The set of RS resources is provided by pathlossReferenceRSs. 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-PathlossReferenceRS 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-PathlossReferenceRS-Id in PUCCH-PathlossReferenceRS

- If the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by indexes provided by
corresponding values of pucch-PathlossReferenceRS-1d, between a set of pucch-SpatialRelationInfold values
and a set of referencesignal values provided by PUCCH-PathlossReferenceRS. If the UE is provided more
than one values for pucch-SpatialRelationInfold and the UE receives an activation command [11, TS 38.321]
indicating a value of pucch-SpatialRelationInfold, the UE determines the referencesignal value in PUCCH-
PathlossReferenceRS through the link to a corresponding pucch-PathlossReferenceRS-Id index. The UE
applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the
PDSCH providing the activation command

- If PUCCH-SpatialRelationInfo includes servingCellld indicating a serving cell, the UE receives the RS for
resource index ¢ on the active DL BWP of the serving cell

- If the UE is not provided PUCCH-SpatialRelationInfo, the UE obtains the referencesignal value in PUCCH-
PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS
where the RS resource is either on a same serving cell or, if provided, on a serving cell indicated by a
value of pathlossReferencelLinking
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- The parameter AFJUCCH(F ) is provided by deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for
PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-{3 for PUCCH format 3, and
deltaF-PUCCH-f4 for PUCCH format 4

- ATF:b:fyC(l) is a PUCCH transmission power adjustment component on active UL BWP b of carrier [
of primary cell ¢
- For a PUCCH transmission using PUCCH format 0 or PUCCH format 1,
PUCCH
N\ ref .
ATF,b,f,c(l)_l()lOglO PUCCH ;) +Ayq i)

i
symb where

PUCCH .

Nsymb (l) is a number of PUCCH format 0 symbols or PUCCH format 1 symbols included 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-format0 or in PUCCH-
format1 respectively

PUCCH _
- N ref =2

for PUCCH format 0
PUCCH _ psslot

R N ref _Nsymb for PUCCH format 1

- AUCI( ! ) =0 for PUCCH format 0

- AUCI( i) = 1010g10(OUC1(i)] for PUCCH format 1, where OUCI(i) is a number of UCI bits in PUCCH

transmission occasion !

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

ATF,b,f,c(i):1010g10(K1'(”HARQ-ACK(i)+OSR(i)+OCSI(i))/NRE(i)) . where

K,=6
- MHARQ-ACK ( l) is a number 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,

Myargack (I)=1 ¢ the UE includes a HARQ-ACK information bit in the PUCCH transmission;

otherwise, MHARQ-ACK ( ! ): 0
- Oga 1 is a number of SR information bits that the UE determines as described in Subclause 9.2.5.1

- OCSl(i) is a number of CSI information bits that the UE determines as described in Subclause

9.2.5.2
) _ 2 PUCCH RB (.\ nPUCCH
- NRE(I) is a number of resource elements determined as NRE(’)_MRB,b,f,C(l) Nsc,clrl(l) Nsymb-UCLbfyC(l)
RB (.
where N Swﬂ(l) is a number of subcarriers per resource block excluding subcarriers used for DM-RS

PUCCH
transmission, and ~ * symb>-UCLb,f :C(l) is a number 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 ofcarrier [ of serving cell ¢

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a

Ay, o li)=1010g, | 2™

number of UCI bits larger than 11, ~TF.b.fc , where
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K,=2.4

- 2

BPRE (i )= (OACK( )+OSR(i)+OCSI(i)+OCRC(i))/NRE(i)

OACK( i) is a number 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, Pack=1 if the UE

0,=0

includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, ACK™

- OSR(i) is a number of SR information bits that the UE determines as described in Subclause 9.2.5.1
- OCSI(i) is a number of CSI information bits that the UE determines as described in Subclause 9.2.5.2
- OCRC(i ) is a number of CRC bits that the UE determines as described in Subclause 9.2.5

N RE(i) is a number of resource elements that the UE determines as
PUCCH (.| n/RB (.| APUCCH . RB /.
NRE(I) MRBbfc( )N (l)'Nsymb-UCIbfc(l) N i)

sectrl secul is a number of subcarriers per resource
pPucer (1)
block excluding subcarriers used for DM-RS transmission, and * symb-UCLb,f,c is a number of symbols

excluding symbols used for DM-RS transmission, as defined in Subclause 9.2.5.2, for PUCCH

, where

transmission occasion | onactive ULBWP ! of carrier [ of serving cell ¢

- For the PUCCH power control adjustment state 9b.f ,C( l ’l) for active ULBWP D of carrier [ of

primary cell ¢ and PUCCH transmission occasion |

5PUCCH,b,f ,C <1 ’l) is a TPC command value and is included in a DCI format 1_0 or DCI format 1_1 for
active ULBWP b of carrier [ of the primary cell ¢ that the UE detects for PUCCH transmission

occasion | oris jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by
TPC-PUCCH-RNTI [5, TS 36.212], as described in Subclause 11.3

[ |
1€/0,1 if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and
I'=0 if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo

- If the UE obtains a TPC command value from a DCI format 1_0 or a DCI format 1_1 and if the UE is
provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-
Id, between a set of pucch-SpatialRelationInfold values and a set of values for closedLoopIndex that

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

[

SpatialRelationInfold, the UE determines the value closedLoopIndex that provides the value of
through the link to a corresponding p0-PUCCH-Id index

- If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-
RNTIL the l value is provided by the closed loop indicator field in DCI format 2_2

C(C|-

gb,f,c(i’l) gbfc ~ip, 1) Z PUCCH, b,f,c (m,1) ) )
m=0 is the current PUCCH power control adjustment state
I foractive ULBWP 0 of carrier [ of serving cell ¢ and PUCCH transmission occasion !
where

b

- The “PUCCHDb.f,c wvalues are given in Table 7.1.2-1
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clg)-1

Z 6PUCCH,b,f,c(m’l) ) ) C .
m=0 is a sum of TPC command values in a set i of TPC command values with

cardinality ClC that the UE receives between  Kpucch ( i_iO)_l symbols before PUCCH

A . i—i i o ] .
transmission occasion 0 and KPUCCH(I) symbols before PUCCH transmission occasion ! on

active ULBWP b of carrier [ of serving cell ¢ for PUCCH power control adjustment state,

i.>0

0 is the smallest integer for which Kpucon(i=io) symbols before PUCCH transmission

where

occasion '~ !0 is earlier than KPUCCH(I) symbols before PUCCH transmission occasion !

If the PUCCH transmission is in response to a detection by the UE of a DCI format 1_0 or DCI format

1.1, Kpucculi) is a number of symbols for active UL BWP b of carrier [ of serving cell ¢
after a last symbol of a corresponding PDCCH reception and before a first 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, Kpucen i is a number of Kyycommin symbols equal to the product of a number of
slot

symbols per slot, ~%m  and the minimum of the values provided by k2 in PUSCH-ConfigCommon for

active ULBWP 0 of carrier [ of serving cell ¢

If the UE has reached maximum power for active UL BWP b of carrier [ of primary cell ¢ at
clg)-1

i—i 2 5PUCCH,b,f,¢<m)I)ZO

PUCCH transmission occasion 0 and m=0 , then

gb,f,c(i’l> gbfc( 10’1)

If UE has reached minimum power for active UL BWP b of carrier [ of primary cell ¢ at
clg)-1

—j Z 6PUCCH,b,f,c(m’I)SO

PUCCH transmission occasion 0 and m=o0 , then gbfc(l I) gbfc( 10’l>

If a configuration of a P O_PUCCH,b,f ,C(qu) value for a corresponding PUCCH power control adjustment

state | foractive ULBWP D of carrier [ of serving cell ¢ is provided by higher layers,

gb,f,c(OJ”:O

If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of l from the
value of q, based on a pucch-SpatialRelationInfold value associated with the p0-PUCCH-Id value

corresponding to 4y and with the closedLoopIndex value corresponding to l ; otherwise,

[=0

Else,

Gn1.e O D)= AP 0+ By e ,where [=0  and 5’”  is the TPC command value indicated in a

random access response grant Corresponding to a PRACH transmission or is the TPC command value
in a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTT that the UE detects in a first
PDCCH reception in a search space set provided by recoverySearchSpaceld if the PUCCH
transmission is a first PUCCH transmission after 28 symbols from a last symbol of the first PDCCH

reception, and, if the UE transmits PUCCH on active UL BWP b ofcarrier [ of serving cell
c

mmpupbfc %CMAXfC o PUCCHbfc+PLbfc(qd)+AF PUCCH(F)+ATbeC+5bfc)
rai

mpuprequested ,b, f ,c
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otherwise,

TTsT T T where AP rampuprequested, b, f ,c
is 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 ofcarrier [ of primary cell ¢
A IF|

F_PUCCH

and corresponds to PUCCH format 0 or PUCCH format 1

Table 7.2.1-1: Mapping of TPC Command Field in DCI format 1_0 or DCI format 1_1 or DCI format 2_2

with CRC scrambled by TPC-PUCCH-RNTI to accumulated 6PUCCH,b,f,C values

TPC C_ommand Accumulated (SPUCCH,b,f,C
Field [dB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS, a UE splits a linear value PSRS,b,fyc(l’qs’l) of the transmit power PSRS,b,f,C“’qS’I) on active UL BWP

b ofcarrier [ of serving cell ¢ equally across the configured antenna ports for SRS.
7.3.1  UE behaviour

If a UE transmits SRS on active ULBWP D of carrier [ of serving cell ¢ using SRS power control
adjustment state with index l , the UE determines the SRS transmission power PSRS,b,f ,C(i’qs X in SRS
transmission occasion | as
Psrs.p.re(i.qs,1)=min
Pyax,r,e(i),

POfSRS,I)‘f‘c(qs)-'-lO IOglo(ZH‘MSRs,b,f,c(i) )"'C"SRs,b,f,c(qs)'PLb,f,c(qd)"'hb,f,c(ixl)
FATARA ST [dBm]

where,

- PCMAX, f ,C(l) is the configured UE transmit power defined in [8, TS 38.101-1] and [8-2, TS38.101-2] for

carrier [ of serving cell € in SRS transmission occasion !

- P O_SRS, b, f ,C(qs) is provided by p0 for active UL BWP b of carrier [ of serving cell ¢ and SRS

resource set aq provided by SRS-ResourceSet and SRS-ResourceSetId; if p0 is not provided,
Py srs b f.c ( qs) =P NomNAL pUSCH ¢ (0 )

- MSRSbef i€ (l) is a SRS bandwidth expressed in number of resource blocks for SRS transmission occasion

[ onactive ULBWP D of carrier [ of servingcell ¢ and H isa SCS configuration defined in
[4, TS 38.211]

®srs,bf e (QS) is provided by alpha for active ULBWP b of carrier | of servingcell ¢ and SRS
aq

resource set
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PLbe ,C ( qd) is a downlink pathloss estimate in dB calculated by the UE using RS resource index Q4 as
described in Subclause 7.1.1 for the active DL BWP of serving cell ¢ and SRS resource set qs [6, TS
38.214]. The RS resource index qd is provided by pathlossReferenceRS associated with the SRS resource set

qs and is 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 PLy ¢ ,C( qd) using a RS resource obtained from the SS/PBCH block that the
UE uses to obtain MIB

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

- For the SRS power control adjustment state for active UL BWP b of carrier [ of serving cell ¢ and

SRS transmission occasion |

— , ( i 1)
hb,fyc(l )= fb,f,c(l’ l) , where fb,f,c ! is the current PUSCH power control adjustment state as
described in Subclause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control
adjustment state for SRS transmissions and PUSCH transmissions; or

cls)-1

hb,f,c( ) bfc z 6SRSbfc . . . .. .
- if the UE is not configured for PUSCH transmissions on active UL

BWP D ofcarrier [ of serving cell ¢ , or if srs-PowerControlAdjustmentStates indicates separate
power control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-
Accumulation is not provided, where

- The SRSHf,C values are given in Table 7.1.1-1

m
- 6SRS,b,f ;C( ) is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as
described in Subclause 11.4

C[s;|-

Z SRSbfc

- m=0 is a sum of TPC command values in a set Si of TPC command values with

cardinality C(Si ) that the UE receives between KSRs(i_iU)_l symbols before SRS transmission

occasion i1, and KSRS“) symbols before SRS transmission occasion i on active UL BWP
b of carrier [ of serving cell ¢ for SRS power control adjustment state, where >0 is the

smallest integer for which KSRs(i_io) symbols before SRS transmission occasion i~y is earlier

than KSRS(’) symbols before SRS transmission occasion |

- if the SRS transmission is aperiodic, KSRS(i) is a number of symbols for active UL BWP b of

carrier | of serving cell ¢ after a last symbol of a corresponding PDCCH triggering the SRS
transmission and before a first symbol of the SRS transmission

- if the SRS transmission is semi-persistent or periodic, KSRS(I) is a number of KSRS,min symbols
slot
equal to the product of a number of symbols per slot, Neym , and the minimum of the values provided

by k2 in PUSCH-ConfigCommon for active UL BWP b ofcarrier [ of serving cell ¢
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- If the UE has reached maximum power for active UL BWP b of carrier | of serving cell ¢ at
cls-1

: ) m)=0 . .

1 mZ::o s , then hb,f,c(l):hb,f,c(l_lo)

SRS transmission occasion 0 and

- If UE has reached minimum power for active UL BWP b of carrier [ of serving cell ¢ at SRS
C[s -1

_: D gy (m)=0 N o
transmission occasion b and =0 SSbfe , then hb,f,c(l)_hb,f,c(l lo)

- If a configuration for a Po_srs,b.f yc(qS) value or fora %sRS,b.f ,C(qs) value for a corresponding SRS

power control adjustment state I foractive ULBWP D of carrier [ of serving cell ¢ is
provided by higher layers

hb,f,c(o):O
- Else

hb,f!C(O):AP +§

rampup, b, f,c” ~msg2,b,f,c

where

0

to the random access preamble that the UE transmitted on active UL BWP b of carrier [ of

msg2,b,f,¢  is the TPC command value indicated in the random access response grant corresponding

the serving cell ¢ | and

FTeina < r e (72 cis o e Cez D100 e CFdd) ey Cea DT, o Cer, D)

where ap rampuprequested,b,f,c is 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 |

of serving cell ¢

h . li]= i
b.f ’C( ) 5SRS,b,f ’C( ) if the UE is not configured for PUSCH transmissions on active UL BWP b of

carrier | of serving cell € | or if srs-PowerControlAdjustmentStates indicates separate power control
adjustment states between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided,

and the UE detects a DCI format 2_3 K SRS,min  symbols before a first symbol of SRS transmission

occasion | , where absolute values of SSRS,b,f .c  are provided in Table 7.1.1-1

- if srs-PowerControlAdjustmentStates 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

I occurs at the beginning of each SRS resource in the SRS resource set 95 ; 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 qs
7.4 Physical random access channel

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

BWP ! ofcarrier [ of serving cell ¢ based on DL RS for serving cell ¢ in transmission occasion ! as
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R . |
PPRACH,b,f,c(l)_mln\PCMAX,f,c(l)’ PPRACH,target,ﬁc'I'PLb,f,c} [dBm],

where P CMAX,)‘,C“ ) is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for

carrier [ of serving cell ¢  within transmission occasion | PPRACHJarget,f,f is the PRACH target reception
power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP

PL

b ofcarrier [ of serving cell ¢ ,and b.f.c is a pathloss for the active UL BWP b of carrier [

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

determines PLb,f ¢ based on the SS/PBCH block associated with the PRACH transmission.

If a PRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or is in response to
a detection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with

a link recovery procedure where a corresponding index %ew s associated with a SS/PBCH block, as described in
Subclause 6, referenceSignalPower is provided by ss-PBCH-BlockPower.

If a PRACH transmission from a UE is in response to a detection of a PDCCH order by the UE that triggers a non-
contention based 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, referenceSignalPower 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 a link

recovery procedure where a corresponding index Ghew  is associated with a periodic CSI-RS configuration as
described in Subclause 6, referenceSignalPower is obtained by ss-PBCH-BlockPower and powerControlOffsetSS where
powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power
[6, TS 38.214]. If powerControlOffsetSS is 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 powerControlOffsetSS.

If within a random 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, as described in [11, TS 38.321].

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 allocation in EN-DC operation as described in Subclause 7.6.1, the UE does not transmit a PRACH in a
transmission 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 operation as described in Subclause 7.6.1, 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 a total UE transmit power

for a PUSCH or PUCCH or PRACH or SRS transmission in a respective transmission occasio I would exceed

P CMAX( ) , where P CMAX( ) is the linear value of P CMAX(i) in transmission occasion ! as defined in [8-1, TS
38.101-1] and [8-2, TS38.101-2], 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 is smaller than or equal to

1

1

P CMAx(l) in every symbol of transmission occasion ! . When determining a total transmit power in a symbol of
transmission occasion | , the UE does not include power for transmissions starting after the symbol of transmission
occasion | . The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE

transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot.

-  PRACH transmission on the PCell
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- PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK
information

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

- SRS transmission, 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 and prioritizes power
allocation for transmissions on the PCell over transmissions on the PSCell. 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 a UE is configured with a MCG 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
Prg for transmissions in FR1 on the SCG by p-NR. The UE determines a transmission power for the MCG as
described in [13, TS 36.213] using PLTE as the maximum transmission power. The UE determines transmission

power for the SCG in FR1 as described Subclauses 7.1 through 7.5 using Py as the maximum transmission power

for PCMAX <P

7.5.

MR The UE determines transmission power for the SCG in FR2 as described Subclauses 7.1 through

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 is included in an EN-DC configuration.

SEN-DC - A

If a UE is configured with p LTE+P NR> Proul , where Pire s the linear value of Py P
~EN-DC

value of P , and Proal” s the linear value of a configured 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.

W is the linear

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [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 a slot on the SCG in FR1 when a corresponding subframe on the MCG is
an 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 "' of the MCG overlap in time with UE transmission(s) in slot b of
the SCG in FR1, and

EN-DC

e Pucolii[fPscol PP’y any portion of slot '

2 of the SCG,

the UE reduces transmission power in any portion of slot h o of the SCG so that

EN-DC .
Pucslit[+Pscali2|<Proal ip any portion of slot b where Pyl and Pycqlin) are the linear
values of the total UE transmission powers in subframe "' of the MCG and inslot 7 of the SCG in FR1,
respectively. The UE is not required to transmit in any portion of slot h of the SCG if Pyl 121 would

. s [1 J+P [1 ]<PENDC s
need to be reduced by more than the value provided by Xscarr in order for Puce SCG\2)=" Toal  in

any portion of slot % of the SCG. The UE is required to transmit in slot b of the SCG if SCG[I
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would not need to be reduced by more than the value provided by Xscars in order for
EN-DC
i

P me|iy '+P SCG('2]<P Tl in all portions of slot 7 .

- 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-r15 in [13,
TS 36.213]).

7.6.1A NE-DC

If a UE is configured with a MCG using NR radio access and with a SCG using E-UTRA radio access, the UE is

configured a maximum power Py for transmissions in FR1 on the MCG by p-NR and a maximum power Pirg
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 P as the maximum transmission power for Powax =P . 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 Pirg as the maximum transmission power.

If at least one symbol of slot 't of the MCG that is indicated as uplink or flexible by TDD-UL-DL-

ConfigurationCommon or TDD-UL-DL-ConfigDedicated overlaps with subframe Y of the SCG
- for subframe
p

2, the UE determines a transmission power for the SCG as described in [13, TS 36.213] using

LTE  as the maximum transmission power

otherwise

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

P

5 NE-DC B 5
If a UE is configured with Bire + P > P , where Pite s the linear value of  *LTE , Pxr s the linear

P PNEDC . . . .. .
value of “NR and “Teal s the 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

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [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 a slot on the MCG in FR1 when a corresponding subframe on the SCG is
an 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 slot ' of the MCG in FR1 overlap in time with UE transmission(s) in
subframe 2 of the SCG, and

. . p NE-DC .
- if Buco (1) + Peg (1) > Pro in any portion of slot ' of the MCG,
the UE reduces transmission power in any portion of slot "' of the MCG so that
D 5 NE-DC , A A
Puca [h) + PSCG (L,) @Fr in all portions of slot ', where Pucllil and  Psclh|  are the linear values
of the total UE transmission powers in slot I of the MCG in FR1 and in subframe ? 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-r15 in [13,
TS 36.213]).
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7.6.2 NN-DC

If a UE is configured with a MCG using NR radio access in FR1 or in FR2 and with a SCG using NR radio access in
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 is valid for

PUSCH transmission occasion | on active ULBWP P of carrier [ of serving cell ¢ . A Type 3 UE power
headroom PH that is valid for SRS transmission occasion | onactive ULBWP D of carrier [ of serving
cell ¢

A UE determines whether a power headroom report for an activated serving cell [11, TS 38.321] is based on an actual
transmission or a reference format based on the 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 a transport block since a power headroom report was triggered.

If a UE

- is configured with two UL carriers for a serving cell, and

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

- provides the 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

If a UE is configured with a SCG and if phr-ModeOtherCG 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 refers to
serving cell belonging to the MCG.

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

If the UE is configured with a PUCCH-SCell,

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

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

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 [ of serving cell

¢, the UE computes the Type 1 power headroom report as
PH, 153000 = P g (1= P puscup ol #1008, 22 Mt (i) )4ty (1P, Qb o i, (00D
[dB]
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P (i) . PUSCH .
where ~ MY Po,PUSCH,b,f,cm i MRB,b,f,c(l)

are defined in Subclause 7.1.1.

ab,f,c(j) , PLb,f,c(qd) , ATF,b,f,c<i) and fb,f,c(i’l)

If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration Hi on active UL

b

BWP "1  of carrier f, of serving cell € is smaller than a SCS configuration 2 on active UL BWP

b

2 of carrier fy of serving cell € , and if the UE provides a Type 1 power headroom report in a PUSCH

transmission in a slot on active UL BWP b, that overlaps with multiple slots 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 a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type
1 power headroom report in a first PUSCH transmission that includes an initial transmission of transport block on active

b b

ULBWP ~1  of carrier fi of serving cell “ , a second PUSCH transmission on active UL BWP ~2  of

carrier fy of serving cell . that overlaps with the first PUSCH transmission if

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

- the second PDCCH monitoring occasion is after a first 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

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 serving cell
€, the UE computes the Type 1 power headroom report as

Pthpel,b,f,c(i:j!qd’ l):T)CMAX,f,c(i)_}: PO_PUSCH,b,f,C( j)+ab,f,c(j)'PLb,f,c(Qd)'l'fb,f,c(iJ I)J [dB]

~

P i
where CMAX,f,C( ) is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. AT = 0 dB. MPR, A-MPR, P-

MPR and AT¢ are defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2]. The remaining parameters are defined in
Subclause 7.1.1 where POfPUSCH,b,f ,C(] ) and %bf ,C(] ) are obtained using Po nowmar_ PUSCH,f,C(O) and p0-
PUSCH-AlphaSetld = 0, PLb:f :C( Q4 ) is obtained using PathlossReferenceRS-Id = 0, and [=0

If a UE is configured with two UL carriers for a serving cell and the UE determines a Type 1 power headroom report for
the serving cell based on a reference PUSCH transmission, the UE computes a Type 1 power headroom report for the
serving cell assuming a reference 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-Config is not
provided to the UE for any of the two 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.

7.7.2 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 ! on active UL BWP b of carrier f of serving cell ¢

and if the UE is not configured for PUSCH transmissions on carrier f of serving cell € | the UE computes a
Type 3 power headroom report as
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o | . N
Pthpe3,b,f,c(l’qs>_PCMAX,f,c(l - { Po_SRs,b,f,c(qs)+1010g1o(2y'M5Rs,b,f,c(1))"'O(SRs,b,f,c(qs)'PLb,f,c(qd)+hb,f,c(’ ) |

[dB]
p il . .
wrere 700 R da) | M) St 6l P da) g herli) o
defined in Subclause 7.3.1.

If the UE determines that a Type 3 power headroom report for an activated serving cell is based on a reference SRS
transmission then, for SRS transmission occasion | on UL BWP b of carrier f of serving cell € ,and if

the UE is not configured for PUSCH transmissions on UL BWP b of carrier f of serving cell € ,the UE
computes a Type 3 power headroom report as
Lo O N
PthpeS,b,f,c(l!qs>_PCMAX,f,c i )_‘\ Po_SRs,b,f,c(qs)+0(5Rs,b,f,c<qs)'PLb,f,c(Qd)+hb,f,c(l)j [dB]

where s is a SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b and PO_SRS;byf yC(qS)

Usks, :C(qs ) , PLb:f :C( Qa ) and hbyf ,C(l) are defined in Subclause 7.3.1 with corresponding values obtained

~

from SRS-ResourceSetld = 0 for ULBWP b PCMAX:f € (l) is computed assuming MPR=0 dB, A-MPR=0 dB,
P-MPR=0 dB and AT =0 dB. MPR, A-MPR, P-MPR and AT are defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2].

If a UE 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 a reference 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 the two UL carriers, the UE computes a Type 3 power headroom report for the serving
cell assuming a reference 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 shifts in the PRACH preamble sequence set

N
(index to logical root sequence table, cyclic shift ( = CS ), and set type (unrestricted, restricted set A, or
restricted set B)).

From the physical layer perspective, the L1 random access procedure includes the transmission of random access
preamble (Msgl) in a PRACH, 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 a random access procedure is initiated by a PDCCH order to the UE, a PRACH transmission is with a same SCS as a
PRACH transmission initiated by higher layers.

If a UE is configured with two UL carriers for a serving cell and the UE detects a PDCCH order, the UE uses the
UL/SUL indicator field value from the detected PDCCH order to determine the UL carrier for the 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].

3GPP



Release 15 36 3GPP TS 38.213 V15.4.0 (2018-12)

- A preamble index, a preamble SCS, PPRACH,I&FgEI , a corresponding RA-RNTI, and a PRACH resource.

A PRACH is transmitted using the selected PRACH format with transmission power P PRACH,b, f ,C( l) ,as described in
Subclause 7.4, on the indicated PRACH resource.

A UE is provided a number N of SS/PBCH blocks associated with one PRACH occasion and a number R of
contention based preambles per SS/PBCH block per valid PRACH occasion by ssb-perRACH-OccasionAndCB-

PreamblesPerSSB.1f  N<l  one SS/PBCH block is mapped to 1/N consecutive valid PRACH occasions and

R contention based preambles with consecutive indexes associated with SS/PBCH block 11, O<n<N-1
per valid PRACH occasion start from preamble index 0. If N>1 , R contention based preambles with

consecutive indexes associated with SS/PBCH block | 0<n<N-1 , per valid PRACH occasion start from

total
n-N ota 1e/N Ntotal

preamble index preamb where “'preamble  js provided by totalNumberOfRA-Preambles and is an integer
multiple of N

For link recovery, a UE is provided N $S/PBCH blocks associated with one PRACH occasion by ssb-perRACH-

Occasion in BeamFailureRecoveryConfig. If N<1 , one SS/PBCH block is mapped to N consecutive valid
PRACH occasions. If N1 , all consecutive N SS/PBCH blocks are associated with one PRACH occasion.

SS/PBCH block indexes are mapped to valid PRACH occasions in the following order where the parameters are
described in [4, TS 38.211].

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

Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
- Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
- Fourth, in increasing 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

NSSB
Tx  SS/PBCH blocks are

$SB
mapped at least once to the PRACH occasions within the association period, where a UE obtains T from the
value of ssb-PositionsInBurst in SystemInformationBlockTypel and/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
$SB

occasions that are not mapped to Nry 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 SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions.

in the set determined by the PRACH configuration period according Table 8.1-1 such that

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. 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 occasions is

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

- Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH
slot

- Third, in increasing order of indexes for PRACH slots
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For a PRACH transmission triggered upon request by higher layers, a value of ra-OccasionList [12, TS 38.331], if the
value of the random access preamble index field is not zero, indicates a list of PRACH occasions for the PRACH
transmission where the PRACH occasions are associated with a 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/IPBCH block to PRACH occasion
association period

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

For paired spectrum all PRACH occasions are valid. For unpaired spectrum, if a UE is not provided TDD-UL-DL-
ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the

PRACH slot and starts at least Ngap symbols after a last SS/PBCH block reception symbol, where Ngap is
provided in Table 8.1-2.

If a UE is provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if

- it is within UL symbols, or

- it does not precede a SS/PBCH block in the PRACH slot and starts at least Ngap symbols after a last

downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol, where Ngap
is provided in Table 8.1-2.

N, =0
For preamble format B4 [4, TS 38.211], = &% .

Table 8.1-2: N @ values for different preamble SCS H

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

If a random access procedure is initiated 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 a time between the last symbol of the
PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to

Np,+A +A

Delay  msec, where NT,Z is a time duration of N, symbols corresponding to a PUSCH

preparation time for UE processing capability 1 [6, TS 38.214], ABWPSWilChng_O if the active UL BWP does not

0.5

BWPSwitching

Agupsuicch -
change and "~ BWPSwitching  is defined in [10, TS 38.133] otherwise, and ADelﬂy msec for FR1 and

A, =0.25

Delay msec for FR2. For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines N,

assuming SCS configuration p=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

transmission in a first slot is separated by less than N symbols from the last or first symbol, respectively, of a
PUSCH/PUCCH/SRS transmission in a second slot where N=2  for H=0 o p=1 . N=4 for H=2 o
p=3 ,and H isthe SCS configuration for the active UL BWP.
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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 a window 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
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 slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-
ResponseWindow.

If the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTT 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 a random access preamble identity (RAPID) associated with the PRACH transmission. If the
higher layers identify the RAPID in RAR message(s) of the transport block, the higher layers indicate an uplink grant to
the physical layer. This is referred 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

Np +0.75

PRACH no later than msec after the last symbol of the window, or the last symbol of the PDSCH

reception, where NTJ is a time duration of N, symbols corresponding to a PDSCH reception time for UE
processing capability 1 when additional PDSCH DM-RS is configured.

If the UE detects a DCI format 1_0 with CRC scrambled by the corresponding RA-RNTT 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], as for 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-RNTT in response to a PRACH transmission initiated by a PDCCH order that triggers a non-
contention based random access procedure, 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.

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 given in Table 8.2-1.

If the value of the frequency hopping flag is 0, 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 6m592,b}f ¢ is used for setting the power of the PUSCH transmission, as described in
Subclause 7.1.1, and is interpreted according to Table 8.2-2.

In a non-contention based random access procedure, the CSI request field in the RAR UL grant indicates whether or not
the UE includes an aperiodic CSI report in the corresponding PUSCH transmission according to [6, TS 38.214]. In a
contention based random access procedure, the CSI 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
CSl request 1
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Table 8.2-2: TPC Command 5mqu,b,f,c for PUSCH

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

Unless the 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 procedure is 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 is indicated by higher layers. For determining the frequency domain resource allocation for the PUSCH
transmission within the active UL BWP

- if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP
includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is 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 RBs in the initial UL BWP

The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP
size
sizeof “BWP  RBs, a UE processes the frequency domain resource assignment field as follows

o N, <180

: . o [log,| N (N 112
- truncate the frequency domain resource assignment field to its [og, | N ( BWP ) | least
significant bits and interpret the truncated frequency resource assignment field as for the frequency resource

assignment field in DCI format 0_0 as described in [5, TS 38.212]

- else
, log,| NS [N3Z +1]/2|]-14 o o N .
- insert [ ng( BwWP ( BwWP ) )] most significant bits with value set to '0" after the ULl bits to
N =
the frequency domain resource assignment field, where UL hop if the frequency hopping flag is set to

'0" and NUL;hOP is provided 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, TS 38.212]

- endif

A UE is indicated by msg3-transformPrecoder whether or not the UE shall apply transform precoding, as described in
[4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant.

For PUSCH transmission with frequency hopping scheduled by RAR UL grant, the frequency offset for the second hop
[6, TS 38.214] is given in 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

R N
LT @ PBRVEE T e OIS Value of ~ULp Hopping | Frequency offset for 2" hop
Bits
. 0 NG /2]
Niywp<50 _
1 INGe /4]
00 INGw /2]
. 01 INgwe /4l
N3 >50 BV_,"’/
10 - UNEC'GP /41
11 Reserved

A SCS for the PUSCH transmission is provided by SubcarrierSpacing 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. For 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 receives a PDSCH with a

RAR message ending in slot 7 for a corresponding PRACH transmission from the UE, the UE transmits the

n+k2+A

PUSCH in slot , where kZ and 4 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
+N_. +
NTJ NT,Q 0.5 msec, where NT,I is a time duration of N, symbols corresponding to a PDSCH reception
time for UE processing capability 1 when additional PDSCH DM-RS is configured, NT,2 is a time duration 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 considers that N, and N

configurations for the PDSCH and the PUSCH.

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-RNTTI 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

NT,1+0'5 msec. NT,l is a time duration of Nl symbols corresponding to a PDSCH reception time for UE
processing capability 1 when additional PDSCH DM-RS is configured.

2 correspond to the smaller of the SCS

9 UE procedure for reporting control information

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

If a UE would transmit CSI reports on overlapping physical channels, the UE applies the priority rules described in TS
38 .214 for the multiplexing of CSI reports.

If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is
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 a UE

- 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 CSI 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 CSI reports in the
PUSCH.

A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration A UCI of same

<
type that the UE would transmit in PUCCHs in different slots with SCS configuration By i s

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 a slot if the UE previously detects
a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the
PUSCH transmission.

If a UE multiplexes aperiodic CSI 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 PUSCHs that are scheduled by
DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs 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
PUSCHs.

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 CSI in any of the multiple PUSCHs, the UE multiplexes the
UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for
UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the
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smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in
the earliest PUSCH that the UE transmits in the slot.

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

If the PUSCH transmission over the multiple slots is scheduled by a DCI format 0_1, the same value of a DAI 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 0 represents a negative acknowledgement (NACK) while a 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 a UE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per
transport block.

A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptions in
a same PUCCH.

In the following, the CRC for DCI format 1_0 is scrambled with a C-RNTI, an MCS-C-RNTI, or a CS-RNTI and the
CRC for DCI format 1_1 is scrambled with a C-RNTI or an MCS-C-RNTI,.

9.1.1 CBG-based HARQ-ACK codebook determination

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

CBG/TB, max
maxCodeBlockGroupsPerTransportBlock indicating a maximum number ~ HARC A of CBGs for generating respective
HARQ-ACK information bits for a transport block reception for the serving cell.

Foranumber of C  code blocks (CBs) in a transport block, the UE determines a number of CBGs as

CBG/TB  _ . [ 7rCBG/TB,max CBG/TB1  _ CBG/TB
NHARQ—ACK_mm(NHARQ—ACK’ C] . Each of the first NHARQ-ACK_mOd‘C’ Niisro-Ack] CBGs includes
CBG/TB CBG/TB,1
< < ’ s
[C/N HARQ-ACK] CBs, where CBG Negc 0—"CBG N HARQ-ACK | includes CBs

CBG/TB CBG/TB
Nepg' | C/ N yargonck [+icss 0ncp<[C/ Nyapoonck . and each of the last
CBG/TB2 _ nCBGTB CBG/TB CBG/TB
Niiarg-ack=Nriargack mod(C, N HARQ—ACK) CBGs includes lC/ N HARQ-ACKJ CBs, where CBG

CBG/TB,1 CBG/TB,1 CBG/TB,2
Nepg> Niarg-ackSMcae <Narq-ack HVharg-ack ,includes CBs

CBGTB1 | CBG/TB _ NCBGTBI |, CBG/TB CBG/TB
Niarq-ack [C/N HARQ—ACK]+(nCBG N HARQ*ACK) lC/ N HARQ—ACKJ+nCB’ 0 S”c13<|C/ Niarg-ack!  The UE generates

CBG/TB,1 CBG/TB,2
N N

HARQ-ACK " “"HARQ-ACK  HARQ-ACK information bits through a one-to-one mapping with the
NCBG/TB,l CBG/TB,2

HARQ‘ACK+NHARQ‘ACK CBGs. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK
information bits for the second transport block after the HARQ-ACK information bits for the first transport block. 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.
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CBG/TB,max

The HARQ-ACK codebook includes the NHARQ—ACK HARQ-ACK information bits and, if
NCBG/TB  \CBG/TBmax
HARQ-ACK "“"HARQ-ACK  for a transport block, the UE generates a NACK value for the last

NCBG/TB,maX _ NCBG/TB
HARQ-ACK “"HARQ-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.

CBG/TB

If a UE correctly detects each of the N HARQ-ACK  CBGs and does not correctly detect the transport block for the
NCBG/TB NCBG/TB
HARQ-ACK  CBGs, the UE generates a NACK value for each of the ~'HARQ-ACK  CBGs.

9.1.2 Type-1 HARQ-ACK codebook determination

This subclause applies if 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 transmits in a slot 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. The UE reports NACK value(s) for HARQ-ACK
information bit(s) in a HARQ-ACK codebook that the UE transmits in 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.

repeat
If the UE is provided pdsch-AggregationFactor, ~'PDSCH s a value of pdsch-AggregationFactor; otherwise,
repeat __ __ aprepeat
Nepscn=1 . The UE reports HARQ-ACK information for a PDSCH reception from slot n—Nppscy+1
N only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot n+k

to slot

where k is a number of slots 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 field is not present in the DCI

format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot n+k , the UE
sets a value for each corresponding HARQ-ACK information bit to NACK.

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

- SPS PDSCH reception

within the My, 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 My occasion(s) on respective serving cell(s); otherwise, the procedures in
Subclause 9.1.2.1 and Subclause 9.1.2.2 for a HARQ-ACK codebook determination apply.

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

For a serving cell € , an active DL BWP, and an active UL BWP, as described in Subclause 12, the UE determines a
set of MA,C occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK
information in a PUCCH in slot My . If serving cell € is deactivated, the UE uses as the active DL BWP for
determining the set of MA,C occasions for candidate PDSCH receptions a DL. BWP provided by
firstActiveDownlinkBWP. The determination is based:

a) on a set of slot timing values Kl associated with the active UL BWP
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a) If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for

DCI format 1_1 on serving cell € , Kl is provided 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 ¢ Kl is provided by
dl-DataToUL-ACK for DCI format 1_1

b) onasetof row indexes R  of a table that is provided either by a first set of row indexes of a table that is
provided by PDSCH-TimeDomainResourceAllocationList 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-TimeDomainResourceAllocationList in PDSCH-Config, associated with

the active DL BWP and defining respective sets of slot offsets Ky , start and length indicators SLIV, and
PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]

UL

c) on the ratio 2t between the downlink SCS configuration HpL  and the uplink SCS configuration

Hur provided by subcarrierSpacing 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-ConfigDedicated as described in
Subclause 11.1.

For the set of slot timing values Kl , the UE determines a set of MA,C 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
HARQ-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=4
Set MA)C: ﬂ
Set ClKy) to the cardinality of set K,

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

while K<C[K|]

if mod (nU_Kl,k+1 ,max (ZHUquDL,l)): 0

n,=0

D

Set — index of a DL slot within an UL slot

while ”D<maX(ZPDL7uUL’1)

Set R to the set of rows
set CIRI (o the cardinality of R
Set T =0 _ index of row inset R

ifslot U starts at a same time as or after a slot for an active DL BWP change on serving cell € oran

-K '],ZHDL7“UL +n,

active UL BWP change on the PCell and slot LK) > s before the slot for the active
DL BWP change on serving cell € or the active UL BWP change on the PCell

n,
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continue;
else
while < C ( R)

if the UE is provided TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, for

n —K +n _Nrepeal +1 l n —K .2“DL7AUUL
each slot from slot ( u D PDSCH to slot ( U 1,k]

, at least one symbol of the PDSCH time resource derived by row I is configured as UL where
K

.yHpL T HuL
k)2 +ny,

Lk is the k-th slot timing value in set Kl ,

<
R=R)}
l

end if
r=r+1
end while

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R4

MA,c:MA,CUj

j=j+1

The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;

else
Set CIR| to the cardinality of R
Set Z’ to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of
while R#0
Set r=0
while F<C[R]

if S<M forstart OFDM symbol index S forrow I

D ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row T

r,k,n

<

B:BUbr,k’nD ,
end if
r=r+1
end while
M, =M, Uj;
j=j+1
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Set ™M  to the smallest last OFDM symbol index among all rows of R .
end while
end if
end if

nD:nD+1

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

r.k,n

corresponding to rows of R associated with a same value of > ,where "k , the UE does not expect

to receive more than one PDSCH in a same DL slot.
If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by a DCI format 1_0 and if
- the UE is configured with one serving cell, and

C‘(MA,C’: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 a DCI format 1_0 and if
- the UE is configured with more than one serving cells, or

(M, [>1 and

- PDSCH-CodeBlockGroupTransmission is provided to the UE

CBG/TB,max
the UE repeats ~ HARQ-ACK  times the 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 Ny symbols prior to a first symbol of a
PUCCH transmission where the UE multiplexes HARQ-ACK information, where N, is defined in Subclause 9.2.3.

If a UE is provided dI-DataToUL-ACK, the UE does not expect to be indicated by DCI format 1_0 a slot 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 slot 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
maxNrofCodeWordsScheduledByDCI 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 harq-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK
information with value of ACK for the second transport block if harqg-ACK-SpatialBundlingPUCCH is provided.

~ACK { ~ACK ~ACK
)

¢
A UE determines Lo Ty HARQ-ACK information bits, for a total number of Oucx HARQ-ACK
information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In
the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a
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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 the set MA,C defines a total number M, of occasions for PDSCH reception or SPS PDSCH
release for serving cell ¢ corresponding to the HARQ-ACK information bits.

Set =0 _ serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

set J=0 _HARQ-ACK information bit index

DL
Set Nears to the number of serving cells configured by higher layers for the UE
DL
while c<N cells

Set m=0 _ index of occasion for candidate PDSCH reception or SPS PDSCH release

m<M

while c

if harq-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 ¢ ,

~ACK
J = HARQ-ACK information bit corresponding to a first transport block of this cell;

j=j+1

~ACK
J = HARQ-ACK information bit corresponding to a second transport block of this cell;

j=j+1

elseif harg-ACK-SpatialBundlingPUCCH is provided, and the UE is configured by
maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for the active DL BWP of
serving cell ¢ |

~ACK
J = 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+l
CBG/TB,max
elseif PDSCH-CodeBlockGroupTransmission is provided, and ~ HARQ-ACKc  CBGs are indicated by
maxCodeBlockGroupsPerTransportBlock for serving cell ¢ |,

et "cB6=0 | CBG index

< NCBG/TB,maX
while cBG</VHARQ-ACK, ¢

~ACK
"My = HARQ-ACK information bit corresponding to CBG a6 of the first transport block;

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

~ACK

j n NCBG/T 'B,max

cae* Viarg-acke = HARQ-ACK information bit corresponding to CBG M6 of the second
transport block;
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end if
Nepe=Nepe*1
end while
CBG/TBmax DL

J=] +NTB c NNARQ ACK,c | where NTB,C is the value of maxNrofCodeWordsScheduledByDCI for
the active DL BWP of serving cell ¢ ;

else
aACK
J = HARQ-ACK information bit of serving cell ¢ ;
j=j+1
end if
m=m+1 .
end while
=c+l
end while
<
If OACK+OSR+ OCSI_ 11 , the UE determines a number of HARQ-ACK information bits MaRq-ACK for obtaining
a transmission power for a PUCCH as described in Subclause 7.2.1, as
Ncells 1 M -1 Cells -1 M -1
ived received,CBG
MyarQ-acK = Z Z N:Tiwe + Z Z N
=0 m=0 where
Nreceived
- m,c is the number of transport blocks the UE receives in PDSCH reception occasion ™M for serving

cell ¢ if harg-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or
the number of transport blocks the UE receives in 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 receptions if harq-ACK-SpatialBundlingPUCCH is provided or SPS PDSCH release in
PDSCH reception occasion ™M for serving cell ¢ and the UE reports corresponding HARQ-ACK
information in the PUCCH.

Nreceived,CBG
m,¢ is the number of CBGs the UE receives in a PDSCH reception occasion ™ 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 a value of a respective PDSCH-to-HARQ feedback timing field in a DCI
format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dI-DataToUL-ACK if the

PDSCH-to-HARQ feedback timing 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 ¢ ,as
described 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 harqg-ACK-
SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, 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
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counter DALI 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 sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH
reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH
monitoring occasion where the UE detects a DCI format 0_0 or a DCI 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 a first symbol of a
PUSCH transmission where the UE multiplexes HARQ-ACK information, where N2 is defined in [6, TS 38.214].

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
UL

0_1is Viopa=1 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.

LT _
The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when Vr-pa=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 DALI 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.

9.1.3 Type-2 HARQ-ACK codebook determination
This subclause applies if 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 a serving cell € , as described in Subclause 10.1, and for
which the UE transmits HARQ-ACK information in a same PUCCH inslot " based on

- PDSCH-to-HARQ_feedback timing values for PUCCH transmission with HARQ-ACK information in slot 1
in response to PDSCH receptions or SPS PDSCH release

- slot offsets 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 ™M | 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 release 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.

DL

Denote by ' C-DALcm  the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving
DL

cell ¢ in PDCCH monitoring occasion ™M according to Table 9.1.3-1. Denote by ' T-DALm  the value of the total
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DAI in DCI format 1_1 in PDCCH monitoring occasion ™M  according to Table 9.1.3-1. The UE assumes a same
value of total DAI in all DCI formats 1_1 in PDCCH monitoring occasion ™M

If the UE transmits HARQ-ACK information in a PUCCH in slot ™ and for any PUCCH format, the UE determines
~ACK {NACK ~ACK 0
)

the 0 1 ey OACK71
pseudo-code:

, for a total number of “ACkK HARQ-ACK information bits, according to the following

Set =0 _ serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

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 ] =0

Set Vtemp:o

Set Viemp2=0

Set V= Y
NP

Set cells  to the number of serving cells configured by higher layers for the UE
Set M o the number of PDCCH monitoring occasion(s)

while M< M

DL
cells

c<N

while

if PDCCH monitoring occasion ™M is before an active DL BWP change on serving cell ¢  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 ™M
c=c+l
else

if there is a PDSCH on serving cell ¢  associated with PDCCH in PDCCH monitoring occasion ™ |, or
there is a PDCCH indicating SPS PDSCH release on serving cell €

DL

if VC—DAI,c,mSVtemp
j=j+1

end if

_ /DL
vtemp_VC—DAI,c,m

DL _
if VT—DAI,m—ﬂ

DL

VtempZZVC—DAI,c,m

else

_ DL
v VT—DAI,m

temp2

3GPP



Release 15 51 3GPP TS 38.213 V15.4.0 (2018-12)

end if

if harq-ACK-SpatialBundlingPUCCH is not provided and ™M is a monitoring occasion for PDCCH
with DCI format 1_0 or DCI format 1_1 and the UE is configured by
maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured
DL BWP of at least one serving cell,

~ACK
+ 0 [1/DL |
BV puenl] = HARQ-ACK information bit corresponding to the first transport block of this cell
~ACK
: iDL |
BV epuen Il = HARQ-ACK information bit corresponding to the second transport block of this
cell
— [q DL . DL
V=V,U8j+2(VE 1) 8 e2(VE L 1

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and ™ is a monitoring occasion for
PDCCH with DCI format 1_1 and the UE is configured by maxNrofCodeWordsScheduledByDCI with
reception of two transport blocks in at least one configured DL BWP of a serving cell,

~ACK

I
Ve o em!

= binary AND operation of the HARQ-ACK information bits corresponding to the
first and second transport blocks of this cell

V,=V U4 VR -1
else
~ACK
4 +V?L7DALcym_1 = HARQ-ACK information bit of this cell
V=V U4Vl o
end if
end if
c=c+l
end if
end while
m=m+1
end while
if Vtemp2<vtemp
j=j+1
end if

if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by
maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of
a serving cell,

OACK:2,('4.j+Vtemp2

else
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ACK _ , .
0 _4.]+Vtemp2
end if
~ACK _ &
Oi —NACK for any ic {0,1 ’’’’’ OACK _ 1} s
set =0
while c< N cells

if SPS PDSCH reception is activated for a UE and the UE is configured to receive SPS PDSCH in a slot

n_Kl,C for serving cell € , where KI,C is the PDSCH-to-HARQ-feedback timing value for SPS
PDSCH on serving cell €

OACK: OACK+ 1

ACK

0
0"~ = HARQ-ACK information bit associated with the SPS PDSCH reception

end if
c=c+l

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 maxNrofCodeWordsScheduledByDCI 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 harqg-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with
value of ACK for the second transport block if harqg-ACK-SpatialBundlingPUCCH is provided.

DL
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the Neels serving cells, or for PDSCH
receptions scheduled by DCI format 1_0, or for SPS PDSCH reception, or for SPS PDSCH release, and if

<
Opcx*Ospt Ocg=11 , the UE determines a number of HARQ-ACK information bits nHARQ-ACK for obtaining a

transmission power for a PUCCH, as described in Subclause 7.2.1, as

DL

cells -1 cells -1 M-1
_ _ DL recewed
Nyarq-ack = MHARQ-ACK,TB ™ DAI M Z Upar,c[mod4 | N 1 + Z Z +Nops,
=0
where
NE=1
CEHS . DALmy s the value of the counter DAI in the last DCI format 1_0 or DCI format 1_1

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

NP S

- if cells
- if the UE does not detect any DCI format 1_1 in a last PDCCH monitoring occasion within the M

PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or
DL
indicating SPS PDSCH release for any serving cell € DALm,  js the value of the counter DAI in a last

DCI format 1_0 the UE detects in the last PDCCH monitoring occasion

- if the UE detects at least one DCI format 1_1 in a last PDCCH monitoring occasion within the M
PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or
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DL

vDAI,m1

indicating SPS PDSCH release for any serving cell € i is the value of the total DAI in the at

least one DCI format 1_1
VDL

DALm, 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 € in any of the M ppccH monitoring occasions.

U
DALc  is the total 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 ppccH monitoring occasions for serving

U

=()
cell € . DALc 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 € in any of the M ppccH monitoring
occasions.

DL  _
NTB,maX_Z if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell €
DL
=1

ACK-SpatialBundlingPUCCH is not provided; otherwise, NTB: max

and harg-

received

m,c is the number of transport blocks the UE receives in a PDSCH scheduled by DCI format 1_0 or DCI

format 1_1 that the UE detects in PDCCH monitoring occasion ™  for serving cell € if harq-ACK-
SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by DCI format 1_0 and DCI

format 1_1 that the UE detects in PDCCH monitoring occasion ™  for serving cell € if harq-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 €

NSPS,C is the number of SPS PDSCH receptions by the UE on serving cell €  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 ppccH monitoring occasions.

If a UE
DL,CBG
- is provided PDSCH-CodeBlockGroupTransmission for ~~" cells serving cells; and
NPLTB

the UE determines the

is not provided PDSCH-CodeBlockGroupTransmission, for cells serving cells where
NPLTB, \yDLCBG_ \DL

cells cells — “Vcells

~ACK  (~ACK ~ACK
0, {0 ,.,0 , , , . I
e according to the previous pseudo-code with the following modifications

DL

NC9HS is used for the determination of a first 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 NIC)e%fSCBG
serving cells and by DCI formats 1_0 and DCI formats 1_1 on the CDE%IJSTB serving cells

NDL ) NDL,CBG o

cells  js replaced by oL é%lé for the determination of a second HARQ-ACK sub-codebook

corresponding to the cells 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

yPLCBG CBG/TB,max
cells serving cells, the UE generates ~ HARQ-ACKmax  HARQ-ACK information bits, where
) CBGTB max DL /CBG/TB,max DL,CBG
HARQ-ACKmax  js the maximum value of ~ TB,c “"HARQ-ACK,c  acrossall * cells serving cells and
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DL
B¢ s the value of maxNrofCodeWordsScheduledByDCI for serving cell € . If for a serving cell €
DL _NCBG/TB,max <NCBG/TB,max
TB,c “"HARQ-ACK,c “""HARQ-ACKmax  the UE generates NACK for the last
NCBG/TB,maX _ NDL ) NCBG/TB,max
HARQ-ACKmax “"TB,c *'HARQ-ACK,c HARQ-ACK information bits for serving cell €

it is

- The pseudo-code operation when harq-ACK-SpatialBundlingPUCCH 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

it Oack*Os*Ocs=1l e UE also determines  "HARQ-ACK — MHARQ-ACK.TB T THARQ-ACK.CBG  for
obtaining a PUCCH transmission power, as described in Subclause 7.2.1, with

DL,CBG _ DL _
N 1 cells 1 M-1

cells
_ DL CBG CBG/TB,max received, CBG
HARQACK.CBG | | V DAL m,, Y Upare[mod 4| Nyo semnt 2, 2, Nove
=0 c=0 m=0

t
c=

n

where
NDL -1 VDL

- if cells™+ DALm.  is the value of the counter DAI in the last DCI format 1_1 scheduling CBG-based
PDSCH reception for any serving cell € that the UE detects within the M ppccuH monitoring
occasions

DL DL
. N 0 >1 VDAI,m . . .

- if cells st is the value of the total DAI in the last DCI format 1_1 scheduling CBG-based
PDSCH reception for any serving cell € that the UE detects within the M ppccH monitoring
occasions

DL

\% =0
- DAL g, if the UE does not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for
any serving cell € in any of the M ppccH monitoring occasions
CBG
- DALe s the total number of DCI format 1_1 scheduling CBG-based PDSCH receptions that the UE
CBG _
UDALC =0 if the UE does
not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for serving cell € in any of the

detects within the M PDCCH monitoring occasions for serving cell €

M ppccH monitoring occasions

Nreceived,CBG
- m,c is the number of CBGs the UE receives in a PDSCH scheduled by DCI format 1_1 that the

UE detects in PDCCH monitoring occasion ™  for serving cell € and the UE reports corresponding
HARQ-ACK information in the PUCCH

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

VDL Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI C-DAI P - . A
or PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB DL . Y Y>1
VH)AI SPS PDSCH release is present, denoted as and =
0,0 1 'Y-1/mod4+1=1
0,1 2 \Y—1/mod4+1=2
1,0 3 'Y-1/mod4+1=3
1,1 4 (Y—l)m0d4+1:4
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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 a DCI 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 harq-ACK-
SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.

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

_ /UL UL
C and ™M loops, the UE sets ermﬂ_vDAl where Vou is the 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 a first DAI field
corresponding to the first HARQ-ACK sub-codebook and a second DALI field corresponding to the second
HARQ-ACK sub-codebook

- harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by

UL _
DCI format 0_1 with DATI field value Vripa=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

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.

If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI
UL _ UL _

format 0_1 with first DAI field value VT*DA1_4 or with second DAI field value VT*DAI_A' 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 ¢ 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 DAI in DCI format 0_1

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

DAI e PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB T-DAI ; X X=1
SPS PDSCH release is present, denoted as and =

0,0 1 X—1/mod4+1=1
0,1 2 (X —1/mod4+1=2
1,0 3 X -1/mod4+1=3
1,1 4 | X—1/mod4+1=4

9.2 UCI reporting in physical uplink control channel
UCI types reported in a PUCCH include HARQ-ACK information, SR, and CSI. 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 a HARQ-ACK codebook as described in Subclause 9.1.
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slot
A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot of ~'smb  symbols as
defined in [4, TS 38.211]. When the UE transmits two PUCCHs in a slot, at least one of the two PUCCHs uses PUCCH
format 0 or PUCCH format 2.

For the determination of the number of PRBs in Subclauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bits if a
number of respective UCI bits is larger 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].

92.1 PUCCH Resource Sets

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

Size
Ny PRBs. The PUCCH resource set

RBoffset

includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset BWP
and a cyclic shift index set for a PUCCH 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.

transmission of HARQ-ACK information on PUCCH in an initial UL BWP of

The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection
as described in [12, TS 38.331].

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or

r <r <1
DCI format 1_1, the UE determines a PUCCH resource with index  PUCCH 0 PUCCH > ,as
2:n
_ CCE,0
Mpuccu™ +2:Apy N
CCE ,where “'CCE is a number of CCEs in a CORESET of a PDCCH reception with

n
DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, CCE0 is the index of a first CCE for the

A
PDCCH reception, and PRI s a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format
1_1.

If [rPUCCH/BJZO

/Nch

offset
- the UE determines the PRB index of the PUCCH transmission in the first hop as RBgyp + [rPUCCH and

Niwp— 1_RBgflaS/;[_erUCCH/NCSJ

the PRB index of the PUCCH transmission in the second hop as , where

Nes is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as Fpucch mOdNCS

If [rPUCCH/SJ =1
- the UE determines the PRB index of the PUCCH transmission in the first hop as

size 1 offset _ _
Ngwp =1~ RBgyp “rPUCCH 8)/NCSJ and the PRB index of the PUCCH transmission in the second hop as

RB%@;;I+l(rPUCCH_8)/NCSJ

[r

- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as ! pucc ~8/mod N
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Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

PRB offset P
Index PUCCH format | First symbol | Number of symbols RB;gvs;t iest i(:]f(;g)'(tézl
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 INsz= /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:
- a PUCCH resource index provided by pucch-Resourceld
- an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB
- an index of the first PRB after frequency hopping by secondHopPRB;
- an indication for intra-slot frequency hopping by intraSlotFrequencyHopping
- 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 initialCyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, a first symbol for the PUCCH transmission provided by
startingSymbolIndex.

If the format indicates PUCCH-format1, the PUCCH format configured for a PUCCH resource is PUCCH format 1,
where the PUCCH resource also includes an index for an initial cyclic shift provided by initialCyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, a first symbol for the PUCCH transmission provided by
startingSymbolIndex, and an index for an orthogonal cover code by timeDomainOCC.

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for a PUCCH resource is
PUCCH format 2 or PUCCH format 3, respectively, where the PUCCH resource also includes a number of PRBs
provided by nrofPRBs, a number of symbols for a PUCCH transmission provided by nrofSymbols, and a first symbol for
the PUCCH transmission provided by startingSymbolIndex.

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 a first
symbol for the PUCCH transmission provided by startingSymbolindex.

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-ResourceSetId, 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 maxPayloadMinus1. For the first PUCCH resource set, the maximum number of UCI
information bits is 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by
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maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32
and the maximum number of PUCCH resources in the other PUCCH resource sets is 8.

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

<
a first set of PUCCH resources with pucch-ResourceSetld = 0 if OUCI_ 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

a second set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if

< <
’ OUCI_NZ where N2 is provided by maxPayloadMinus1 for the PUCCH resource set with pucch-
ResourceSetld = 1, or

a third set of PUCCH resources with pucch-ResourceSetld = 2, if provided by higher layers, if

< <
N2 OUCI_ N3 where N3 is provided by maxPayloadMinus1 for the PUCCH resource set with pucch-
ResourceSetld = 2, or

a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if

N,<0 <1706

9.2.2 PUCCH Formats for UCI transmission

If a UE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in a PUCCH using

PUCCH format 0 if

- the transmission is over 1 symbol or 2 symbols,

- the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR bits) is 1 or 2
PUCCH format 1 if

- the transmission is over 4 or more symbols,

- the number of HARQ-ACK/SR bits is 1 or 2

PUCCH format 2 if

- the transmission is over 1 symbol or 2 symbols,

- the number of UCI bits is more than 2

PUCCH format 3 if

- the transmission is over 4 or more symbols,

- the number of UCI bits is more than 2,

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

- the transmission is over 4 or more symbols,

- the number of UCI bits is more than 2,

- the PUCCH resource includes an orthogonal cover code

A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a
single value for pucch-SpatialRelationInfold; otherwise, if the UE is provided multiple values for PUCCH-
SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to
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transmit PUCCH 3 msec after the slot where the UE transmits HARQ-ACK information with ACK value corresponding
to a PDSCH reception providing the PUCCH-SpatialRelationInfo

- If PUCCH-SpatialRelationInfo provides ssb-Index, the UE transmits the PUCCH using a same spatial domain
filter as for a reception 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

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

- else PUCCH-SpatialRelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter
as for a transmission 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 a PUCCH transmission using PUCCH format 3 or 4 is provided by additional DMRS.

Use of ©/2-PBSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 is indicated 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 a slot.

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

For a SPS PDSCH reception ending in slot " , the UE transmits the PUCCH in slot n+k where k is provided
by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS
PDSCH reception.

If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a
PDSCH reception or activates a SPS PDSCH reception ending in slot " , the UE provides corresponding HARQ-

ACK information in a PUCCH transmission within slot n+k where k is provided by dI-DataToUL-ACK.
With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a

PDSCH reception ending in slot " or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a
PDCCH reception ending in slot " , the UE provides corresponding HARQ-ACK information in a PUCCH

transmission within slot n+k , where k is a number of slots and is indicated by the PDSCH-to-HARQ-timing-

indicator field in the DCI format, if present, or provided by dI-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
1 bit 2 bits 3 bits

‘0’ ‘00’ '000' 1° value provided by dl-DataToUL-ACK
"1 '01' '001' 2" value provided by dl-DataToUL-ACK
'10' ‘010’ 3" value provided by dl-DataToUL-ACK

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

'100' 5" value provided by d/-DataToUL-ACK

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

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

'111' 8" value provided by dI-DataToUL-ACK
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For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set

of PUCCH resources for OUCI 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] in a last DCI format 1_0 or DCI format 1_1,
among the 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, 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 cells indexes 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 RPUCCH of resourceList is larger than eight, when a UE
provides HARQ-ACK information in a PUCCH transmission in response to detecting a last 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

o r 0<roucen<Ropeci—1
PUCCH resource with index  PUCCH PUCCH~""PUCCH , as
n IR /8] R .
CCE’I}V Ueet +APRI'|——PLéCCH] if  App<Rpyccn mod8
CCE, p
n |R /8 R
[ CCE’I}V{ e J +APRI'[$J+RPUCCH mod38 if  Apri=Rpyccpmod 8
CCE, p

511
roucen =6 1616 { )

where N CCE,p  is a number of CCEs in CORESET P  of the PDCCH reception for the DCI format 1_0 or DCI

n A
format 1_1 as described in Subclause 10.1, CCEp is the index of a first CCE for the PDCCH reception, and PRI
is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1.

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" 1 PUCCH resource provided by pucch-Resourceld obtained from the
1% value of resourceList

2" PUCCH resource provided by pucch-Resourceld obtained from the
2" value of resourceList

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

4™ PUCCH resource provided by pucch-Resourceld obtained from the

‘001

011 4" value of resourceList

100" 5" PUCCH resource provided by pucch—ResqurceId obtained from the
5" value of resourceList

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

110 7" PUCCH resource provided by pucch-Resourceld obtained from the

7" value of resourcelList

111" 8" PUCCH resource provided by pucch-Resourceld obtained from the
8" value of resourceList

If a UE detects a first DCI format 1_0 or DCI format 1_1 indicating a first resource for a PUCCH transmission with
corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format 1_0 or DCI
format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the
slot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a

PUCCH resource in the slot if the PDCCH reception that includes the second DCI format is not earlier than N
symbols from a first symbol of the first resource for PUCCH transmission in the slot where, for UE processing

capability 1 and SCS configuration H N=8 o p=0 | N;=10 ¢ p=1 N,=17

3

for
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p=2  N;=20 ¢ p=3  andfor UE processing capability 2 and SCS configuration H | Ny=3 " for

p=0  N=4.5 ¢ p=1  N=9 0 p=2

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 0, the UE determines values My
and M for computing a value of cyclic shift &  [4, TS 38.211] where My s provided by initialCyclicShift of

PUCCH-format0, and Mes is determined from the value of one HARQ-ACK information bit or from the values of
two HARQ-ACK information bits as in 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

HARQ-ACK Value 0 1
Sequence cyclic shift mes=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 mes=0 meg=3 mes=6 mes=9

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided a value for
My by initialCyclicShift of PUCCH-formatl.

If a UE transmits a PUCCH with Oacx HARQ-ACK information bits and Ocre bits using PUCCH format 2 or
PUCCH

PUCCH format 3 in a PUCCH resource that includes RB PRBs, the UE determines a number of PRBs
PUCCH

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

MRB

of PRBs provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start

' PUCCH ,RB  PUCCH
. O,0ut0cpe <KMo =N~ -N ‘Q 1 .
from the first PRB from the number of PRBs, that results to ( ACK CRC) RB,min “Tsc,ctrl =" symb-UCI Qn and, if

PUCCH PUCCH _ ) RB  n/PUCCH o . RB PUCCH
Mg >1 , OACK+OCRC)>(M RB,min 1Nsc,ctrl N symb-UCI Qur , where Nsc,ctrl , Nsymb-UCI , Qm , and

+0pc > MESCCH—1 |- N

PUCCH
sc,ctrl Ns Qm r

' are defined in Subclause 9.2.5.2. If (OACK ymb-UCI

MPUCCH
PUCCH over RB PRBs.

, the UE transmits the

9.2.4 UE procedure for reporting SR

A UE is configured by higher layer paremater SchedulingRequestResourceConfig a set of configurations for SR in a
PUCCH transmission using either PUCCH format 0 or PUCCH format 1.

The UE is configured a PUCCH resource by SchedulingRequestResourceld providing a PUCCH format O resource or a

SR

PUCCH format 1 resource as described in Subclause 9.2.1. The UE is also configured a periodicity PERIODICITY  in

symbols or slots and an offset SR

SR

OFFSET  in slots by periodicityAndOffset for a PUCCH transmission conveying SR. If

PERIODICITY  is larger than one slot, the UE determines a SR transmission occasion in a PUCCH to be in a slot with

H
number ns)f [4, TS 38.211] in a frame with number nf if
ne-Ngor#+n! —SR mod SR 0

slot OFFSET PERIODICITY =
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SR

If SRperiopiciry is one slot, the UE expects that orrsr =0 and every slot is a SR transmission occasion in a

PUCCH.

If SR pgriopiciTy is smaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a

(I —I,mod SR PERIODICITy)mOd SRpgriopiciry =0 where s the value of

symbol with index l [4, TS 38.211] if
startingSymbolIndex.

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

SR transmission occasions in 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 a positive SR transmission using PUCCH format 0, the UE transmits the PUCCH as

described in [4, TS 38.211] by obtaining My as described for HARQ-ACK information in Subclause 9.2.3 and by

m =0

setting . 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 slots is described in Subclause 9.2.6. If a UE is configured with
multiple PUCCH resources in a slot to transmit CSI reports

- if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI
reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the
highest priority [6, TS 38.214]

- if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not
overlap with the first resource, the UE determines a CSI 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 CSI reporting

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

- if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the
UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-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 a same PUCCH if the UE is
provided simultaneousHARQ-ACK-CSI; otherwise, the UE drops the CSI 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-CSI 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 CSI reports assuming that each
of the CSI reports indicates rank 1.

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and,
when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in
one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection
by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH
transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first
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symbol So of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot,
satisfies the following timeline conditions

; Tooe:=|Ny+dy+1[2048+144 )k 27T,

is not before a symbol with CP starting after = Proc.1™ after a last

symbol of any corresponding PDSCH, where H  corresponds to the smallest SCS configuration among the
SCS configuration of the PDCCH scheduling the PDSCH, the SCS configuration of the PDSCH, and the
smallest SCS configuration for the group of overlapping PUCCHs and PUSCHs where the UE transmits HARQ-
ACK information in response to the reception of the PDSCH

T esse= N +11-(2048+ 144 -2 7T

- So is not before a symbol with CP starting after ~~ proc,release after a last

symbol of any corresponding SPS PDSCH release, where N is described in Subclause 102and H
corresponds to the smallest SCS configuration among the SCS configuration of the PDCCH providing the SPS
PDSCH release and the smallest SCS configuration for the group of overlapping PUCCHSs or overlapping
PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the detection of the SPS
PDSCH release

- if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,

So is not before a symbol with CP starting after
T =max|(N,+d, +1]-2048+144) k-2 T, d,,

proc,2 after a last symbol of

- a PDCCH with the DCI format scheduling the PUSCH, and

- any PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in
an overlapping PUCCH in the slot

where H  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs and
the smallest SCS of the overlapping PUCCHs and PUSCHs, and d2,1 :d2y2: 0
PUSCH

if there is no overlapping

- if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,

muix \. ;.0 H,
So is not before a symbol with CP starting after TPFOQCSI_ max([ Z+d](2048+144]-:2 Te, d2y2

after a last symbol of
- a PDCCH with the DCI format scheduling the PUSCH, and

- any PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in
an overlapping PUCCH in the slot

where H  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the
smallest SCS configuration for the group of the overlapping PUCCHs and PUSCHs, and the smallest SCS
configuration of aperiodic CSI-RS associated with the DCI format scheduling the PUSCH, and d=2 for
p=0,1 , d=3 for H=2 gna d=4 for p=3
N, s N s dLl s le s d2,2 , and Z  are defined in [6, TS 38.214],and K and e are
defined in [4, TS 38.211].

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one
of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in

response to a DCI format detection, the UE expects that the first symbol So of the earliest PUCCH or PUSCH
satisfies 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 is in response to a DCI format detection to overlap with any other
PUCCH or PUSCH that does not satisfy the above timing conditions.
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If there is one or more aperiodic CSI reports multiplexed on PUSCHs in the group of overlapping PUCCHs and

Z,mux

PUSCHs and if symbol So is before symbol “rf  that is a next uplink symbol with CP starting after

mx (g d. |0 7K.
Z ProaCSl—(Z +d| 12048+144)-x-2 Te after the end of the last symbol of

- the last symbol of aperiodic CSI-RS resource for channel measurements, and
- the last symbol of aperiodic CSI-IM used for interference measurements, and

- the last symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RS is used for
channel measurement for triggered CSI report n

the UE is not required to update the CSI report for the triggered CSI report 1 . Z" s defined in [6, TS 38.214] and

H  corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHs scheduling the
PUSCHs, the smallest SCS configuration of aperiodic CSI-RSs associated with DCI formats provided by the PDCCHs
triggering the aperiodic CSI reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHs and

d=2 go p=0,1 , d=3 for H=2 and d=4 for H=3

If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information, SR, and CSI 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 slot 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 PUCCHs 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
- a UE is not provided multi-CSI-PUCCH-ResourceList, and

- aresource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception
and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective
PUCCH transmissions with two CSI reports, and

- there is no resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format
detection that overlaps in time with any of the previous resources, and

- the following pseudo code results to the HARQ-ACK information and/or the SR being multiplexed on two
PUCCH transmissions with CSI reports

the UE

- multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the
CSI report having the higher priority, and

- does not transmit the PUCCH with the CSI report having the lower priority

set Q  tothe set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where

a resource 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

order|Q|

- the above three steps for the set Q are according to a subsequent pseudo-code for a function

- aresource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSI

transmission is excluded from set Q

- if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK
information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH
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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-CSI 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
from the set  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 clQl to the cardinality of Q

Set Q(J )0) to be the first symbol of resource Q(] ) in the slot

Set LiQlj )) to be the number of symbols of resource Q(J ) in the slot
Set J=0 _index of first resource in set Q

Set 0 =0 . counter of overlapped resources

while J<ClQ-1

if J<CIQI=1  andresource Qlj=0] overlaps with resource Q(j+1)

0=0+1
j=j+l1
else
if 0>0
(A~ s . A
determine a single resource for multiplexing UCI associated with resources Qlj=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 resource to J
Q= (2( jfo),Q(_}}'_fo+1),. L —1)
j=0 % start from the beginning after reordering unmerged resources at next step
0=0
order(Q| % function that re-orders resources in current set Q
set ClQ tothe cardinality of Q
else
j=j+1
end if
end if
end while
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The function order|Q| performs the following pseudo-code

{

while k<ClQI-1 % the next two while loops are to re-order the unmerged resources

[=0
1<C|Q|-1-k

while
i QULO)>Q(I+1,0) or [Q(1,0)=Q(1+1,0) & LIQ(1)I<LIQ(1+1))]
temp=Q/(!)
Q(1)=Q(1+1)
Q(I+1)=temp
end if
[=1+1
end while
k=k+1
end while

}

For each PUCCH resource in the set @ 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
9.2.5.2

- the UE multiplexes HARQ-ACK information and/or CSI reports in a PUSCH if the PUCCH resource overlaps in
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 CSI is selected as described in Subclause 9. If the PUSCH transmission by the UE is not in
response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not
applicable

- the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple
slots if 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 a slot
- multiplexing conditions of corresponding UCI types in a single PUCCH are satisfied, and

- the UE does not transmit any time-overlapping PUSCH in a same frequency band in the slot.

9.25.1 UE procedure for multiplexing HARQ-ACK or CSl and SR in a PUCCH

In the following, a UE is configured to transmit K puCCH:s 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 a transmission of a PUCCH with CSI report(s)
from the UE in the slot.
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If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in a resource using
PUCCH format 0, 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 a value of My and m

cyclic shift &[4, TS 38.211] where My s provided by initialcyclicshift of PUCCH-format0, and Cs s
determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits
as in Table 9.2.5-1 and Table 9.2.5-2, respectively.

Cs  for computing a value of
m

If the UE would transmit negative SR and a PUCCH with at most two HARQ-ACK information bits in a resource 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 me¢=3 meg=9

Table 9.2.5-2: Mapping of values for two HARQ-ACK information bits and positive SR to sequences
for PUCCH format 0

HARQ-ACK Value {0, 0} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift meg=1 me =4 meg=7 mes=10

If a UE would transmit positive or negative SR in a resource using PUCCH format 0 and HARQ-ACK information bits
in a resource using PUCCH format 1 in a slot, 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 a slot, 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 a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using
PUCCH format 1 in a slot, 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 Oacx HARQ-ACK information bits in a resource using PUCCH format 2 or

PUCCH format 3 or PUCCH format 4 in a slot, 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 OUCI OACK+“0g2“K+H UCI bits in a PUCCH 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 all-zero value for the “OgZ[K"'lH

K sRs.

bits represents a negative SR value across all

If a UE would transmit a PUCCH with Ocg CSI report bits in a resource using PUCCH format 2 or PUCCH format 3

or PUCCH format 4 in a slot, [1og2(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 OUCI:[IOg?{K-F 1] ]+ OCSI UCI bits in a resource

using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for CSI reporting. An all-zero value for the
[log,|K+1]]
2! J

bits represents a negative SR value across all K sRs.

log, [K+1]] SR bits, and OCRC
PUCCH

MRB

If a UE transmits a PUCCH with Onex HARQ-ACK information bits, OSR:[

CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes
PUCCH

determines a number of PRBs M RBmin  for the PUCCH transmission to be the minimum number of PRBs, that is
smaller than or equal to a number of PRBs provided respectively by nrofPRBs in PUCCH-format2 or nrofPRBs in

PRBs, the UE
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PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to

PUCCH \RB  PUCCH PUCCH
Oack*Osr +OCRC) Mg min Nt Noympver Qu™ g ¢ Mrs o >1

PUCCH RB PUCCH
(OACK+OSR +OCRCJ>( MRB,min - 1) Nsc,ctrl Nsymb—UCI Qm r

RB ’ PUCCH
Q

, where searl Nsymb-UCI ,and T are

PUCCH RB  nPUCCH
+OSR+OCRC)>(MRB 1) Ny e Nsymb-UCI Q,T

defined in Subclause 9.2.5.2. If (OACK , the UE transmits the

PUCCH
PUCCH over the RB PRBs.
9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

For a transmission occasion of a single CSI report, a PUCCH resource is provided by pucch-CSI-ResourceList. For a
transmission occasion of multiple CSI reports, corresponding PUCCH resources can be provided by multi-CSI-
PUCCH-ResourceList.

If a UE 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-CSI.

A UE is configured by maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and CSI report(s) in a PUCCH
transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4.

If a UE transmits CSI reports using PUCCH format 2, the UE transmits only wideband CSI for each CSI report [6, TS
38.214]. In the following, a Part 1 CSI report refers either to a CSI report with only wideband CSI or to a Part 1 CSI
report with wideband CSI and sub-band CSI.

Denote as
- Orex a total number of HARQ-ACK information bits, if any
- Osr a total number of SR bits. 05z =0 if there is no scheduling request bit; otherwise,

OSR:“OgZ(K"'lH as described in Subclause 9.2.5.1

total
NCSI

Ocsi= > 1Ocsipartt,nt O csipanz n)
- n=1 parths P where OCSI—Darll,n is a number of Part 1 CSI report bits for CSI report

OCSI—DHITZ,H is a number of Part 2 CSI report bits, if any, for CSI report with priority

total
N CSI

with priority value 7

value 1 [6, TS 38.214], and

0.-=0 +0 . o .
CRC  ~CRCCSL-partl * ~ CRCCSIpart2 where OCRC,CSI—Dartl is a number of CRC bits, if any, for encoding

is a number of CSI reports that include overlapping CSI reports

HARQ-ACK, SR and Part 1 CSI report bits and OCRC,CSI—DHHZ is a number of CRC bits, if any, for encoding
Part 2 CSI report bits

In the following

- I is a code rate given by maxCodeRate as in Table 9.2.5.2-1.

PUCCH
- Mg is a number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,
PUCCH
where Mrs is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by nrofPRBs in
PUCCH _
PUCCH-format3 for PUCCH format 3, and Mg~ =1 for PUCCH format 4
RB _ RB RB _ ,,RB
NSCthﬂ_NSC 4 for PUCCH format 2, NSC:thl_NSC for PUCCH format 3, and
NRB _ NRB / NPUCCHA NRB
seetrl ™ “Vsc T 4TS for PUCCH format 4, where ¢ is a number of subcarriers per resource block [4,

TS 38.211]
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PUCCH PUCCH,2

- NSYmb'UCI is equal to a number of PUCCH symbols * symb for PUCCH format 2 provided by
PUCCH

nrofSymbols in PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, = symb-UCl s equal to a
PUCCH,3
N ]

number of PUCCH symbols " symb for PUCCH format 3 or equal to a number of PUCCH symbols
PUCCH,4
N )

symb for PUCCH format 4 provided by nrofSymbols in PUCCH-format3 or nrofSymbols in PUCCH-
format4, respectively, after excluding a number of symbols used for DM-RS transmission for PUCCH format 3
or for PUCCH format 4, respectively [4, TS 38.211]

- Qm:l if pi/2-BPSK is the modulation scheme and Q,=2 if QPSK is the modulation scheme as indicated
by pi2BPSK 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, is in response to a PDSCH reception without a corresponding PDCCH

- if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with

J<2 PUCCH resources in a slot, 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 Qy , and configured code rate I

| PUCCH z/RB PUCCH
- if (OACK+OSR+OCSI+ OCRC) S(MRB 'Nsc,cmrl'Nsymb-UCI'Qm'r)o , the UE uses PUCCH format 2
resource 0 , or the PUCCH format 3 resource 0 , or the PUCCH format 4 resource 0

PUCCH , n7RB PUCCH
- elseif (O +OSR+OCSI+OCRC)>(MRB Nsc,ctrl Nsymb-UCI Qm r

PUCCH  z7RB PUCCH
(OACK+OSR+OCSI+ OCRC)S(MRB Nsc,ctrl Nsymb-UCI Qm r

ACK J and

jrb 0<j<J-1 , the UE transmits a
PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE

uses the PUCCH format 2 resource ] +1 , or the PUCCH format 3 resource ] +1 , or the PUCCH

format 4 resource  J 1

- else the UE uses the PUCCH format 2 resource J ~1 , or the PUCCH format 3 resource J-1 , or the
reported

PUCCH format 4 resource 7 ~1  and the UE selects CSI CSI report(s) for transmission together
with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214]

+0.,+0 .+
- else, the UE transmits the OACK OSR OCSI OCRC bits in a PUCCH resource provided by pucch-CSI-

ResourceList and determined as described in Subclause 9.2.5

If a UE has HARQ-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] in a last 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 OUCI UCI

bits
and
PUCCH pRB  »PUCCH
- if OACK+OSR +OCSI—paI‘t1+OCRC,CSI—part1 S]wRB 'Nsc,ctrl' Nsymb—UCI'Qm'r , the UE transmits the HARQ-ACK,
PUCCH MPUCCH
SR, and CSI reports bits by selecting the minimum number ~ RBmin  of the " RB PRBs satisfying
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PUCCH \;RB _pPUCCH
OACK+OSR+OCSI—paIt1+OCRC,CSI—partl)—M RBmin Nscerl Noymbucr QnT ¢ described in Subclauses 9.2.3 and

9.2.5.1;
Nreported total
- else, the UE selects CSI CSI report(s), from the Gl CSI reports, for transmission together with
reported
HARQ-ACK and SR in ascending priority value [6, TS 38.214], where the value of NCSI satisfies
Nrepaned
. 2 fPUCCH ; n-RB ; pPUCCH ; ~
OACK+OSR + Z OCSI—partl,n+OCRC,CSI—part1,N MRB 6 Nsc,ctrl 6 Nsymb—UCI(’ Qm or
n=1
and
Nreported+1
. 2 gPUCCH ; nrRB + n PUCCH + ~
OpcktOgp + Z OCSI-partl,n+OCRC,CSI-part1,N+1 (Mg "Nsc,ctrl"Nsymb-UCI" Q,ér
n=1 , where
Nreported
. . . OACK+OSR+ z OCSI—partl,n X
CRCCSpart, N js a number of CRC bits corresponding to n=1 UCI bits, and
Nreporled+1
0 ) ) _ OpetOst 2 Ocstpartt,n .
CRCCSL-part,N+1  is a number of CRC bits corresponding to n=1 UCI bits.

If a UE 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] in a last 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 OUCI UCI
bits

and

<7fPUCCH nrRB  nrPUCCH
(Oscxc + s+ Ocs + Ocne) M ™™ i NIl Qu T s U tramsmits the HARQ-ACK, SR and the
Ntotal PUCCH MPUCCH
CSI CSI report bits by selecting the minimum number RB,min  of PRBs from the RB
PUCCH ,RB  »PUCCH
+ + + < e . . .
satisfying (OACK Osp*+Ocsy OCRC)_MRB’mm Neen Nymbver Q' as described in Subclauses 9.2.3 and

- if

PRBs

9.2.5.1
- else,
Nreported >0
- iffor ' CSlpart2 Part 2 CSI report priority value(s), it is
g, weg
. PUCCH . RB PUCCH . . .
Z OCSI-partZ, n +OCRC,CSI-pan2,N 6 MRB 6 Nsc,clrl 6 Nsymb-UCI _[ OACK + OSR + Z OCSI-panl n + OCRC,CSI-panl /[ Qm 6r ]] 6 Qm or
n=1 n=1
and
N ggﬁ;:ifl Nl
. PUCCH ; nrRB  ; nyPUCCH C ol .
z OCSI—parIZ ,n + OCRC,CSI-parlZ,N +1 6 MRB ¢N scctrl tN symb-UCI - " O ACK + OSR + Z OCSI-par[l ,n + OCRC,CSI-parIl / ‘ Qm or H 6 Qm or
n=1 n=1

reported
the UE selects the first ~ CSHpa2  Part 2 CSI reports, according to respective priority value(s) [6, TS
total
38.214], for transmission together with the HARQ-ACK, SR and “'CS!'  Part 1 CSI reports , where

OCSI—PHITL” is the number of Part 1 CSI report bits for the Mo st report and OCSI-PHITQ," is the
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number of Part 2 CSI report bits for the Mo cs1 report priority value, OCRC,CSI-partZ,N is a number of
reported
CSl-pari2

OCSI-partZ,n O

CRC bits corresponding to ~ r=1 ,and ~ CRCCSLpart N+1  js a number of CRC bits corresponding

reported
N CSl-part2 +

to =l

CSl-part2,n

reported total
- else, the UE drops all Part 2 CSI reports and selects ~ CSlpatl  Part 1 CSI report(s), from the ~'CSI  CSI
reports in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR
reported
information bits where the value of NCSI—PHIﬂ satisfies
reported

CSkpartl

. 2 rPUCCH ; n/RB  + nPUCCH : A
OpcxtOg Z OCSI-partl,n+OCRC,CSI-part1,N Myg™ 0N @ g ¢ Ny ¢ Q01
n=1 and
Nreponed+1
N . 2 PUCCH : nRB  + n;PUCCH ; ~
OpcxtOsp * Z OCSI-partl,n+ OCRC,CSI—partl,N+1 My 6N g ON Gy yer ¢ Q,or
n=1 , where
Nreponed
0 OACK+OSR+ Z OCSI—panl,n
CRCCSIparth, N js a number of CRC bits corresponding to n=1 UCI bits, and
Nreponed+1
0 OpcktOp* Z OCSl-partl,n
CRCCS-partl, N+1  js a number of CRC bits corresponding to n=1 UCI bits.

Table 9.2.5.2-1: Coderate ' corresponding to value of maxCodeRate

maxCodeRat Code rate
e r

0.08
0.15
0.25
0.35
0.45
0.60
0.80

Reserved

~N|O|O|BR|WIN|F|O

9.2.6 PUCCH repetition procedure

Tepeat
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, PUCCH | for repetitions of a PUCCH
transmission by respective nrofSlots.

repeat
For NPUCCH > 1

repeat
- the UE repeats the PUCCH transmission with the UCI over “PUCCH  s]ots

repeat
- aPUCCH transmission in each of the Noucen slots has a same number of consecutive symbols, as provided by

nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4

Tepeat
- a PUCCH transmission in each of the Nocen slots has a same first symbol, as provided by

startingSymbollndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in
PUCCH-format4
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- 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 a first PRB, provided by startingPRB, in slots with even
number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The

slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the
Nrepeal

UE transmits the PUCCH in “'PUCCH  glots 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
a slot

- 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 slot

If the UE determines that, for a PUCCH transmission in a slot, 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 slot.

A SS/PBCH block symbol is a symbol indicated to a UE by ssb-PositionsInBurst in SystemInformationBlockTypel or
ssb-PositionsInBurst in ServingCellConfigCommon.

Tepeat
For unpaired spectrum, the UE determines the “PUCCH  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, as described 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

- 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 nrofsymbols in
PUCCH-formatl, or in PUCCH-format3, or in PUCCH-format4

repeat Tepeat
For paired spectrum, the UE determines the “PUCCH  slots for a PUCCH transmission as the “PUCCH  consecutive
slots starting from a slot indicated to the UE as described in Subclause 9.2.3.

repeat
If a UE would transmit a PUCCH over a first number N PUCCH>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 conditions in 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.

repeat
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over puccr> 1 slots. If a UE

would transmit a first 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 the number of
slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority

- the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI
type with same priority

- if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the
PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot

- if the first PUCCH and any of the second PUCCHs 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 PUCCHs that
include the UCI type with lower priority
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A UE does not expect a PUCCH that is in 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.

Tepeat
If a UE would transmit a PUCCH over ~PUCCH  slots and the UE does not transmit the PUCCH in a slot from the
Tepeat
Novicen slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number
Tepeat
of Npvce slots.

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 CSI reports in 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
BHARQ—ACK BCSI-l BCSI-2

transmission from the UE, the UE applies the Foffset , offset and Foffset  values that are configured by

higher layers for the corresponding HARQ-ACK information, Part 1 CSI reports and Part 2 CSI reports.

HARQ-ACK
Pofise are configured to values according to Table 9.3-1. The betaOffsetACK-
HARQ-ACK IHARQ—ACK

HARQ-ACK information offsets

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes offset0 offset,1
HARQ-ACK
and IOffSEt,? 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.

CSI-1 CSI-2
Part 1 CSI report and Part 2 CSI report offsets Boftse and Boftse , Tespectively, are configured to values

according to Table 9.3-2. The betaOffsetCSI-Part1-Index1 and betaOffsetCSI-Part2-Index1 respectively provide
CSI1 CSI-2

indexes ~offset0  and IOffSELO for the UE to use if the UE multiplexes up to 11 bits for Part 1 CSI reports or Part 2
CSI reports in the PUSCH. The betaOffsetCSI-Part1-Index2 and betaOffsetCSI-Part2-Index2 respectively provide

CSI1 CSI-2
indexes “offsetl  or IOffSELl for the UE to use if the UE multiplexes more than 11 bits for Part 1 CSI reports or Part 2
CSI reports in the PUSCH.

If a DCI 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,

HARQ-ACK
betaOffsetACK-Index2, betaOffsetACK-Index3} a set of four  ~offset indexes, by each of {betaOffsetCSI-Part1-
CSk-1
Index1, betaOffsetCSI-Part1-Index2} a set of four “offset  indexes and by each of {betaOffsetCSI-Part2-Index1,

CSI-2
betaOffsetCSI-Part2-Index2} a set of four “offset  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
HARQ-ACK CSI-1 CSI-2

beta_offset indicator field indicates a  ~ offset value,a “offset valueanda “offst  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

IHARQ—ACK IHARQ—ACK
offset,0 or offset, 1 or HARQ-ACK
IHARQ—ACK B offset
offset,2

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

3GPP



Release 15

75

3GPP TS 38.213 V15.4.0 (2018-12)

Table 9.3-2: Mapping of beta_offset values for CSI and the index signalled by higher layers

limo o Lo logmo | BSH
Lo o
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

[HARQ-ACK [HARQ-ACK [HARQ-ACK Ok ICSI-Z
i L ( offset,0 or offsetl or - offset2 ) ( offset0 or  offset,0 ) (
beta_offset indicatorn ICSI-I ICSI-Z
offset,] o offset,1 )
'00' 1% 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 a slot

- If the UE has received ssb-PositionsInBurst in SystemInformationBlockTypel and has not received ssb-
PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH
candidates in a Type0-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 ssb-PositionsInBurst in
SystemInformationBlockTypel, the UE is not required to monitor the PDCCH candidate.

- If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not
monitor PDCCH candidates in a Type0-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 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 a PDCCH candidate on the serving cell overlaps with at least one RE of Ite-CRS-
ToMatchAround, the UE is not required to monitor the PDCCH candidate.

If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells, the UE includes in
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 the UE is configured for carrier
aggregation operation over more than 4 cells, the UE does not expect to monitor per slot a number of PDCCH
candidates that is larger than the maximum number.

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
be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
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- 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 searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for
a DCI format with CRC scrambled by a SI-RNTT 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 a RA-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-RNTT 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-RNTIL, SFI-RNTIL, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-
SRS-RNTT and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and

- a USS 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 a DL BWP, if a UE is not provided searchSpace-SIB1 for Type0-PDCCH CSS set by PDCCH-ConfigCommon, the
UE does not monitor PDCCH candidates for a TypeO-PDCCH CSS set on the DL BWP. The Type0-PDCCH CSS set is
defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level given in Table
10.1-1. If the active DL BWP and the initial DL BWP have same SCS and same CP length and the active DL BWP
includes all RBs of the initial DL. BWP, or the active DL BWP is the initial DL BWP, the CORESET configured for
Type0-PDCCH CSS set has CORESET index 0 and the TypeO-PDCCH CSS set has search space set index 0.

For a DL BWP, if a UE is not provided a CORESET for TypeOA-PDCCH CSS set, the corresponding CORESET is
same as the CORESET for Type0O-PDCCH CSS set. For a DL BWP, if the UE is not provided
searchSpaceOtherSystemInformation 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 given in Table 10.1-1.

For a DL BWP and a Typel-PDCCH CSS set, a UE is provided a configuration for a search space by ra-SearchSpace. If
a UE is not provided by higher layers a CORESET for Type1-PDCCH CSS set on the DL. BWP, the CORESET for
Typel-PDCCH CSS set is same as the CORESET for Type0-PDCCH CSS set. If the UE has not been provided a
Type3-PDCCH CSS set or a USS set and the UE has received a C-RNT1, the UE monitors PDCCH candidates for DCI
format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTT in the Typel-PDCCH CSS set.

For a DL BWP, if a UE is not provided a CORESET for Type2-PDCCH CSS set, the corresponding CORESET is same
as the CORESET for Type0O-PDCCH CSS set on the DL BWP. If a UE 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 a UE is provided a zero value for searchSpaceID 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. For DCI formats with CRC scrambled by a C-RNTT, the UE monitors corresponding PDCCH candidates
only at monitoring occasions associated with a SS/PBCH block that is quasi-co-located with a CSI-RS in a TCI-state of
the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state is
determined by the most recent of

- an indication by a MAC CE activation command, or

- arandom access procedure that is not initiated by a PDCCH order that triggers a non-contention based random
access procedure

If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTTI and the UE is provided a non-
zero value for searchSpacelD 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-ConfigSIB1 in MIB and for corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi
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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 is the cell ID. A SCS is
provided by subCarrierSpacingCommon in MIB.

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not expect to
monitor a PDCCH in a Type0/0A/2/3-PDCCH CSS set or in a USS set if a DM-RS for monitoring a PDCCH in a
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 monitors in a Type1l-PDCCH CSS set or with an associated PDSCH.

If a UE is configured with one or more downlink bandwidth parts (BWPs), as described in Subclause 12, the UE can be
configured with PDCCH-ConfigCommon and PDCCH-Config for each configured DL BWP on the primary cell, other
than the initial DL. BWP, as described in Subclause 12.

If a UE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIBI1,
searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and

- a C-RNTI, an MCS-C-RNTI, or a CS-RNTIT,

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 sets in a slot where the UE monitors PDCCH
candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTT.

If a UE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config,
and

- aSI-RNTI, a P-RNTI, a RA-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or
a TPC-SRS-RNTI

then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI
format with CRC scrambled with the RNTT per slot.

Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE
aggregation level for CSS sets configured by searchSpace-SiB1

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

CORESETs. For each CORESET, the UE is provided the following by ControlResourceSet:

- aCORESETindex P |, 05P< 12 , by controlResourceSetId;
- a DM-RS scrambling sequence initialization value by pdcch-DMRS-ScramblingID;

- 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 frequencyDomainResources;
- CCE-to-REG mapping parameters provided by cce-REG-MappingType;

- an antenna port 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 a respective CORESET;
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- an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_1
transmitted by a PDCCH in CORESET P | by TCI-PresentInDCI.

When precoderGranularity = 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 a CORESET to overlap with any RE determined from Ite-CRS-ToMatchAround or with any RE of a
SS/PBCH block.

For each CORESET in a DL BWP of a serving cell, a respective frequencyDomainResources 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
start

BWP

of the PRB index in the DL. BWP bandwidth of Nrg PRBs with starting common RB position ~'BW?  where the
start

first common RB of the first group of 6 PRBs has common RB index 6'[NBWP/6] .
For a CORESET other than a CORESET with index 0, if a UE has not been provided with a configuration of TCI
state(s) by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET, or has received initial
configuration of more than one TCI states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-
ToReleaseList 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 receptions is quasi co-located with the
SS/PBCH block the UE identified during the initial access procedure.

For a CORESET with index 0, if a UE has not received a MAC CE activation command for a TCI state, as described in
[11, TS 38.321], the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-
located with a SS/PBCH block the UE identified either during initial access or, if any, from a most recent random access
procedure not initiated by a PDCCH order that triggers a non-contention based random access procedure.

If a UE is provided a single 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
receptions in 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 a CSI-RS in a TCI state indicated by a MAC CE activation
command for the CORESET is provided by a SS/PBCH block

- if the UE receives a MAC CE activation command for one of the TCI states, the UE applies the activation
command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the
activation command. 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 layers with §<10  gsearch space

sets where, for each search space set from the S search space sets, the UE is provided the following by
SearchSpace:

- asearch space set index S | 0<s<40 , by searchSpaceld

- an association between the search space set S and a CORESET P by controlResourceSetId

- a PDCCH monitoring periodicity of ks slots and a PDCCH monitoring offset of 0 slots, by
monitoringSlotPeriodicityAndOffset

- a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH
monitoring, by monitoringSymbolsWithinSlot
f Ts<ks

- aduration o slots indicating a number of slots that the search space set S exists by duration

(L)
- anumber of PDCCH candidates M per CCE aggregation level L by aggregationLevell,
aggregationLevel2, aggregationLevel4, aggregationLevel8, and aggregationLevell6, for CCE aggregation level
1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16,
respectively
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- an indication that search space set $ is either a CSS set or a USS set by searchSpaceType
- if search space set S is a CSS set

- an indication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI
format1 0

- an indication by dci-Format2-0 to monitor one or two PDCCH candidates for DCI format 2_0 and a
corresponding CCE aggregation level

- an indication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
- an indication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
- an indication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3

- if search space set $ is a USS 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 monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCHin 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 a first 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 a same CORESET to be separated by a non-zero number of symbols that 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 a slot. For search space set S , the UE

u
determines that a PDCCH monitoring occasion(s) exists in a slot with number nS:f [4, TS 38.211] in a frame with
nf-Nf“‘me’“+n“ —oS)modkSZO anfm'"e’“+nf,f—o s/modk, =0

slot s,f slot p

n
number | if . The UE monitors

u
PDCCH for search space set S for I consecutive slots, starting from slot Nsf , and does not monitor PDCCH

for search space set S for the next kT, consecutive slots.

[ |
A USS at CCE aggregation level Lel,2,4,8,16] s defined by a set of PDCCH candidates for CCE aggregation
level L

If a UE is configured with CrossCarrierSchedulingConfig for a serving cell the carrier indicator field value corresponds
to the value indicated by CrossCarrierSchedulingConfig.

For an active DL BWP of a serving cell on which a UE monitors PDCCH candidates in 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 candidates in a USS, 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 5 associated with CORESET P | the CCE indexes for aggregation level L

s,

u
corresponding to PDCCH candidate a  of the search space set in slot st for an active DL BWP of a serving

cell corresponding to carrier indicator field value o are given by
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ms,nCI 6 NCCE, p

L-
LM,

+ng, mod\NCCE)p/L] +i

+
I
p.ngg

where

Yy .=
for any CSS, P/
foraUSS, P ( r¢ p,ngrl)mo Y

’ I¢0 ’ Ap:39827 for pm0d3:0
pmod3=1 ~ A,=39839 = pmod3=2 4 D=65537

» 1M A =39829

>

i=0, -, [-1

>

NCCE,P is the number of CCEs, numbered from 0 to NCCE,P_I ,in CORESET P ;

o is the carrier indicator field value if the UE is configured with a carrier indicator field by

CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS,
ne,=0

>

(L) (L)
m,, =0,..., M, -1 M
$:ey S , where $Ma is the number of PDCCH candidates the UE is configured to monitor for

aggregation level L of asearch space set $ for a serving cell corresponding to Lo ;

L) L
Ml =Ml

for any CSS, ;

uY L)

for a USS, smax  js the maximum of ~ *"a  over all configured "o values for a CCE aggregation level L
of search spaceset S ;
the RNTI value used for RNl is the C-RNTL
A UE that
- is configured for operation with carrier aggregation, and

- indicates support of search space sharing through searchSpaceSharingCA-UL or through
searchSpaceSharingCA-DL, and

- has a PDCCH candidate with CCE aggregation level L' in CORESET P foraDCI format 0_1 having a
first size and associated with serving cell Lop! ,

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET

P for a DCI format 0_1 or a DCI format 1_1, respectively, having a second size and associated with serving cell
n . oo .
CL1  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.

m .
A PDCCH candidate with index  ‘"a for a search space set SJ using a set of CCEs ina CORESET P on the
active DL BWP for serving cell e is not counted as a monitored PDCCH candidate if there is a PDCCH candidate

m §.<§. n
with index %" for a search space set i j , or if there is a PDCCH candidate with index *"o and
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n <m
SpMa Si"a | inthe CORESET P on the active DL BWP for serving cell "o using a same set of CCEs, the
PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a

m
same size; otherwise, the PDCCH candidate with index ‘"o is counted as a monitored PDCCH candidate.

Mmax,slot, i

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, PDCCH | for a DL BWP with SCS

configuration H  for a UE per slot for operation with a single serving cell.

max,slot, i
Table 10.1-2: Maximum number PDCCH  of monitored PDCCH candidates per slot for a DL BWP

[ \
with SCS configuration HE0,1,23) fora single serving cell

Maximum number of monitored PDCCH candidates per slot and per serving cell

max,slot,
M PDCCH

44
36
22
20

wnklo] =

Cmax,slot,u
PDCCH | for a DL BWP with SCS

configuration H  that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a
single serving cell.

Table 10.1-3 provides the maximum number of non-overlapped CCEs,

CCE:s for PDCCH candidates are non-overlapped if they correspond to

- different CORESET indexes, or

- different first symbols for the reception of the respective PDCCH candidates.

max,slot, j

Table 10.1-3: Maximum number Cencen of non-overlapped CCEs per slot for a DL BWP with SCS
\' |
configuration pe 0,123 fora single serving cell

Maximum number of non-overlapped CCEs per slot and per serving cell
Cmax,slot,u
PDCCH
56
56
48
32

wN|(R|lo] &=

If a UE

- is capable for operation with carrier aggregation with a maximum of 4 downlink cells or indicates through
Ncap > 4

pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for ~ cels="  downlink cells, and
DL,y
- is configured with “'cls  downlink cells with DL BWPs having SCS configuration H  where
3 3
DL, DL,
Z Ncellsu <4 Z NcellsyS Nziﬁs
p=0 or #=0 , respectively,

total,slot, jt __ 4 ymaxslot,
M H H

the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than PDCCH ™ * PDCCH

total,slot,yt __ ~max,slot,
C H H

PDCCH candidates or more than ~PDCCH —~PDCCH  non-overlapped CCEs per slot for each scheduled cell.

If a UE
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cap
- indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for s> 4 downlink
cells, and
DL, u
- is configured with “'cells  downlink cells with DL BWPs having SCS configuration H , where
3
DL,u cap
z N cells >N cells
p=0 , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of

a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell

3
total,slot, ji | nrcap |y smaxslot,u pyDL,p Z DL,j
MPDCCH - Ncells MPDCCH Ncells / Ncells
j=0

the UE is not required to monitor more than PDCCH candidates or

3
total,slot,p | nycap | ~max,slot, u nrDL, Z DL, j
CPDCCH =|N cells CPDCCH N cells / N cells
j=0

more than non-overlapped CCEs per slot on the active DL BWP(s) of

DL, u
scheduling cell(s) from the “'cells  downlink cells.

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration H  of the

: Jslot, total,slot, u : max,slot, it ~total,slot, i
. min | Mok ety . min| CREsoLk Cloor
scheduling cell more than \"" PDCCH >"PDCCH PDCCH candidates or more than \""PDCCH >~ PDCCH

non-overlapped CCEs per slot.

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 slot 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 H | a UE does not expect a number of PDCCH candidates, and a number of
corresponding non-overlapped CCEs per slot 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 monitored PDCCH candidates and the number of non-overlapped CCEs per
slot are separately counted for each scheduled cell.

For all search space sets within aslot 7 | denote by Ses a set of CSS sets with cardinality of Iy and by Sus

a set of USS sets with cardinality of T . The location of USS sets Si , 0=j<J s ,in Sus is according to

an ascending order of the search space set index.
(1) 0<i<l )
Denoteby sl | V=IS{cess | the number of configured PDCCH candidates for CSS set Sesli) and by
(0
Mg o<j<d

uss

, the number of configured PDCCH candidates for USS set SusslJ)
ICS>71
Meen= 2, 2 M5, co
i=0 L

For the CSS sets, a UE monitors ' PDCCH candidates requiring a total of ~~PDCCH  non-

overlapping CCE:s in a slot.
The UE allocates monitored PDCCH candidates to USS sets for the primary cell having an active DL. BWP with SCS

configuration H inslot ™  according to the following pseudocode. A UE does not expect to monitor PDCCH in
a USS set without monitored PDCCH candidates.

Denote by VCCE(SUSS(] )) the set of non-overlapping CCEs for search space set SusslJ] and by C[VCCE(SUSS(J )))

the cardinality of VCCE(S“SS(} )) where the non-overlapping CCEs for search space set Suss(j ) are determined
considering the monitored PDCCH candidates for the CSS sets and the monitored PDCCH candidates for all search

space sets SUSS(k) , 0 SkSJ
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uss o max,slot, i total,slot, | _ p ress
st Mppcen=min ( Mppcer™ s Mpcen™ |~ Meppecn
uss S max,slot, i ~total,slot,pt | _ ~css
Set CPDCCH_mm(CPDCCH »Concen” |~ Concen

sec j=0

(’(’(’(’(’MPDCCH() AND C[VCCE(Suss(j))JSCESSCCH

GLGGLOG S ( )
allocate monitored PDCCH candidates to USS set  “uss\J

G GG G4

C;?;CCH = C;]S)SCCH -C (VCCE ( Suss ( J))]

j=j+1
end while
If a UE
- is configured 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 that have
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 CORESETs having same
QCL-TypeD properties as the CORESET, on the active DL. BWP of a cell with the lowest index from the one or more
cells that corresponds to the CSS set with the lowest index, if any; otherwise, to the USS set with the lowest index

- the lowest 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

- for the purpose of determining the CORESET, a first CSI-RS associated with a SS/PBCH block in a first cell and
a second CSI-RS in a second cell that is also associated with the SS/PBCH block are assumed to have same
QCL-TypeD properties

- the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all
search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells

- the number of active TCI states is determined from the multiple CORESETSs
If a UE
- is configured 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 CORESETs where none
of the CORESETSs has TClI-states with 'QCL-TypeD',

the UE is required to monitor PDCCH candidates in overlapping PDCCH monitoring occasions for search space sets
associated with different CORESETs.
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For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats 1_0 or 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 PDCCHs 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.

@p
If a UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for Nes24
NP >4 N >4
downlink cells and the UE is configured with cells downlink cells or cells uplink cells, the UE

16:No

expects to have respectively received at most cls  PDCCHs for

- DCI formats 1_0 or 1_1 with CRC scrambled by a C-RNTI, or a CS-RNT1I, or a MCS-RNTI scheduling

16‘N$ﬁ$ PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all
NCDG%lS downlink cells
- DCI formats 0_0 or 0_1 with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-RNTI scheduling
16‘NE255 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over
all NEE%]S uplink cells

If a UE

- is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set
and a second PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a USS 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 receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and
- the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and

- the DCI formats 0_0/1_0 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.
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 formats 0_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 G , the
UE does not expect to monitor PDCCH on serving cell ! if the PDCCH overlaps in time with SRS transmission
(including any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell ! and if

. . . o . o ) c
the UE is not capable of simultaneous reception and transmission on serving cell ! and serving cell 2

If a UE is provided resourceblocks and symbolsInResourceBlock in RateMatchPattern, or if the UE is additionally
provided periodicityAndPattern in RateMatchPattern, the UE can determine a set of RBs in symbols of a slot that are
not available for PDSCH reception as described in [6, TS 38.214]. If a PDCCH candidate in a slot is mapped to one or
more subcarriers that overlap with subcarriers of any RB in the set of RBs in symbols of the slot, the UE does not
expect to monitor the PDCCH candidate.
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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 a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
- the new data indicator field for the enabled transport block is set to '0'.

Validation of the DCI format is achieved if all 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 a valid 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 DCI format1 0 DCl format1 1
HARQ process number set to all '0O's set to all '0's set to all '0's
Redundancy version set to '00' set to '00' For the enasbé?(tjotfggls port block:

Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation

DCI format 0_0 DCI format1 0
HARQ process number setto all '0's setto all '0's
Redundancy version set to ‘00’ set to '00'
Modulation and coding scheme setto all '1's settoall'l's
Frequency c_iomaln resource setto all '1'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 for15kHz, N=12 for30kHz, N=22 for60kHz,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=5.5 for30 kHz, and N=11" for 60 kHz.

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 slot format includes downlink symbols, uplink symbols, and flexible symbols.
The following are applicable for each serving cell.

If a UE is provided TDD-UL-DL-ConfigurationCommon, the UE sets the slot format per slot over a number of slots as
indicated by TDD-UL-DL-ConfigurationCommon.

The TDD-UL-DL-ConfigurationCommon provides
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- areference SCS configuration Hret by referenceSubcarrierSpacing
- apatternl.

The patternl provides

a slot configuration period of P msec by dI-UL-TransmissionPeriodicity
- anumber of slots dslols with only downlink symbols by nrofDownlinkSlots
- anumber of downlink symbols dsym by nrofDownlinkSymbols

- anumber of slots Yot with only uplink symbols by nrofUplinkSlots

- anumber of uplink symbols usym by nrofUplinkSymbols

— Hreg =43 - Hreg=b2
Avalue P=0.625  mgec is valid only for s . Avalue P=1.25 msecis valid only for ) or
Hye=03

— Href =01 Hief =02 Hrer =03
3 . A value P=25 f p %

msec is valid only for & , or 1A , or é

. . . P . S — P 2“ ref . . . ll f
A slot configuration period of msec includes slots with SCS configuration "ref . From the
S slots, afirst sl slots include only downlink symbols and a last U slots include only uplink symbols.

The dsym symbols after the first dSlOtS slots are dgn/gliﬂk symbols. The uSYm symbols before the last Utors

slots are uplink symbols. The remaining are flexible symbols.

The first symbol every 20/P periods is a first symbol in an even frame.

If TDD-UL-DL-ConfigurationCommon provides both pattern1 and pattern2, the UE sets the slot format per slot over a
first number of slots as indicated by patternl and the UE sets the slot format per slot over a second number of slots as
indicated by pattern2.

The pattern2 provides

- aslot configuration period of P, msec by dI-UL-TransmissionPeriodicity
d : . :
- anumber of slots sos2  with only downlink symbols by nrofDownlinkSlots
. d :
- anumber of downlink symbols “$ym by nrofDownlinkSymbols
- anumber of slots uSlOtSQ with only uplink symbols by nrofUplinkSlots

- anumber of uplink symbols uSYHL? by nrofUplinkSymbols

The applicable values of P, are same as the applicable values for p

ref

Hre =p..o"
A slot configuration period of P+P,  hsecincludes first S=P-2"™  slots and second 2= P22 slots.

From the 5, slots, a first ~ ss2  slots include only downlink symbols and a last u510t5:2 include only uplink

symbols. The dSYTHJZ symbols after the first d510[5,2 slots are

downlink symbols. The uSYHL? symbols before the

last uSlOtS,Z slots are uplink symbols. The remaining are flexible symbols.
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P+P

A UE expects that 2 divides 20 msec.

20/(P+P,)

The first symbol every periods is a first symbol in an even frame.

A UE expects that the reference SCS configuration Href s smaller than or equal to a SCS configuration H  for

(K= by .
any configured DL BWP or UL BWP. Each slot provided by pattern1 or pattern2 is applicable to 2 " consecutive

slots in the active DL BWP or the active UL BWP where the first slot starts at a same time as a first slot for the

reference SCS configuration Href  and each downlink or flexible or uplink symbol for the reference SCS

(B Hgg)

configuration Hret corresponds to 2 consecutive downlink or flexible or uplink symbols for the SCS

configuration H

If the UE is additionally provided TDD-UL-DL-ConfigDedicated, the parameter TDD-UL-DL-ConfigDedicated
overrides only flexible symbols per slot over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.

The TDD-UL-DL-ConfigDedicated provides
- aset of slot configurations by slotSpecificConfigurationsToAddModList
- for each slot configuration from the set of slot configurations
- aslot index for a slot provided by slotIndex
- aset of symbols for a slot by symbols where
- if symbols = allDownlink, all symbols in the slot are downlink
- if symbols = allUplink, all symbols in the slot are uplink

- if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot and
nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not
provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are
no uplink last symbols in the slot. The remaining symbols in the slot are flexible

For each slot having a corresponding index provided by slotIndex, the UE applies a format provided by a corresponding
symbols. The UE does not expect TDD-UL-DL-ConfigDedicated 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 slot configuration provided by TDD-UL-DL-ConfigDedicated, a reference SCS configuration is the reference

SCS configuration Hret provided by TDD-UL-DL-ConfigurationCommon.

A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the
slot configuration period are determined from TDD-UL-DL-ConfigurationCommonTDD and TDD-UL-DL-
ConfigDedicated and are common to each configured BWP.

A UE considers symbols in a slot indicated as downlink by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-
ConfigDedicated to be available for receptions and considers symbols in a slot indicated as uplink by TDD-UL-DL-
ConfigurationCommon, or by TDD-UL-DL-ConfigDedicated to be available for transmissions.

If a UE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a slot that are indicated as
flexible by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated, or when TDD-UL-DL-
ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE

- the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding
indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1

- the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a
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

If a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in 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
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a SRS in 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 slot.

If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot
and the UE detects a 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 subset of symbols that occur, relative to a
last 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 a number of symbols that is smaller than the PUSCH preparation time Tproc,Z for the corresponding

UE processing capability [6, TS 38.214] assuming 921~

- 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 PUSCH preparation time throughout Subclause 11.1 is as described in [6, TS 38.214].

For a set of symbols of a slot that are indicated to a UE as uplink by TDD-UL-DL-ConfigurationCommon, or TDD-UL-
DL-ConfigDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS in the set of symbols of the slot.

For a set of symbols of a slot that are indicated to a UE as downlink by TDD-UL-DL-ConfigurationCommon, or TDD-
UL-DL-ConfigDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot.

For a set of symbols of a slot that are indicated to a UE as flexible by TDD-UL-DL-ConfigurationCommon, or TDD-
UL-DL-ConfigDedicated, the UE does not expect to receive both dedicated configuring transmission from the UE in the
set of symbols of the slot and dedicated configuring reception by the UE in the set of symbols of the slot.

For a set of symbols of a slot that are indicated to a UE by ssb-PositionsInBurst in SystemInformationBlockTypel or
ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit
PUSCH, PUCCH, PRACH in the slot 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 slot to be
indicated as uplink by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the
UE.

For a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap symbols before the valid PRACH
occasion, as described in Sublcause 8.1, the UE does not receive PDCCH for Typel-PDCCH CSS set, PDSCH, or CSI-
RS in the slot if a reception 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-
ConfigDedicated.

For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS
set, the UE does not expect the set of symbols to be indicated as uplink by TDD-UL-DL-ConfigurationCommon, or
TDD-UL-DL-ConfigDedicated.

If a UE is scheduled by a DCI format 1_1 to receive PDSCH over multiple slots, and if TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, indicate that, for a slot from the multiple slots, at least one
symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does
not receive the PDSCH in the slot.

If a UE is scheduled by a DCI format 0_1 to transmit PUSCH over multiple slots, and if TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, indicates that, for a slot from the multiple slots, at least one
symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot 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 is included in a set of serving cells configured to a UE by
slotFormatCombToAddModList and slotFormatCombToReleaseList.

If a UE is configured by higher layers with parameter SlotFormatIndicator, the UE is provided a SFI-RNTI by sfi-RNTI
and with a payload size of DCI format 2_0 by dci-PayloadSize.
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The UE is also provided in one or more serving cells with a configuration for a search spaceset S anda
(LSFI)
corresponding CORESET P for monitoring p.s  PDCCH candidates for DCI format 2_0 with a CCE

(LSFI)
aggregation level of Ly CCEs as described in Subclause 10.1. The MP,s PDCCH candidates are the first

(LSFI)
Mp,s PDCCH candidates for CCE aggregation level Len for search space set S in CORESET P

For each serving cell in the set of serving cells, the UE can be provided:
- an identity of the serving cell by servingCellld
- alocation of a SFI-index field in DCI format 2_0 by positionInDCI

- aset of slot format combinations by slotFormatCombinations, where each slot format combination in the set of
slot 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 SFI-index field value
in DCI format 2_0 provided by slotFormatCombinationld

- for unpaired spectrum operation, a reference SCS configuration Hsr by subcarrierSpacing and, when a

supplementary UL carrier is configured for the serving cell, a reference SCS configuration HsersuL by
subcarrierSpacing?2 for the supplementary UL carrier

- for paired spectrum operation, a reference SCS configuration Hsgr pr for a DL BWP by subcarrierSpacing and

a reference SCS configuration HSPLUL  for an UL BWP by subcarrierSpacing2

A SFI-index field value in a DCI format 2_0 indicates to a UE a slot 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 slots is equal
to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes

[ ‘ i |
max| [logz[maxSFllndeX +1], 1J bits where maxSFIlindex is the maximum value of the values provided by

corresponding slotFormatCombinationld. A slot format is identified 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 a PDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set S by
monitoringSlotPeriodicityAndOffset, 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 SFI-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 formats 2_0 to
indicate a same format for the slot.

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
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrierSpacing a reference SCS
configuration Hser for each slot format in a combination of slot formats indicated by a SFI-index field value in DCI
format 2_0. The UE expects that for a reference SCS configuration Hser and for an active DL BWP or an active UL

>
BWP with SCS configuration H | itis H=Hser  Each slot format in the combination of slot formats indicated by

2( H= Hgpy)

the SFI-index field value in DCI format 2_0 is applicable to consecutive slots in the active DL BWP or the

active UL BWP where the first slot starts at a same time as a first slot for the reference SCS configuration Hser  and

(1= SFI)
each downlink or flexible or uplink symbol for the reference SCS configuration Hser corresponds to 2 g

consecutive downlink or flexible or uplink symbols for the SCS configuration H

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of slot formats that includes a combination of slot formats for a reference DL. BWP and a combination of slot formats
for a reference UL BWP of the serving cell. The UE is provided by subcarrierSpacing a reference SCS configuration

HSoL  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 subcarrierSpacing2 a reference SCS configuration seLuL for
the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of

> (Hspr o~ Hspy ut)
the serving cell. If Hsr, pL=Hsr, ur and foreach 2™ ""U+1 yalyes provided by a value of slotFormats,

where the value of slotFormats is determined by a value of slotFormatCombinationld in slotFormatCombination and
the value of slotFormatCombinationld is set by the value of the SFI-index field value in DCI format 2_0, the first

(Hsgr o= Fepr ur)
2700 BRI 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 HseLpLSHSFL UL and for each 2" ""™+1  values provided by
slotFormats, the first value for the combination of slot formats is applicable to the reference DL. BWP and the next
(Hspr ur=Hspr o)
2 SFI, UL F'SFI, DL

values are applicable to the reference UL BWP.

The UE is provided a reference SCS configuration HSDL 5o that for an active DL BWP with SCS configuration
>
Mo itis PoL=HseLDL . The UE is provided a reference SCS configuration Hs,uL 5o that for an active UL

>
BWP with SCS configuration Hor , itis HuL=Hse,uL  Each slot format for a combination of slot formats
indicated by the SFI-index field value in DCI format 2_0 for the reference DL. BWP, by indicating a value for
slotFormatCombinationld that is mapped to a value of slotFormats in slotFormatCombination, is applicable to
(Hp— )
2ol onsecutive slots for the active DL BWP where the first slot starts at a same time as a first slot in the
reference DL BWP and each downlink or flexible symbol for the reference SCS configuration Hser, oL corresponds to

(Mo, —=Hspr pr)
2ol o nsecutive downlink or flexible symbols for the SCS configuration FoL . Each slot format for the

(b= Hsp, o)
combination of slot formats for the reference UL BWP is applicableto 2~ ™" consecutive slots for the active UL

BWP where the first slot starts at a same time as a first slot in the reference UL BWP and each uplink or flexible symbol

( HyL~Hs, w)

for the reference SCS configuration Hsp, v corresponds to 2 consecutive uplink or flexible symbols for

the SCS configuration Hu

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFI-index field value in DCI
format 2_0 indicates a combination of slot formats that includes a combination of slot formats for a reference first UL
carrier of the serving cell and a combination of slot formats for a reference second UL carrier of the serving cell. The

UE is provided by subcarrierSpacing a reference SCS configuration Hser  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 subcarrierSpacing2 a reference SCS configuration KsesuL  for the combination of slot formats indicated
by the SFI-index field value in DCI format 2_0 for the reference second UL carrier of the serving cell. For each

2( Hspr~Hspr, SUL)+1 2( Hsg~Hsgr sur)

values of slotFormats, the first 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.
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The UE expects to be provided a reference SCS configuration s st so that for an active UL BWP in the second UL

>
carrier with SCS configuration PsuL | itis HsuL=Hse, SUL . Each slot format for a combination of slot formats

(n- SFI)
indicated by the SFI-index field in DCI format 2_0 for the reference first UL carrier is applicable to 2 o

consecutive slots for the active DL BWP and the active UL BWP in the first UL carrier where the first slot starts at a
same time as a first slot in the reference first UL carrier. Each slot format for the combination of slot formats for the

(HgyL— H )
reference second UL carrier is applicable to 2" """ consecutive slots for the active UL BWP in the second UL

carrier where the first slot starts at a same time as a first slot in the reference second UL carrier.

. . . . R . Hspr =60 Hsp =01
If a BWP in the serving cell is configured with = ¢  and with extended CP, the UE expects b , 3 s
Hep =62
or % . A format for a slot with extended CP is determined from a format for a slot 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 symbols is flexible. A UE determines an extended CP symbol to be a flexible symbol
if the pair of the overlapping normal CP symbols includes a downlink and an uplink symbol.

A reference SCS configuration Hser , Or H SELDL | or Hsr, ot , Or Fsesut is either 0, or 1, or 2 for FR1 and is
either 2 or 3 for FR2.

For a set of symbols of a slot, 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 a DCI format 1_0, a DCI 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 slot.

For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating
the set of symbols in 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 a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set
of symbols of the slot.

For a set of symbols of a slot that are indicated as downlink/uplink by TDD-UL-DL-ConfigurationCommon, or TDD-
UL-DL-ConfigDedicated, 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 a slot indicated to a UE by ssb-PositionsInBurst in SystemInformationBlockTypel or ssb-
PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks, 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 a slot indicated to a UE by prach-ConfigurationIndex in RACH-ConfigCommon for PRACH
transmissions, 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 downlink.

For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-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 a slot indicated to a UE as flexible by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-
ConfigDedicated, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to
the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255

- if one or more symbols from the set of symbols are symbols in 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 slot as flexible and the UE
detects a DCI format 1_0, DCI format 1_1, or DCI format 0_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 SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE
detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR 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 SRS in the set of symbols of the slot
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- if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot 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 a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of
symbols of the slot, the UE does not transmit or receive in the set of symbols of the slot

- if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE
receives the PDSCH or the CSI-RS in 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 layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the
slot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field value in
DCI format 2_0 indicates the set of symbols of the slot as uplink

- if the UE is configured by higher layers to transmit SRS in the set of symbols of the slot, the UE transmits the
SRS only in a subset of symbols from the set of symbols of the slot indicated as uplink symbols by an SFI-index
field value in DCI format 2_0

- a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the
slot 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 a RAR 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 slot

- a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the
slot as downlink or flexible if 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

- a UE does not expect to detect an SFI-index field value in 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-RS in one or more symbols from the set of symbols of the slot

If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects
a DCI format 2_0 with a slot 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 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 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 slot or cancels the PDSCH
reception in the slot.

If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot
and the UE detects a DCI format 2_0 with a slot 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 detects a 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 subset of symbols that occur, relative to a
last 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 symbols that is smaller than the PUSCH preparation time T2
for the corresponding PUSCH processing capability [6, TS 38.214]

- 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 PUSCH preparation time throughout Subclause 11.1.1 is as described in [6, TS 38.214].

A UE assumes that flexible symbols in 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 slot 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 a slot that are indicated as flexible by TDD-UL-DL-ConfigurationCommon, and TDD-UL-DL-
ConfigDedicated, or when TDD-UL-DL-ConfigurationCommon, and TDD-UL-DL-ConfigDedicated are not provided to
the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot

- the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding
indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1
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- the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a
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

- the UE receives PDCCH as described in Subclause 10.1

- if the UE is configured by higher layers to 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 layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the slot, the UE

- does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRS in
symbols from the set of symbols in the slot, if any, starting from a symbol that is a number of symbols equal
to the PUSCH preparation time N, for the corresponding PUSCH timing capability after a last symbol of a
CORESET where the UE is configured to monitor PDCCH for DCI format 2_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 symbols in the slot, if any, starting before a symbol that is a number of symbols equal
to the PUSCH preparation time N, for the corresponding PUSCH timing capability after a last symbol of a
CORESET where the UE is configured to monitor PDCCH for DCI format 2_0

For unpaired spectrum operation for a UE on a cell in a frequency 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 a UE 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-ConfigurationPerServingCell that includes a set of serving cell indexes provided by
corresponding servingCellld and a corresponding set of locations for fields in DCI format 2_1 by positionInDCI

- an information payload size for DCI format 2_1 by dci-PayloadSize
- an indication granularity for time-frequency resources by timeFrequencySet

If a UE detects a 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 symbols that 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 PRBs is equal to the active DL BWP as defined in Subclause 12 and includes By PRBs.

If a UE detects a DCI format 2_1 in a PDCCH transmitted in a CORESET in a slot, the set of symbols is the last

slot
Ny T symbols prior to the first symbol of the CORESET in the slot where Tine is the PDCCH

monitoring periodicity provided by the value of monitoringSlotPeriodicityAndOffset, as described in Subclause 10.1,
slot

symb s the number of symbols per slot, H is the SCS configuration for a serving cell with mapping to a

respective field in the DCI format 2_1, PNt is the 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, symbols indicated as

. . . NS]Ot T .ZF_FINT .
uplink by TDD-UL-DL-ConfigurationCommon are excluded from the last symb © INT 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

H—p
_2 INT

INT
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The UE does not expect to be provided values of H | Mt and Tine resulting to a value of
Nslot T _2“_“INT
symb ~ INT that is not an integer. The UE does not expect to be configured by monitoringSymbolsWithinSlot
with more than one PDCCH monitoring occasion for DCI format 2_1 in a slot.

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 a field 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 Ninr—= lN it/ 14J' 14

symbol groups includes
[NINT/M] symbols, each of the last 14=N INT%N / 14]'14 symbol groups includes IN / 14J symbols, a

bit value of 0 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.

INT INT

If the value of timeFrequencySet is 1, 7 pairs of bits of a field in the DCI format 2_1 have a one-to-one mapping with 7

NlNT_lNlNT/7J'7 symbol groups includes [N /7]

symbol groups includes {NINT/ 7J symbols, a first bit in a pair
[BINT /2] PRBs from the set of Binr PRBs, a
second bit in the pair of bits for the symbol group is applicable to the subset of last [B vt/ 2J PRBs from the set of

By PRBs, a bit value of 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

groups of consecutive symbols where each of the first

symbols, each of the last 7_NINT+ININT/7J'7

of bits for a symbol group is applicable to the subset of first

- aTPC-PUCCH-RNTI for a DCI format 2_2 by tpc-PUCCH-RNTI

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to 5PUCCH,b,f .¢ values as described in
Subclause 7.2.1

- an index for a location in DCI format 2_2 of a first 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-IndexPCell

- an index for a location in DCI format 2_2 of a first bit for a TPC command field for the PUCCH-SCell or for a
carrier for the PUCCH-SCell by tpc-IndexPUCCH-Scell

- amapping for the PUCCH power control adjustment state l€0,1 , by a corresponding {0, 1} value of a closed
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 twoDifferentTPC-Loop-PUCCH, and if the UE is
configured for two PUCCH power control adjustment states by twoPUCCH-PC-AdjustmentStates

The UE is also provided on a serving cell 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-PUCCH-
RNTI as described in Subclause 10.1.

For PUSCH transmission on a serving cell, a UE can be provided

- a TPC-PUSCH-RNTI for a DCI format 2_2 by tpc-PUSCH-RNTI

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to 6PUCCH,b,f .¢ values as described in
Subclause 7.1.1

- an index for a location in DCI format 2_2 of a first bit for a TPC command field for an uplink carrier of the
serving cell by tpc-Index

- an index for a location in DCI format 2_2 of a first bit for a TPC command field for a supplementary uplink
carrier of the serving cell by tpc-IndexSUL
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- an index of the serving cell by targetCell. If targetCell is not provided, the serving cell is the cell of the PDCCH
reception for DCI format 2_2

- amapping for the PUSCH power control adjustment state l €0,1 , 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 serving cells where a UE is not configured for PUSCH/PUCCH transmission or for a
serving cell where srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS
transmissions and PUSCH transmissions.

A UE configured by higher layers with parameter SRS-CarrierSwitching is provided
- aTPC-SRS-RNTI for a DCI format 2_3 by tpc-SRS-RNTI

- anindex of a serving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCellIndex

- aDCI format 2_3 field configuration type by typeA or typeB

- for typeA, an index for a set of serving cells is provided by cc-SetIndex, indexes of serving cells in the set of
serving cells are provided by cc-IndexInOneCC-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

- an indication for a serving cell for whether or not a field 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 sets is as provided in [6, TS 38.214]

- an index for a location in DCI format 2_3 of a first bit for a field by startingBitOfFormat2-3

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 a set of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth by
parameter BWP-Downlink and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL
bandwidth by parameter BWP-Uplink.

If a UE is not provided initialDownlinkBWP, an initial active DL BWP is defined by a location 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
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Type0-PDCCH CSS set; otherwise, the initial active DL BWP is provided by initialDownlinkBWP. For operation on the
primary cell or on a secondary cell, a UE is provided an initial active UL BWP by initialuplinkBWP. If the UE is
configured with a supplementary UL carrier, the UE can be provided an initial active UL BWP on the supplementary
UL carrier by initialUplinkBWP in supplementaryUplink.

If a UE has dedicated BWP configuration, the UE can be provided by firstActiveDownlinkBWP-Id a first active DL
BWP for receptions and by firstActiveUplinkBWP-Id a first active UL BWP for transmissions on a carrier of the primary
cell.

For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is provided the following
parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:

- a SCS by subcarrierSpacing

- acyclic prefix by cyclicPrefix

+ R B size

start _ _
Ngyp=0 start and a number of contiguous RBs Npwp=Lgg provided by

- acommon RB carrier

locationAndBandwidth that indicates an offset RB and a length Leg as RIV according to [6, TS 38.214],
size __

setting , and a value OCﬂrrier provided by offsetToCarrier for the subcarrierSpacing

- an index in the set of DL BWPs or UL BWPs by respective bwp-Id

- aset of BWP-common and a set of BWP-dedicated parameters by bwp-Common and bwp-Dedicated [12, TS
38.331]

For unpaired spectrum operation, a DL 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-Id 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 a DL BWP is different than the center frequency for an UL BWP when the bwp-Id of the
DL BWP is same as the bwp-Id of the UL BWP.

For each DL BWP in a set of DL BWPs of the PCell, or of the PUCCH-SCell, a UE can be configured CORESETs 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 a UE is provided controlResourceSetZero and searchSpaceZero in PDCCH-ConfigSIB1 or PDCCH-ConfigCommon,
the UE determines a CORESET for a search space set from controlResourcesetZero 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 as the initial DL BWP.

For each UL BWP in a set 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 a bandwidth 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 a DL BWP different
from the active UL BWP or DL BWP, respectively, the UE shall

- 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 0_1 or DCI format 1_1
interpretation for the UL BWP or DL BWP that is indicated 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
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- if the size of the information field is larger than the one required for the DCI format 0_1 or DCI format 1_1
interpretation for the UL BWP or DL BWP that is indicated 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

- set the active 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 a
PDSCH 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 a UE detects a 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 a time 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 a UE detects a 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 a time duration from the end of the third symbol of a slot where the UE receives the PDCCH
that includes the DCI format 0_1 in the 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 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 cell in a slot other than the first slot of a set of slots for the SCS of the cell that overlaps
with a time duration where the UE is not required to receive or transmit for an active BWP change in a different cell.

A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL
BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.

For a serving cell, a UE can be provided by defaultDownlinkBWP-Id a default DL BWP among the configured DL
BWPs. If a UE is not provided a default DL BWP by defaultDownlinkBWP-Id, the default DL BWP is the initial active
DL BWP.

If a UE is provided by bwp-InactivityTimer a timer value for the primary 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
conditions in [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 a time duration from the beginning of a subframe for FR1, or of half of
a subframe for FR2, that is immediately after the BWP inactivity timer expires until the beginning of a slot where the
UE can receive or transmit.

When a UE's BWP inactivity timer for a cell expires within a time duration where the UE is not required to receive or
transmit for an active UL/DL BWP change in the cell or in a different cell, the UE delays the active UL/DL BWP
change triggered by the BWP inactivity timer expiration until a subframe for FR1 or half a subframe for FR2 that is
immediately after the UE completes the active UL/DL BWP change in the cell or in the different cell.

If a UE is provided by firstActiveDownlinkBWP-Id a first active DL BWP and by firstActiveUplinkBWP-Id a first active
UL BWP on a carrier of a secondary cell, the UE uses the indicated DL BWP and the indicated UL BWP as the
respective first active DL BWP on the secondary cell and first active UL BWP on the carrier of the secondary cell.

For paired spectrum operation, a UE does not expect to transmit a PUCCH with HARQ-ACK information on a PUCCH
resource indicated by a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP on the PCell
between a time of a detection of the DCI format 1_0 or the DCI format 1_1 and a time 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.
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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 the four most significant bits of pdcch-ConfigSIB1, as described in
Tables 13-1 through 13-10, and determines PDCCH monitoring occasions from the four least significant bits of pdcch-

SEN. and M are the SFN and slot

index within a frame of the CORESET based on SCS of the CORESET and SFNSSBJ and nSSB,i are the SFN and

slot index based on SCS of the CORESET, respectively, where the SS/PBCH block with index ! overlaps in time

with system frame SFNSSBJ andslot "SSBi _The symbols of the CORESET associated with pdcch-ConfigSIB1 in

MIB or with searchSpaceSIB1 in PDCCH-ConfigCommon have normal cyclic prefix.

ConfigSIB1, included in MIB, as described in Tables 13-11 through 13-15.

The offset in Tables 13-1 through 13-10 is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS
set, provided by subCarrierSpacingCommon, from the smallest RB index of the CORESET for Type0-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 kSSB is defined in [4, TS 38.211].

For the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set

over two consecutive slots starting from slot . For SS/PBCH block with index | , the UE determines an index
—N.oHa 5. frame, p
ofslot ™0 as nO_(O 2 +ll M”mOd N o located in a frame with system frame number (SFN) SFN,

SEN,mod2=0 . [0-2¢+[i-M /N ¥ mod2=0

satisfying or in a frame with SFN satisfying

SENmod2=1 . [(0-2#+[i-M|/ N2 mod2=1

and O are provided by Tables 13-11 and 13-
\ |

12, and yE\O, 1’2’P’J based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the

first symbol of the CORESET in slot e is the first 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 is the 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 Type0O-PDCCH CSS set. For a

SS/PBCH block with index ! | the UE determines the slot index e 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/IPBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

Number of Symbols
Index =5 PBCH_bIoc_k At (el EEEr Numgggla?;ﬂl"? Bs CORESE¥ Offset (RBs)
multiplexing pattern Ngzg Nsyrnb

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/IPBCH block, PDCCH} SCS is {15, 30} 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 Ng(B)RESET NEy({)ﬂI;ESET 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
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/IPBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

Number of Symbols
index | SSIPBCH block and CORESET | Numper iss | UMM S Y™ | ottcet (Rs)
RB symb
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/IPBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SSIPBCH block and CORESET Number of RBs | Number of Symbols
multiplexing pattern yCORESET NCORESET Offset (RBs)
RB symb

24
24
24
24
24
24
24
24
24
24
48
48
48
48
48
48

Index

[EEY
N

OO |N[o|O|[~|W(NIF|O
AIWIN[FP|O[~|WIN|FR|O

N R
N[N [N R R R |w|w|w|w|w|r NN
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Table 13-5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/IPBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel
bandwidth 40MHz

Index SSIPBCH.bIOC.k and CORESET Numl(ojgrRE(gETR Bs NumberchES?%lmbols Offset (RBSs)
multiplexing pattern Ngg Nsymb
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} SCS is {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz

Number of Symbols
index |  SSIPBCHblock and CORESET | Numper giies | NUmbR S0y Offset (RBS)
RB symb
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
5 1 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 1 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/IPBCH block, PDCCH} SCS is {120, 60} kHz

Number of
N SSIPBCH block and CORESET M EE O RS Symbols Offset (RBs)
multiplexing pattern Ngp NCORESET
symb
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
ke =0
SSB
8 2 48 1 a2 i
kgep>0
9 2 48 1 49
-41 if
keer =0
SSB
10 2 96 1 42 if
kSSB>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/IPBCH block, PDCCH} SCS is {120, 120} kHz

SSIPBCH block and CORESET Number of RBs Namber of
ock an mbol
e multiplexing pattern N ESRESET s%om?ngs SRR
N symb
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
-20 if
ke =0
SSB
4 3 24 2 o1 if
kSSB>O
5 3 24 2 24
-20 if
6 3 48 2 e .0
-21if
kSSB>O
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/IPBCH block, PDCCH} SCS is {240, 60} kHz

Number of RBs | Number of Symbols

Index

SS/PBCH block and CORESET
multiplexing pattern

CORESET
N RB

CORESET
N symb

Offset (RBs)

1

96

1

96

96

1
1
1

96

1
2
2

Reserved

Reserved

Reserved

Reserved

Reserved

OO |IN[o|O [~ |W[IN[(F|O

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Table 13-10: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

SSIPBCH block and CORESET Number of RBs Number of
ock an Symbols
ke 222 multiplexing pattern NORESET N%ORESET Sl RS
symb
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
-41 if
ke =0
SSB
4 2 24 1 42 if
kSSB>O
5 2 24 1 25
. key =0
6 2 48 1 -ALif T8
-42 if kSSB >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/IPBCH
block and CORESET multiplexing pattern 1 and FR1

Index (0] N T3 E searscl:gtspace sets per M First symbol index
0 0 1 1 0
. NCORESET
1 0 2 12 {0.if T iseven} { “omb if
I s odd}
2 2 1 1 0
. NCORESET
3 2 5 12 {0.if 1 iseven} { "wmb if
' is odd}
4 5 1 1 0
. NCORESET
5 5 5 12 {0.if 1 iseven} { Twmb if
' is odd}
6 7 1 1 0
. NCORESET
7 7 2 12 {0,it 1 iseven}, { “omb if
' 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/IPBCH
block and CORESET multiplexing pattern 1 and FR2

Index @) Number of sea;tl:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 12 {0,if | iseven}, {7,if ! isodd}
2 25 1 1 0
3 2.5 2 12 {0,if | iseven}, {7,if ! isodd}
4 5 1 1 0
S S 2 172 {0,if ! iseven}, {7,if ! isodd}
. NCORESET
6 0 > 12 {o.if I iseven) { “wm if
I is odd}
. NCORESET
7 25 2 12 {.if I iseven} { Tum . if
I is odd}
. NCORESET
8 5 > 12 {o.ift I iseven) { “wm if
I is odd}
9 75 1 1 0
10 7.5 1/2 {0,if ! iseven} {7,if ! isodd}
. NCORESET
11 75 2 12 {o.ift I iseven) { Twm . if
s 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/IPBCH block and
CORESET multiplexing pattern 2 and {SS/IPBCH block, PDCCH} SCS {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzls(t_sgnlbol T;I)ex
0,1, 6,7 for
SFN,=SFN; _ _ '
0 no=n ’ i=4k i=4k+1  i=4k+2
c 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)
SEN,=SFNyg 0,1,2,3,0 1in =8k i=8k+1  i=8k+2
0 I i=8k+3  i=8k+6  i=8k+7 ( McTMspi
c~"sSBi or
nC:nSSB,i_]' 12, 13in i=8k+4 i=8k+5 ( nC_nSSB,i_l )
1 Reserved
2 Reserved
3 Reserved
4 Reserved
S 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/IPBCH block and
CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzls(t_sgnlbol T;I)ex
4,8,2,6in
SEN=SFNggp ; . . .
0 _ ’ i=4k i=4k+1 i=4k+2
Ne=Ngsp : . :
’ 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 detects a first SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and

< < < <
for 24_kSSB_29 for FR1 or for 12_kSSB_ 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
Reference Offset Reference

for an associated Type0-PDCCH CSS set as Nasex +Neson . Noson is the GSCN of the first SS/PBCH block
Offset

and Nosov s a GSCN 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

kgp =31 ke =15

SSB for FR1 or for S8

for FR2, the UE determines that there is no SS/PBCH block having an
[ Reference Start Reference , »,End ] Nstart

associated Type0-PDCCH CSS set within a GSCN range Nesen ~Nosen> Nosen +Nosen GSCN  and

End
Negsen are respectively determined by the four most significant bits and the four least significant bits of pdcch-
Reference Reference

ConfigSIB1. If the GSCN range is [ osov s Noso ] , the UE determines that there is no information for a second
SS/PBCH block with a CORESET for an associated Type0-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 a time period determined by the UE, the UE may ignore the information related to GSCN of
SS/PBCH locations in performing cell search.
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Offset
Table 13-16: Mapping between the combination of kSSB and pdcch-ConfigSIB1 to Neso for FR1

Mg pdcch-ConfigSIB1 N 852?1
24 0,1,...,255 1,2, ..., 256
25 0,1,...,255 257,258, ..., 512
26 0,1,...,255 513,514, ...., 768
27 0,1,...,255 -1,-2,...,-256
28 0,1,...,255 -257,-258, ..., -512
29 0,1,...,255 -513,-514, ...., -768
30 0,1,...,255 Reserved, Reserved, ..., Reserved

Offset
Table 13-17: Mapping between the combination of kSSB and pdcch-ConfigSIB1 to Neson for FR2
kysp pdcch-ConfigSIB1 N ggf(s:e;
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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2017-12 | RAN#78 Approved by plenary — Rel-15 spec under change control 15.0.0
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TS 38.331
2018-09 | RAN#81 RP-181789 |0005 - |F CR to 38.213 capturing the RAN1#94 meeting agreements 15.3.0
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2018-12 | RAN#82 RP-182523 |0007 | 2 |F Combined CR of all essential corrections to 38.213 from 15.4.0
RAN1#94bis and RAN1#95.

3GPP



	Foreword
	1 Scope
	2 References
	3 Definitions, symbols and abbreviations
	3.1 Definitions
	3.2 Symbols
	3.3 Abbreviations

	4 Synchronization procedures
	4.1 Cell search
	4.2 Transmission timing adjustments
	4.3 Timing for secondary cell activation / deactivation

	5 Radio link monitoring
	6 Link recovery procedures
	7 Uplink Power control
	7.1 Physical uplink shared channel
	7.1.1 UE behaviour

	7.2 Physical uplink control channel
	7.2.1 UE behaviour

	7.3 Sounding reference signals
	7.3.1 UE behaviour

	7.4 Physical random access channel
	7.5 Prioritizations for transmission power reductions
	7.6 Dual connectivity
	7.6.1 EN-DC
	7.6.1A NE-DC
	7.6.2 NN-DC

	7.7 Power headroom report
	7.7.1 Type 1 PH report
	7.7.2 Type 2 PH report
	7.7.3 Type 3 PH report


	8 Random access procedure
	8.1 Random access preamble
	8.2 Random access response
	8.3 PUSCH scheduled by RAR UL grant
	8.4 PDSCH with UE contention resolution identity

	9 UE procedure for reporting control information
	9.1 HARQ-ACK codebook determination
	9.1.1 CBG-based HARQ-ACK codebook determination
	9.1.2 Type-1 HARQ-ACK codebook determination
	9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
	9.1.2.2 Type-1 HARQ-ACK codebook in physical uplink shared channel

	9.1.3 Type-2 HARQ-ACK codebook determination
	9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel
	9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel


	9.2 UCI reporting in physical uplink control channel
	9.2.1 PUCCH Resource Sets
	9.2.2 PUCCH Formats for UCI transmission
	9.2.3 UE procedure for reporting HARQ-ACK
	9.2.4 UE procedure for reporting SR
	9.2.5 UE procedure for reporting multiple UCI types
	9.2.5.1 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
	9.2.5.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

	9.2.6 PUCCH repetition procedure

	9.3 UCI reporting in physical uplink shared channel

	10 UE procedure for receiving control information
	10.1 UE procedure for determining physical downlink control channel assignment
	10.2 PDCCH validation for DL SPS and UL grant Type 2

	11 UE-group common signalling
	11.1 Slot configuration
	11.1.1 UE procedure for determining slot format

	11.2 Interrupted transmission indication
	11.3 Group TPC commands for PUCCH/PUSCH
	11.4 SRS switching

	12 Bandwidth part operation
	13 UE procedure for monitoring Type0-PDCCH CSS sets
	Annex A: Change history


