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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”

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

[15] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access "

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.

3GPP
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3.2

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

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].

Symbols

Abbreviations

BPRE Bits per resource element

BWP Bandwidth part

CB Code block

CBG Code block group

CBR Channel busy ratio

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
NR-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

PSBCH Physical sidelink broadcast channel
PSCCH Physical sidelink control channel
PSFCH Physical sidelink feedback channel

PSS Primary synchronization signal

PSSCH Physical sidelink shared channel
PUCCH Physical uplink control channel

PUCCH-SCell

PUCCH SCell

PUSCH Physical uplink shared channel
QCL Quasi co-location

RB Resource block

RE Resource element

RLM Radio link monitoring

RRM Radio resource management

RS Reference signal

RSRP Reference signal received power
SCG Secondary cell group

SCI Sidelink control information

3GPP
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SCS
SFCI
SFN
SL
SLIV
SPS
SR
SRI
SRS
SSS
TA
TAG
TCI
ucClI
UE
UL
UL-SCH
uss

10

Subcarrier spacing

Sidelink feedback control information
System frame number

Sidelink

Start and length indicator value
Semi-persistent scheduling
Scheduling request

SRS resource indicator

Sounding reference signal

Secondary synchronization signal
Timing advance

Timing advance group

Transmission Configuration Indicator
Uplink control information

User equipment

Uplink

Uplink shared channel

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 12,8 +14n .

- For operation without shared spectrum channel access:

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

- For carrier frequencies within FR1 larger than 3 GHz, n=0,12,3 .

- For operation with shared spectrum channel access, as described in [15, TS 37.213], n=0,1,2, 3,4

[ |
- Case B - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 14.8,16,20/ +28 n g,

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

[H ol
- Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 128 +14-n

- For operation without shared spectrum channel access

- For paired spectrum operation

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

larger than 3 GHz, n=0,1,2,3 .

- For unpaired spectrum operation without shared spectrum channel access

=0,1

- For carrier frequencies smaller than or equal to 2.4 GHz, M=% For carrier frequencies within FR1

larger than 2.4 GHz, n=0,12,3 .

- For operation with shared spectrum channel access, n=0,1,2,3,4,5,6,7,8,9

(
- Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes |

n=0,1,2735,6,7,38,10,11,12,13,15,16,17,18

4,8,16,20/ +28 -n
For carrier frequencies within FR2,

- Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes

( | . =
18,12, 16, 20, 32, 36, 40, 4] +56 n . For carrier frequencies within FR2, n=0,12,3567.8 .

3GPP
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From the above cases, if the SCS of SS/PBCH blocks is not provided by ssbSubcarrierSpacing, 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 ssbSubcarrierSpacing,
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
ssbSubcarrierSpacing for receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the SCS
values to be same.

The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to Zmax —1 , where

- for operation without shared spectrum channel access, L,,,=L,.. ,and L, isas describedin[9, TS
38.104]

- for operation with shared spectrum channel access, L, =10 for 15 kHz SCS of SS/PBCH blocks, and
L...=20 for 30 kHz SCS of SS/PBCH blocks

For L,,, =4 ,aUE determines the 2 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-
one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211].

For Imax> 4 | a UE determines the 3 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-
one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211]

- for L,,, =10 | the UE determines the 1 MSB bit of the candidate SS/PBCH block index from PBCH
payload bit dj4,, as described in [5, TS 38.212]

- for Zmax =20 , the UE determines the 2 MSB bits of the candidate SS/PBCH block index from PBCH
payload bits  dj3,4,0d3,, as described in [5, TS 38.212]

- for Zmax =64 | the UE determines the 3 MSB bit of the candidate SS/PBCH block index from PBCH
payload bits  dj3,s,03,5,d4,; as described in [5, TS 38.212]

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

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

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

For operation with shared spectrum channel access, a UE assumes that transmission of SS/PBCH blocks in a half frame
is within a discovery burst transmission window that starts from the first symbol of the first slot in a half-frame. The UE
can be provided per serving cell by DiscoveryBurst-WindowLength-r16 a duration of the discovery burst transmission
window. If DiscoveryBurst-WindowLength-r16 is not provided, the UE assumes that the duration of the discovery burst
transmission window is a half frame. For a serving cell, the UE assumes that a periodicity of the discovery burst
transmission window is same as a periodicity of half frames for receptions of SS/PBCH blocks in the serving cell. The
UE assumes that one or more SS/PBCH blocks indicated by ssb-PositionsInBurst may be transmitted within the
discovery burst transmission window and have candidate SS/PBCH blocks indexes corresponding to SS/PBCH block
indexes provided by ssb-PositionsInBurst. If MSB  k , k=>1 , of ssb-PositionsInBurst is set to 1, the UE assumes
that one or more SS/PBCH blocks within the discovery burst transmission window with candidate SS/PBCH block
indexes corresponding to SS/PBCH block index equal to k—1 may be transmitted; if MSB  k is set to 0, the
UE assumes that the SS/PBCH block(s) are not transmitted.

For operation with shared spectrum channel access, a UE assumes that SS/PBCH blocks in a serving cell that are within
a same discovery burst transmission window or across discovery burst transmission windows are quasi co-located with
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respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if a value of

Nt cmod NG| is same among the SS/PBCH blocks. N st 'xs is an index of a DM-RS sequence

transmitted in a PBCH of a corresponding SS/PBCH block, and N ?S%L is either provided by ssbPositionQCL-
Relationship-r16 or, if ssbPositionQCL-Relationship-r16 is not provided, obtained from a MIB provided by a SS/PBCH
block according to Table 4-1. ssbSubcarrierSpacingCommon indicates SCS of RMSI only for the case of "operation
without shared spectrum".The UE assumes that within a discovery burst transmission window, a number of transmitted
SS/PBCH blocks on a serving cell is not larger than N gs% . The UE can determine an SS/PBCH block index

accordingto | Npos' psmod Ny |, or according to (i mod NJF|  where | is the candidate SS/PBCH

block index.

Table 4-1: Mapping between the combination of subCarrierSpacingCommon and [spare or LSB of

ssh-SubcarrierOffset] to NS

Spcel lers;;‘acmg Commo [spare or LSB of ssb-SubcarrierOffset] N SS%L
scs150r60 0 1
scs150r60 1 2

scs300r120 0 4
scs300r120 1 8

Upon detection of a SS/PBCH block, the UE determines from MIB that a CORESET for Type0-PDCCH CSS set, as
ke <23 Ky <11
described in Clause 13, is present if [4, TS 38.211] for FR1 or if for FR2. The UE determines from
kSSB > 23 kSSB >11
MIB that a CORESET for Type0-PDCCH CSS set is not present if for FR1 or if for FR2; the
CORESET for Type0-PDCCH CSS set may be provided by PDCCH-ConfigCommon.

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 N otse 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

N otse 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 = ™-°fst applies to
both carriers.

Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH

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

For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum
transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates
ul-TimingAlignmentEUTRA-NR as 'required’ and uplink transmission timing based on timing adjustment indication for a
TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission timing
for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous intra-band
EN-DC based on timing adjustment indication for a TAG from a serving cell in MCG in the band. The UE is not
expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even
partially, with random access preamble transmitted in another CG.
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For a SCS of 2" 15 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to

64 - u
the current uplink timing for the TAG in multiples of 16 -64 Tf/ 2

described in [4, TS 38.211].

. The start timing of the random access preamble is

In case of random access response, a timing advance command [11, TS 38.321], Ty , for a TAG indicates Noa values

by index values of Ta - 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of 2" 15 kyy

is Ny =T, 16 '64/ 2! . Noa 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,

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

value, Na_oa , to the new Noa value, Noanew , by index values of Ty = 0,1, 2,..., 63, where for a SCS of 2" 15 kHz,
Nop vew =Npy o +(T, - 31) 16 -64/2"

If a UE has multiple active UL BWPs, as described in Clause 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 Na new 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 Nra 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 Clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a
successRAR as described in Clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from

k :[Nsubframeu .(NTJ + NT,Z + NTA,max + 05)/’1';f } NT,l

slot

tn+k+1

the beginning of uplink slo where is a time duration in

msec of ™1 symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional
PDSCH DM-RS is configured, Nz is a time duration in msec of N, symbols corresponding to a PUSCH preparation
time for UE processing capability 1 [6, TS 38.214], Niamax is the maximum timing advance value in msec that can be

subframey
provided by a TA command field of 12 bits, Ngo ™ is the number of slots per subframe, and T

N

f is the subframe

duration of 1 msec. ¥t and M2 are determined with respect to the minimum SCS among the SCSs of all configured UL
BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers. For

= = subframe
u _0, the UE assumes Ny =14 [6, TS 38.214]. Slot N and N are determined with respect to the minimum

SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG. N max 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 all
configured initial UL BWPs provided by initialUplinkBWP. The uplink slot M s the last slot among uplink slot(s)
overlapping with the slot(s) of PDSCH reception assuming T, =0 , where the PDSCH provides the timing
advance command and TTA is defined in [4, TS 38.211].

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 Noa accordingly.

If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot.
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4.3 Timing for secondary cell activation / deactivation

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

tn+k

the minimum requirement defined in [10, TS 38.133] and no earlier than slo , except for the following:

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

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

- the actions related to CSI reporting on a serving cell which is not active in slot 7+ K that the UE applies in the

n+k

earliest slot after in which the serving cell is active.

subframe,u
The value of X is ki +3 No +1 where ki 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_feedback timing indicator field in the
subframe,u

DCI format scheduling the PDSCH reception as described in Clause 9.2.3 and ~ st is a number of slots per
subframe for the SCS configuration H of the PUCCH transmission.

With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a

secondary cell ending in slot ", 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 an activated serving cell

which the UE applies in slot K.

If 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 an activated serving cell which the UE applies in the first slot that is after slot

subframe, p
n+ 30210‘ where # is the SCS configuration for PDSCH reception on the secondary cell.

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 Clause 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 Clause 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 Nig-rm RadioLinkMonitoringRS for link recovery procedures, as described in Clause

6, and for radio link monitoring. From the Nig-rm RadioLinkMonitoringRS, up to Neww RadioLinkMonitoringRS can
be used for radio link monitoring depending on as described in [9, TS 38.104], and up to two RadioLinkMonitoringRS
can be used for link recovery procedures.

For operation with shared spectrum channel access, when a UE is provided a SS/PBCH block index by ssb-Index, the
UE is expected to perform radio link monitoring using SS/PBCH block(s) in the discovery burst transmission window
as described in Clause 4.1.
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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 Lma :4, the UE selects the M&M 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
CORESETS: 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 Clause 10.1.

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

Values of Vir-rm and Num for different values of Tmax are given in Table 5-1.

Table 5-1: Vir-rv and Vev as a function of maximum number Tmax of SSIPBCH blocks per half

frame
Lmax NLR- RLM NRLM
4 2
8 4
64 8 8

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

If 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
CORESETSs 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 (Q.. and Qin) configured by
rimInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest
periodicity for radio link monitoring resources and 10 msec.

In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qo« 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 each BWP of a serving cell, a set Qo of periodic CSI-RS resource configuration indexes by

failureDetectionResources or beamFailureDetectionResourceList and a set A of periodic CSI-RS resource
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configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList or candidateBeamResourceList for

radio link quality measurements on the BWP of the serving cell. If the UE is not provided T by
failureDetectionResources or beamFailureDetectionResourceList for a BWP of the serving cell, the UE determines the

set 90 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 CORESETSs that the UE uses for monitoring PDCCH and, if there are two RS

indexes in a TCI state, the set 9o includes RS indexes with QCL-TypeD configuration for the corresponding TCI
states. The UE expects the set 9o 1o include up to two RS indexes. The UE expects single port RS in the set Qo

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

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

the threshold Qou,ir. For the set 90 | the UE assesses the radio link quality only according to periodic CSI-RS resource
configurations, or SS/PBCH blocks on the PCell or the PSCell, 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,r threshold to the L1-RSRP
measurement obtained from a SS/PBCH block. The UE applies the Qi,ir 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 Qo that the UE uses to assess the radio link quality is
worse than the threshold Qou,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 on the PCell or the PSCell, in the set o 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 Qour 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 91 and the corresponding L1-RSRP measurements that are larger than or equal to
the Qin,r threshold.

For the PCell or the PSCell, a UE can be provided a CORESET through a link to a search space set provided by
recoverySearchSpaceld, as described in Clause 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.

For the PCell or the PSCell, the UE can be provided, by PRACH-ResourceDedicatedBFR, a configuration for PRACH

transmission as described in Clause 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-RNTI or MCS-C-RNTI starting from

slot "*4 within a window configured by BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set

provided by recoverySearchSpaceld and for corresponding PDSCH reception, the UE assumes the same antenna port

quasi-collocation parameters as the ones associated with index hew yntil 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.

For the PCell or the PSCell, 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-RNTT 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
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- apower determined as described in Clause 7.2.1 with u :0, 9a =Yew , and =0

For the PCell or the PSCell, after 28 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-

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

A UE can be provided, by schedulingRequestIDForBFR, a configuration for PUCCH transmission with a link recovery
request (LRR) as described in Clause 9.2.4. The UE can transmit in a first PUSCH at least one MAC CE providing one

index for at least one corresponding SCell with radio link quality worse than Qou,r, an index (., for a periodic

CSI-RS configuration or for a SS/PBCH block provided by higher layers, as described in [11, TS 38.321], if any, for a
corresponding SCell. After 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a
PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a
toggled NDI field value, the UE

- receives PDCCH on the at least one SCell with same antenna port quasi-collocation parameters as the ones
associated with a corresponding index (.. ,ifany

- transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to (.,
for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, if

- the UE is provided PUCCH-SpatialRelationInfo for the PUCCH-SCell,
- the PUCCH transmission with the LRR was on the PCell or the PSCell, and
- the PUCCH-SCell is included in the at least one SCell

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

7 Uplink Power control

Uplink power control 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/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions
configured by IE SRS-Positioning-Config as described in Clause 7.3.1.

. nru
A PUSCH/PUCCH/SRS/PRACH transmission occasion ! is defined by a slot index s/ within a frame with system
frame number SEN | a first 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 Clause 12, of carrier f of serving cell ¢ , a UE first

~

PPUSCH,b,f,c(i’ D) Bouscrp, 1, (65 J5 qa,1)

calculates a linear value of the transmit power , with parameters as defined
in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or
semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook’,

- if ULFPTx in PUSCH-Conlfig is provided and codebookSubset in PUSCH-Config is set to nonCoherent or
partial AndNonCoherent, the UE scales  Ppgcy j ¢ C(i, Jj,q d,l) by s where:

- if ULFPTxModes in PUSCH-Config is set to Model, and each SRS resource in the SRS-ResourceSet with
usage set to 'codebook’ has more than one SRS port, S is the ratio of a number of antenna ports with non-
zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS
resource
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- if ULFPTxModes in PUSCH-Config is set to Mode2, s=1 for full power TPMIs reported by the UE
[16, TS 38.306], and s is the ratio of a number of antenna ports with non-zero PUSCH transmission
power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a
SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with
usage set to 'codebook’, or the number of SRS ports is associated with the SRS resource if only one SRS
resource is configured in the SRS-ResourceSet with usage set to 'codebook’, and

- if ULFPTxModes in PUSCH-Config is not provided, s=1

- else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the
UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission
power to the maximum number of SRS ports supported by the UE in one SRS resource.

The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.

7.1.1 UE behaviour

If a UE transmits a PUSCH on active UL BWP D of carrier f of serving cell ¢ using parameter set configuration
with index / and PUSCH power control adjustment state with index I , the UE determines the PUSCH transmission

PPUSCH,b,f,C(i’ J>4451) i

power in PUSCH transmission occasion * as
P ( . l) i HPCMAX,f,c(i): B
b, e Jqg,1) =min [ . u . . . o0
B Po.puscitp, e (1) + 1010815 (2" -M i (0) + @ty 1 () PLy 1 (4,) + Ay o (D) + fo o (1)
[dBm]
where,
p .
CMAX, f.c (@) is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and

[8-3, TS38.101-3] for carrier f of serving cell € in PUSCH transmission occasion ! .

PO?PUSCH,b, f,c(]) PO?NOMINAL?PUSCH, f.c (.])

is a parameter composed of the sum of a component
jelo1,.., 7-1

and a component

p .
O_UE_PUSCH,b, f ,c (J) where

- If a UE established dedicated RRC connection using a Type-1 random access procedure, as described in
Clause 8, and is not provided PO-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL
grant as described in Clause 8.3,

J =0 PO_UE_PUSCH,b, f.c (0) =0 and PO?NOMINAL?PUSCH,f,C 0 :POJRE + ApREAM)E;L};LMsga
) s )

where PO_PRE is provided by preambleReceivedTargetPower [11, TS 38.321] and A PREAMBLE,,, 1S

APREAMBLE_MsgS =0

provided by msg3-DeltaPreamble, or dB if msg3-DeltaPreamble is not provided, for

carrier f of serving cell c
- If a UE established dedicated RRC connection using a Type-2 random access procedure, as described in

Clause 8, and is not provided PO-PUSCH-AlphaSet, or for a PUSCH transmission for Type-2 random access
procedure as described in Clause 8.1A,

j=0, P O_UE_PUSCH,b,f,c(O):O ,and P O_NOMINAL_PUSCH,f,c(O):P O_PRE+AMsgA )

PUSCH

where PO_PRE is provided by preambleReceivedTargetPower and A MsgAns, 1S Provided by

msgADeltaPreamble, or A MsGA s =A PREAMBLE,,, dB if msgADeltaPreamble is not provided, for
carrier f  of serving cell ¢

3GPP



Release 16 20 3GPP TS 38.213 V16.0.0 (2019-12)

- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, ’ =1 , Fo nownvarpusa, . (D is

provided by pO-NominalWithoutGrant, or Fo vovmavpusci. . (1) =Po yowmar pusci. . (0) if p0-

NominalWithoutGrant is not provided, and Po_ue_puscius, .« (1) is provided by p0 obtained from p0-PUSCH-
Alpha in ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetId to a set of PO-PUSCH-

AlphaSet for active UL BWP b of carrier [ of serving cell c

| 1 , .
- For 1§12 -1 =5, ,a Fo vovnar_pusar .c(J) value, applicable for all / €5, , is provided by p0-

NominalWithGrant, or Fo vowias puscn 1. (J) =Fo_vowmar.puscr. 1. (0) if p0-NominalWithGrant is not
provided, for each carrier f of serving cell C and a set of Fo_ue puscun.r.c () values are provided by a set
of p0 in PO-PUSCH-AlphaSet indicated by a respective set of p0-PUSCH-AlphaSetId for active UL BWP b

of carrier f of serving cell c
- If the UE is provided by SRI-PUSCH-PowerControl more than one values of p0-PUSCH-AlphaSetId and
if a DCI format scheduling the PUSCH transmission 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
the DCI format [5, TS 38.212] and a set of indexes provided by p0-PUSCH-AlphaSetId that map to a set

of PO-PUSCH-AlphaSet values and determines the value of Po_ue_puscius,f.c () from the pO0-PUSCH-
AlphaSetId value that is mapped to the SRI field value. If the DCI format also includes a open-loop power
control parameter set indication field and a value of the open-loop power control parameter set indication

field is '1', the UE determines a value of Fo_ue vuscius, . (J) from PO-PUSCH-Set with a p0-PUSCH-
Setld value mapped to the SRI field value.

- If the PUSCH transmission is scheduled by a DCI format that does not include a SRI field, or if SRI-
PUSCHPowerControl is not provided to the UE, j=2 s
- If PO-PUSCH-Set is provided to the UE and the DCI format includes an open-loop power control

parameter set indication field, the UE determines a value of Po_ue_vuscis, .o (J) from

- afirst PO-PUSCH-AlphaSet in p0-AlphaSets if a value of the open-loop power control parameter
set indication field is '0' or '00'

- afirst value in PO-PUSCH-Set if a value of the open-loop power control parameter set indication
field is '1' or '01'

- asecond value in PO-PUSCH-Set if a value of the open-loop power control parameter set
indication field is '10'

- else, the UE determines Fo_ve ruscis,f.c(J) from the value of the first PO-PUSCH-AlphaSet in p0-
AlphaSets

- For ab,f,c(j)

For J :0,

- if PO?NOMINAL?PUSCH,f, c (0 ) = PO?PRE+ AMsgA and mSgA—Alpha is prOVided, (Xb,f C (0 ) is the

value of msgA-Alpha

PUSCH

- elseif Pg nomin AL_PUSCH, c (O ) =P pretA PREAMBLE, 3 OF msgA-Alpha is not provided, and

ab, f.c (0)

msg3-Alpha is provided, is the value of msg3-Alpha

- else 1. (0) =1
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PUSCH .
MRB,b, f.c (l)

Jj=1 , 1) is provided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig

For
providing an index PO-PUSCH-AlphaSetId to a set of PO-PUSCH-AlphaSet for active UL BWP b of carrier

f of serving cell ¢

€S b,f,c(j)

For /°7 asetof “ values are provided by a set of alpha in PO-PUSCH-AlphaSet indicated by a

respective set of p0-PUSCH-AlphaSetId for active UL BWP b of carrier f of serving cell ¢

- If the UE is provided SRI-PUSCH-PowerControl and more than one values of p0-PUSCH-AlphaSetId,
and if a DCI format scheduling the PUSCH transmission 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 the DCI format [5, TS 38.212] and a set of indexes provided by p0-PUSCH-AlphaSetId that map to a

set of PO-PUSCH-AlphaSet values and determines the values of %, .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 that does not include a SRI field, or if SRI-

PUSCH-PowerControl is not provided to the UE, j=2 , and the UE determines P () from the value
of the first PO-PUSCH-AlphaSet in p0O-AlphaSets

is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion ! on active UL BWP D of carrier f of serving cell C and u isa SCS
configuration defined in [4, TS 38.211]

P

Lb,f,c(qd)

is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index U for

the active DL BWP, as described in Clause 12, of carrier f of serving cell ¢

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

PL
parameters, the UE calculates =~ >/ (qa) 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 9¢ 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 Clause 8.3, or for a PUSCH
transmission for Type-2 random access procedure as described in Clause 8.1A, the UE uses the same RS

resource index 9¢ 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 a DCI format scheduling the PUSCH transmission

and a set of PUSCH-PathlossReferenceRS-Id values and 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 C 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

carrier f and serving cell ¢ , as described in Clause 9.2.2, the UE uses the same RS resource index Qi a5
for a PUCCH transmission in the PUCCH resource with the lowest index
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- the PUSCH transmission is scheduled by a DCI format 0_0 and the UE is not provided a spatial setting
for a PUCCH transmission, or

- the PUSCH transmission is scheduled by a DCI format 0_1 that does not include a SRI field, or

- SRI-PUSCH-PowerControl is not provided to the UE,

the UE determines a RS resource index 9¢ with a respective PUSCH-PathlossReferenceRS-Id value being

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

- If
- the PUSCH transmission is scheduled by a DCI format 0_0,
- the UE is not provided PUCCH resources for the active UL BWP, and

- the UE is provided enableDefaultBeamPIForPUSCHO_0

the UE determines a RS resource index 1 providing a RS resource with 'QCL-TypeD' in the TCI state or
the QCL assumption of a CORESET with the lowest index in the active DL BWP of the scheduling cell for
the serving cell

- If
- the PUSCH transmission is scheduled by a DCI format 0_0,

- the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell
[11, TS 38.321], and

- the UE is provided enableDefaultBeamPlForPUSCHO_0

the UE determines a RS resource index 1 providing a RS resource with 'QCL-TypeD' in the TCI state or
the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell

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

in ConfiguredGrantConfig, a RS resource index Qa js provided by a value of pathlossReferencelndex

included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell C 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 94 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 C or, if provided, on a serving cell indicated by a value
of pathlossReferenceLinking

If the UE is provided enablePLRSupdateForPUSCHSRS, a mapping between sri-PUSCH-PowerControlld and
PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS38.321]

- For a PUSCH transmission scheduled by a DCI format that does not include a SRI field, or for a PUSCH
transmission configured by ConfiguredGrantConfig and activated, as described in Clause 10.2, by a DCI format

that does not include a SRI field, a RS resource index qq is determined from the PUSCH-
PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlld = 0
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PLy, (40 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.

A i) =101og,, ({27 x. . 1) grusca) - i) = -
e e () B0 Pt for Ks =125 g Arp, .0 () =0 for Ks =0 where Ks s provided
by deltaMCS for each UL BWP b of each carrier f and serving cell C . If the PUSCH transmission is over

PUSCH

more than one layer [6, TS 38.214], ATF’b’f ""(l) :0. BPRE and Botser , for active UL BWP b of each carrier

f and each serving cell C | are computed as below

Cc-1
BPRE :Z Kr/NRE _ PUSCH
r=0 for PUSCH with UL-SCH data and BPRE = Q, @/ B ofiec for CSI transmission in a

PUSCH without UL-SCH data, where

- C s a number of transmitted code blocks, K, is a size for code block ', and Ny is a number of
Nomi e ()1
— PUSCH - RB ..
NRE _MRB,b,f,c(l) ’ ZNsc,data (11 J) PUSCH
j=0

. i) .
resource elements determined as , where ~ symbh.f (@ is a number

of symbols for PUSCH transmission occasion I on active UL BWP b of carrier ' of serving cell ¢,

NRB ..
seaia (5 J) is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4,
. <i< PUSCH .
TS 38.211] in PUSCH symbol 1, 0 =7 <Nomoerc@ 04 C K yre defined in [5, TS 38.212]

[)) PUSCH =[))CSI,1

PUSCH __
Bogeer ™ =1 when the PUSCH includes UL-SCH data and /offset offset a5 described in Clause 9.3, when

the PUSCH includes CSI and does not include UL-SCH data

- @n 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 fo.1.c (D) for active UL BWP P of carrier f of serving cell ¢

in PUSCH transmission occasion !

Opusarp, e (11) is a TPC command value included in a DCI format that schedules the PUSCH transmission

occasion i on active UL BWP D of carrier f of serving cell C or jointly coded with other TPC commands
in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in Clause 11.3

[ 4l
- €0 it the UE s configured with twoPUSCH-PC-AdjustmentStates and ' =0 if the UE is not
configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR
UL grant as described in Clause 8.3

[0 1
- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of 1€10,1 4
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 a DCI format scheduling the PUSCH transmission and the ! value(s) provided by
sri-PUSCH-ClosedLoopIndex and determines the I' value that is mapped to the SRI field value
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- If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an
SRI-PUSCH-PowerControl is not provided to the UE, 1=0

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

dp,)-1

fop @D =fo g =100+ 3 Spuscas, r.e (1) 1
m=0 is the PUSCH power control adjustment state * for active

UL BWP P of carrier f of serving cell C and PUSCH transmission occasion ! if the UE is not provided
tpc-Accumulation, where

The Opuscitn..c values are given in Table 7.1.1-1

dp)-1
2 aPUSCH,b,f,C (m,1)
m=0

dp)

cardinality ~ " that the UE receives between

is a sum of TPC command values in a set D, of TPC command values with
Kousen(i= )= 1 symbols before PUSCH transmission

-1

occasion !~ o and Keuscu Q) symbols before PUSCH transmission occasion ! on active UL BWP b of

l 0

carrier f of serving cell C for PUSCH power control adjustment state ! , where " Y is the smallest

integer for which Kpusen(i- 1) symbols before PUSCH transmission occasion '~ 1o js earlier than
Kpusen (1) symbols before PUSCH transmission occasion !

K

- If a PUSCH transmission is scheduled by a DCI format, " PUSCH () is a number of symbols for active UL

BWP b of carrier f of serving cell C 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, Kousen () s a number of * PUsctmin

slot
symbols equal to the product of a number of symbols per slot, = ™, and the minimum of the values

provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell ¢

- If the UE has reached maximum power for active UL BWP? of carrier f of serving cell C at PUSCH
dp,)-1

Z 5PUSCH,b, f.c (m,1) =0

.. . -1 i,l) = i-igy,l
transmission occasion '~ ' and m=0 , then fo.r.e@D) = fo e (=i, 1)

- If UE has reached minimum power for active UL BWP? of carrier f of serving cell C at PUSCH
dp,)-1

D Spuscun, 1o (m1) <0 . .
. - b, f,e R i) = i-i,l
transmission occasion '~ ' and m=0 , then fope D) = Mo p (- i, ])

- A UE resets accumulation of a PUSCH power control adjustment state I for active UL BWP D of carrier

k,l :O’k :0’1,“', .
f of serving cell C 1o fb,f,c( ) i

PO?UE?PUSCH,b, f.c (J)

- If a configuration for a corresponding value is provided by higher layers

ab,f,c(j)

- If a configuration for a corresponding value is provided by higher layers

l

where ! is determined from the value of / as

it/ 1 and the UE is provided higher SRI-PUSCH-PowerControl, [ is any of the sri-PUSCH-
ClosedLoopIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-PO-PUSCH-

AlphaSetld value corresponding to J
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it J >1 and the UE is not provided SRI-PUSCH-PowerControl or j= 0 s =0

it J =11 is provided by the value of powerControlLoopToUse

>

i) =0 il
Fong.c (61 =Opuscrns, 1. (B1) is the PUSCH power control adjustment state for active UL BWP D of carrier f

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

Opuscitp,.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 of carrier f of serving cell C as described in Clause 8

fb,f,c (0’ l) :APmmpup,b,f,c + 5m592,b,f,c where l =0 and

o . - .
- msg2,b.f.c js g 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

f in the serving cell € and

n | 1olog,@" M) gl )
AP’amP“va, f.e =min HD HHXH 0’ PCMAX, f.c -0+ PO?PUSCH,b, f.c (0) + ab, f.c (0) ‘PLE H H 0, APramPupquues[ed,b, foell
EH I FAgpp 1 (0)+ 0,000 1 01 H i

AP
and ~ rempuprequested.b, f.c jg provided by higher layers and corresponds to the total power ramp-up
requested by higher layers from the first to the last random access preamble for carrier f in the
MPUSCH (0)
RB,b, f,c

serving cell c, 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 f of serving
A 0

cell €, and ~TPf <0 is the power adjustment of first PUSCH transmission on active UL BWP b

of carrier f of serving cell C,

- If the UE transmits the PUSCH in PUSCH transmission occasion i on active ULBWP b  of carrier
f ofservingcell ¢ asdescribed in Clause 8.1A, 4 . (0,1)=A P ampup b,f,c > Where

- [=0 ,and
0 | ] Dolog, @ MEELG)  §h0 H
AP’amP“thv f.e =min HD lT]aXH 0 ) PCMAX, f.c -0+ PO?PUSCH,b, fi.c (0) + ab, f.c (0) PLC (l) H H 0 APramPuprequested,b, fiell
EH 0 +ATF,b,f,c(i) 00 H A
and AP rampuprequested ,b, f,c 1S Provided by higher layers and corresponds to the total power ramp-up

requested by higher layers, M P};[é’S;Z’ I;I C(i) is the bandwidth of the PUSCH resource assignment

expressed in number of resource blocks, and Ay, bif.c (i ) is the power adjustment of the PUSCH

transmission in PUSCH transmission occasion I
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Table 7.1.1-1: Mapping of TPC Command Field in a DCI format scheduling a PUSCH transmission, or
in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, or in DCI format 2_3, to absolute and

o) o)
accumulated “FPUSCHb.fc yalues or SRS.fc values

TPC Cpmmand cearmuated 5PUSCH,b,f,c or 6SRS,b,f,c Absolute 5PUSCH,b,f,c or 55Rs,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 clause for both MCG and SCG.

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

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

7.2.1 UE behaviour

If a UE transmits a PUCCH on active UL BWP D of carrier f in the primary cell ¢ using PUCCH power control

adjustment state with index I', the UE determines the PUCCH transmission power Prucaits, e 4> o> 1) in PUCCH
i

transmission occasion ' as
p ( l) . ﬁPCMAX,f,C(iL ﬁ
,b, f,c l’qu’qd’ =min n . . .
e i PO?PUCCH,b, f.c (g,) +10log,, (2 'Mﬁgi?f}fc )+ PLb, fie (qs)+ Ag puccn (F) + ATF, b, f.c @)+ b, fc @, l)ﬁ
[dBm]
where
Povax, 1.0 (D) is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and

[8-3, TS38.101-3] for carrier f of serving cell C in PUCCH transmission occasion !

P ) P .
_ Porucans (@) is a parameter composed of the sum of a component ~ O-NOMINALPUCCH "nrgyided by pO-
nominal, or Fo nowmar_puccn =0 dBm if p0-nominal is not provided, for carrier f of primary cell C and, if

provided, a component Fo e pucea(d.) provided by p0-PUCCH-Value in PO-PUCCH for active UL BWP b of

<Q, Q Py ve pucen

carrier f of primary cell C | where 0=q, u is a size for a set of values provided by

maxNrofPUCCH-PO-PerSet. The set of Fo
UE PO?UE?PUCCH(qu) =0 0 =q, <Q,

-UE_PUCCH values is provided by p0-Set. If p0O-Set is not provided to the

- 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
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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

k + 3 .Nsubframe,,u k
command in the first slot that is after slot slot where " is the slot where the UE would transmit a

PUCCH with HARQ-ACK information for the PDSCH providing the activation command and “"is the SCS
configuration for the PUCCH

- 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 the minimum p0-PUCCH-Id value in p0-Set

M PUCCH i . ) ] )
e, e (1) is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion ! on active UL BWP ¥ of carrier f of serving cell Cand “ isascs
configuration defined in [4, TS 38.211]

PLy,1.(d4) is a downlink pathloss estimate in dB calculated by the UE using RS resource index Qa as

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

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

parameters, the UE calculates PLy.c(d4) 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 PL, (q4)

with index 9¢ , where 0=q,<Q . Qq 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-I1d in PUCCH-PathlossReferenceRS

using RS resource

- If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo, the UE obtains a mapping, by
indexes provided by corresponding values of pucch-PathlossReferenceRS-Id, 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 in the first slot that is after slot

. 7\ysubframe,u
k+3 Ny where K is the slot where the UE would transmit a PUCCH with HARQ-ACK information
for the PDSCH providing the activation command and “is the sCS configuration for the PUCCH

- If PUCCH-SpatialRelationInfo includes servingCellld indicating a serving cell, the UE receives the RS for

resource index 94 on the active DL BWP of the serving cell

- If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains
the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-1d 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

- Ifthe UE
- is not provided pathlossReferenceRSs, and
- is not provided PUCCH-SpatialRelationInfo, and

- is provided enableDefaultBeamPIForPUCCH
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the UE determines a RS resource index 1 providing a RS resource with 'QCL-TypeD' in the TCI state or
the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell

- The parameter Ar_pucen (F) is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for
PUCCH format 1, deltaF-PUCCH-{2 for PUCCH format 2, deltaF-PUCCH-{3 for PUCCH format 3, and

deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise ~ Ap, pyccy | F |=0

- g, (1) is a PUCCH transmission power adjustment component on active UL BWP b of carrier f of

primary cell c

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

PUCCH
ATF, bf.c (i) =10 logloHNP+CH(i)H + Ay (i)
ymb where
NPUCCH .
symb @ is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH

transmission as described in Clause 9.2.

PUCCH _

o N =2 for PUCCH format 0
PUCCH __ prslot

- Ner ™ =Noms for PUCCH format 1

. Ay =0 for PUCCH format 0

Ay =10 10810(OUCI (i)) for PUCCH format 1, where Ouar () 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,
Ay (1) =10 10810(K1 .(nHARQ-ACK (i) + O (i) + Oy (l))/NRE (1)) where

K, =6

1

_ Maarqack () is a number of HARQ-ACK information bits that the UE determines as described in
Clause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 for Type-2 HARQ-

ACK codebook. If the UE is not provided with pdsch-HARQ-ACK-Codebook, Mharg-ack (1) =1 if the

" =0
UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, Myarq-ack (1)

Oge (1) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
Ocsi (D) is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2
Nie (1) =M g’y 1o () “Nogeua () Ny s, .0 ()

N.. (D) . .
- re (1) is a number of resource elements determined as , where

RB .

Necien(@) is a number of subcarriers per resource block excluding subcarriers used for DM-RS
PUCCH .

transmission, and ~ Y™mPUCLh.f <0 is a number of symbols excluding symbols used for DM-RS

transmission, as defined in Clause 9.2.5.2, for PUCCH transmission occasion I on active UL BWP b of
carrier f of serving cell c

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

ATF,b,f,c (i) =10 loglo( oK, BPRE(D) _ 1)

number of UCI bits larger than 11, , where
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K, =2.4
BPRE( i) =(0, (i) + Og (i) + Ocg; (i) + O (i))/ Ny (i)

Oacx (D) is a number of HARQ-ACK information bits that the UE determines as described in Clause
9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 for Type-2 HARQ-ACK

codebook. If the UE is not provided pdsch-HARQ-ACK-Codebook, Oack =1 if the UE includes a HARQ-

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

O (1) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
Ocst () is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2
Ocrc (1) is a number of CRC bits that the UE determines as described in Clause 9.2

N (1) is a number of resource elements that the UE determines as

N (i) = MPYCCH iy NRB (jy . yPUCCH i NEB (i) . ]

re () w0, e (D) Neca “Noymouer . () secan(1) is a number of subcarriers per resource block
PUCCH (1)

excluding subcarriers used for DM-RS transmission, and = ®bUCbf<}'/ jg 3 number of symbols

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

, where

occasion ! on active UL BWP P of carrier f of serving cell .

- For the PUCCH power control adjustment state 9o, (D) for active UL BWP D of carrier f of primary cell c

and PUCCH transmission occasion

6PUCCH,b, f.c (@,1)

1

is a TPC command value and is included in a DCI format 1_0 or DCI format 1_1 for active

UL BWP P of carrier f of the primary cell C that the UE detects for PUCCH transmission occasion ! or is
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 Clause 11.3

Go.rc(GD) =g, (-0, D)+ ZéPUCCH,b,f,c(m’l)
m=0

[ Al
1€10,1 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 ! 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 l through
the link to a corresponding pO0-PUCCH-Id index

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

dc,)-1

is the current PUCCH power control adjustment state I for

active UL BWP D of carrier f of serving cell € and PUCCH transmission occasion ! , where

o}
The ~PUCCHb.f.¢ values are given in Table 7.1.2-1

dc)-1

Z 6PUCCH,b,f,c (m,1) C

m=0 is a sum of TPC command values in a set i of TPC command values with
cardinality dcf) that the UE receives between Kpucc (i-p)-1 symbols before PUCCH transmission
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occasion | ™ %o and Keucn ) symbols before PUCCH transmission occasion ! on active UL BWP b of
carrier f of serving cell C for PUCCH power control adjustment state, where " >0 is the smallest

integer for which Kpveen (= 1y) symbols before PUCCH transmission occasion '~ o js earlier than
Kyucen () 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, Koyeen () is a number of symbols for active UL BWP b of carrier f of serving cell C 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, Koueen () s a number of Kruccmn symbols equal to the product of a number of symbols
slot

per slot, %™ and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL
BWP b of carrier f of serving cell N

If the UE has reached maximum power for active UL BWP b of carrier f of primary cell C atPUCCH
dc,)-1

i Zépuccm:,f,c(m’l) =0

0 and m=0 , then

.. . i) = i-i,l
transmission occasion " b, 1) =G (0= o, 1)

If UE has reached minimum power for active UL BWP b of carrier | of primary cell C at PUCCH
dc))-1

Z Spuccrp, f,c(m: D=0

.. . -1 i,)= i-i,l
transmission occasion '~ ' and m=0 , then Go,1.e (6D =G, 1.c(0= T 1)

PO?PUCCH,b, f.c (q.)

If a configuration of a value for a corresponding PUCCH power control adjustment

state l for active UL BWP D of carrier [ of serving cell Cis provided by higher layers,

gb,f,c (k!l) :O:k :O,l,..., i

If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of I' from the value
of 9u based on a pucch-SpatialRelationInfold value associated with the p0-PUCCH-Id value

corresponding to 9 and with the closedLoopIndex value corresponding to ! ; otherwise, =0
Else,
gb,f,c (O’I) = APrampup,b,f,c +5b,f,c , where I =0 , and ab,f,c is

- the TPC command value indicated in a random access response grant corresponding to a PRACH
transmission according to Type-1 random access procedure, or in a MsgB grant corresponding to
PRACH and PUSCH transmissions according to Type-2 random access procedure with RAR
message(s) for fallbackRAR, or

dc)-1

Z 5PUCCH,b,f,c (m,1)
- included in m=0 if a MsgB includes a successRAR with a TPC command value,
or

- 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 of carrier f of serving cell ¢ ,
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b
aX
Apmmpup)b,f)c =min %JCMAX, fe ™ (POJUCCH,b,f,c + PLb, fie (qd )+ AF?PUCCH (F)+ ATF,b,f,c + (Sb,f,c)
P

rampuprequested b, f ,c¢

otherwise,
i Ho, i
. Omax 0
rampup,b, f,c — I [] PCMAX, fio” (POJUCCH,b, fet PLb,f,c(qd )) 0
a a
DAPrumpupnzquested,b,f,c 0 where A 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 f of primary cell € and
AF—PUCCH(F) 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 ~FUCHb:f-¢ yalues

TPC Command Accumulated 5PUCCH,b, f.c
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS, a UE splits a linear value Pars p.1.c(:4551) of the transmit power P, (641) on active UL BWP P of

carrier f of serving cell ¢ equally across the configured antenna ports for SRS.

7.3.1 UE behaviour

If a UE transmits SRS based on a configuration by IE SRS-Config on active UL BWP b of carrier f of serving cell

¢ using SRS power control adjustment state with index I , the UE determines the SRS transmission power

IDSRS,b,f,c(i’qs’l) l

in SRS transmission occasion * as

. . H PCMAX, f,c(i): ﬁ
PSRS,b,f,c(l’qS’l) =min [|

u . .0
ﬁpostS,b,f,c (q,) +101log,, (2’ "M ggs, b,f,c @) +aSRS,b,f,c(qs) 'PLb,f,c (q4)+ hb,f,c (l,l)ﬁ [dBm]

where,

Pewax, 1.0 (D) is the UE configured maximum output power defined in [8, TS 38.101-1], [8-2, TS38.101-2] and

[TS 38.101-3] for carrier f of serving cell C in SRS transmission occasion !

P
o_sts.b..c(d) is provided by p0 for active UL BWP b of carrier ' of serving cell € and SRS resource set

ds provided by SRS-ResourceSet and SRS-ResourceSetld

MSRS,b, f.c (i) .

is a SRS bandwidth expressed in number of resource blocks for SRS transmission occasion

active UL BWP b of carrier f of serving cell C and H is a SCS configuration defined in [4, TS 38.211]

lOIl
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o
- SRS.b.f.c @) is provided by alpha for active UL BWP b of carrier f of serving cell C and SRS resource set

4

PL, ; .(q4) Qi

is a downlink pathloss estimate in dB calculated by the UE using RS resource index
described in Clause 7.1.1 for the active DL BWP of serving cell C and SRS resource set as [6, TS 38.214]. The

RS resource index Qi is provided by pathlossReferenceRS associated with the SRS resource set s and is
either an ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index If
the UE is provided enablePLRSupdateForPUSCHSRS, a MAC CE [11, TS 38.321] can provide by SRS-

PathlossReferenceRS-1Id a corresponding RS resource index (, for aperiodic or semi-persistent SRS

resource set

- If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, or before the UE is provided

PLb,f,c (a4)

dedicated higher layer parameters, the UE calculates 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

- Ifthe UE
- is not provided pathlossReferenceRS or SRS-PathlossReferenceRS,
- is not provided spatialRelationInfo, and

- is provided enableDefaultBeamPlForSRS

the UE determines a RS resource index 1 providing a RS resource with 'QCL-TypeD' in

- the TCI state or the QCL assumption of a CORESET with the lowest index, if CORESETs are provided in
the active DL BWP

- the active PDSCH TCI state with lowest ID [6, TS 38.214], if CORESETs are not provided in the active
DL BWP

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

transmission occasion !

Po. .G 1) = o G 1) , where Fo.p.c (D) is the current PUSCH power control adjustment state as described
in Clause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for
SRS transmissions and PUSCH transmissions; or

ds,)-1

hy () =h,; (i- ;) + Z(SSRS,b,f,c (m)
m=0 if the UE is not configured for PUSCH transmissions on active UL

BWP D of carrier f of serving cell C, 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 Oss.bf ¢ values are given in Table 7.1.1-1

) m
SRS,b, f o(m) is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as
described in Clause 11.4
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ds,)-1

ZésRs, b, f,c(m) s

m=0 is a sum of TPC command values in a set ¢ of TPC command values with cardinality
dS") that the UE receives between Ksis(i=1)1 symbols before SRS transmission occasion =1 and

Kes (0 symbols before SRS transmission occasion I on active UL BWP P of carrier f of serving cell
C for SRS power control adjustment state, where iy >0 is the smallest integer for which Kops (i- 1)
symbols before SRS transmission occasion i= 4o i earlier than Kss (i) symbols before SRS transmission
occasion i

if the SRS transmission is aperiodic, Ksws () s a number of symbols for active UL BWP b of carrier f

of serving cell C 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, Kaps (1) is a number of Xsksmin symbols equal to
slot

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

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

If the UE has reached maximum power for active UL BWP b of carrier f of serving cell C at SRS
ds;)-1

ZésRs, b, f,c(m) =0

.. . -1 h i) =h i-1
transmission occasion '~ ' and m=0 , then b.r.e () =y, (= o)

If UE has reached minimum power for active UL BWP b of carrier f of serving cell C at SRS
ds;)-1

ZésRs, b,f,c(m) <0

.. . i-1 h i) =h i-i
transmission occasion 0 and m=0 , then b.r.c () =y, (= o)

If a configuration for a Po srsb.1.¢(d5) value or fora #srs:b.1.c (@) value for a corresponding SRS

power control adjustment state I for active UL BWP P of carrier f of serving cell Cis provided by
higher layers

h,, (k)=0,k=0,1,..,i

Else

(0) = +
b,f,c rampup b, f ,c msg2,b,f,c

where

0

m$92b,1.¢ s the TPC command value indicated in the random access response grant corresponding to

the random access preamble that the UE transmitted on active UL BWP b of carrier f of the serving
¢
cell -, and

0 HO, H 0
- Omax ( B . ) ,0
AP pipp, fc =N ] H Poviax, r.c = \Po_srs b, 1,c(4s) +10log,, (2’ Meps b1 (D) + s, 1..(q5) PLy  (q4) H 0
0
DAPrampuprequested,b,f,c D ;
AP bt s . .
where rampuprequested.b, f.c g 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 C.
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hb,f,c (l) = 55R5,b,f,[ (1)

- if the UE is not configured for PUSCH transmissions on active UL BWP b of carrier f

of serving cell C, 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 Ksrs,mm symbols before a first symbol of SRS transmission occasion i , where
absolute values of Osrs,b. 1 .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 4s ; otherwise, the update of the power
1

control adjustment state SRS transmission occasion ' occurs at the beginning of the first transmitted SRS

resource in the SRS resource set Is .

If a UE transmits SRS based on a configuration by IE SRS-Positioning-Config on active ULBWP b of carrier f

of serving cell ¢ , the UE determines the SRS transmission power P SRS,b f,c i, qs) in SRS transmission

occasion [ as
. HPCMAX,f,c(i)’ H

Pips 1, f,c(i! q,) =min ]

u . D
f By srs b, f.c (q,) +10log,( (2" Mg, f,c(l)) *+Osps b, £ e (q,) -PL,, f,c(qd )ﬁ [dBm]

where,

- PO,SRS,b,f,c (qs) and Qg sps b fe (qs) are provided by p0 and alpha respectively, for active UL BWP

b of carrier f ofservingcell ¢ ,and SRSresourceset ¢, is indicated by SRS-ResourceSetld
from SRS-ResourceSet, and

- PLb’f,C ( qd) is a downlink pathloss estimate in dB calculated by the UE, as described in Clause 7.1.1 in case
of an active DL BWP of a serving cell ¢ , using RS resource indexed (; in a serving or non-serving cell
for SRS resource set (, [6, TS 38.214]. A configuration for RS resource index (,; associated with SRS

resource set (, is provided by pathlossReferenceRS
- if a ssb-Index is provided, referenceSignalPower is provided by ss-PBCH-BlockPower
- if a dI-PRS-Resourceld is provided, referenceSignalPower is provided by dI-PRS-ResourcePower

If the UE determines that the UE is not able to accurately measure PLb)f ’ C( qd) , the UE calculates
PL qd) using a RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB

b.f,c

The UE indicates a capability for a number of pathloss estimates that the UE can simultaneously maintain.
7.4 Physical random access channel

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

1

BWP b of carrier f of serving cell C based on DL RS for serving cell C in transmission occasion ! as

1

. | . |
PPRACH,b,f,c (i) =min | Pry,x. f.c (i), PPRACH,IAIget, et PLb,f,cJ [dBm]

where Foviax e (1) is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and

[8-3, TS 38.101-3] for carrier f of serving cell ¢ within transmission occasion i S Poraciamet e is the PRACH target
reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active

UL BWP D of carrier f of serving cell C, and Plore isa pathloss for the active UL BWP b of carrier f based on
the DL RS associated with the PRACH transmission on the active DL. BWP of serving cell ¢ and calculated by the UE
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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 Clause 13, the UE determines PLyjc 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 Unew s associated with a SS/PBCH block, as described in
Clause 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
contention-free random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-
collocated with as described in Clause 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 9new is associated with a periodic CSI-RS configuration as described in Clause
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 Clause 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 Clause 7.5, or due to power
allocation in EN-DC or NE-DC or NR-DC operation, 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 Clause 7.5, or due to power allocation in EN-DC or NE-
DC or NR-DC operation, 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 PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective

.. . i p i p i . . P i) . ..
transmission occasion ! would exceed Femax (D) , where Pemax (D) g the linear value of cax (D) in transmission

occasion I as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to
PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the

total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to Powiax (D)
for that frequency range in every symbol of transmission occasion ' 'When determining a total transmit power for
serving cells in a frequency range 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

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

- PUCCH transmission with CSI or PUSCH transmission with CSI

- PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure,
PUSCH transmission on the PCell
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- 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. 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 Pire for transmissions on the MCG by p-MaxEUTRA and a maximum power Pk for
transmissions in FR1 on the SCG by p-NR-FR1.

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using Pirg as the maximum
transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5

using Pyr as the maximum transmission power. The UE determines transmission power for the SCG in FR2 as
described Clauses 7.1 through 7.5.

A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a
cell that is included in an EN-DC configuration.

P, P,

- 5 5 EN-DC . . P . . P
Pirg + Pyg > P LtE ig the linear value of “LTE | “Mr g the linear value of "™,

If a UE is configured with Toal  where

and Prai i 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.

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-
PatternConfig-r16 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 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 does
not indicate a capability tdm-Pattern-dualTx in [16, TS 38.306], and is configured with tdm-PatternConfig-
r16, the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission on a subframe
on the MCG.

- 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 2 of the
SCG in FR1, and

D . D . »EN-DC i
if Puco i) + Pucg (i) > PRI any portion of slot 2 of the SCG,

. iy . - . HEN-DC
the UE reduces transmission power in any portion of slot 2 of the SCG so that oo (i) + Poog (i) <Proi in

Py (i) (i,)

any portion of slot L2 where and Fsco are the linear values of the total UE transmission powers in

subframe i of the MCG and in slot b of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot b of the SCG if Py (i)
Puco (i) + Pucg i) <P in any portion of slot b of the SCG. The UE is required to
transmit in slot 2 of the SCG if P i) would not need to be reduced by more than the value provided by
Puca (i) + Poeg (i) <P 5 o) portions of slot 2.

would need to be reduced by more than the value provided by

Xscare in order for

Xscare in order for
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- 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 or by
tdm-PatternConfig-r16 in [13, TS 36.213]).

7.6.1A NE-DC

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

configured a maximum power Pw for transmissions in FR1 on the MCG by p-NR-FR1 and a maximum power Pire for
transmissions on the SCG by p-MaxEUTRA.

The UE determines transmission power for the MCG in FR1 as described Clauses 7.1 through 7.5 using Pwas the

P

maximum transmission power for ~cMAX =Pk _ The UE determines transmission power for the MCG in FR2 as

described Clauses 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 Prre as the maximum transmission power.

If at least one symbol of slot i of the MCG that is indicated as uplink or flexible by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated overlaps with subframe 2 of the SCG

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

P, . -
LTE a5 the maximum transmission power

otherwise

- the UE determines a transmission power for the SCG as described in [13, TS 36.213] without considering Prre
as the maximum transmission power

P,

13NE-DC X .
NR g the linear value of

p p p . . P
Bire + Pyg > Prog , where Pire s the linear value of “LTE ,

If a UE is configured with

phepc , , : - . o
Pyr ,and ~Teal g 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 i of the MCG in FR1 overlap in time with UE transmission(s) in subframe

I of the SCG, and

N . . » NE-DC :
- if Puca (1) +Bicg (1) > Pro in any portion of slot " of the MCG,

- . . i Pycc (i) + Py (1, ) @PREPC
the UE reduces transmission power in any portion of slot " of the MCG so that ~ MG (1) + Bocg [ 1,) o

(i,) (i)

in all portions of slot *, where Bucc'i) and Pies'2’ are the linear values of the total UE transmission powers

in slot I of the MCG in FR1 and in subframe 2 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 NR-DC

If a UE is configured with an 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
Clauses 7.1 through 7.5.

If a UE is configured with an MCG and a SCG using NR radio access in FR1 and/or in FR2, the UE is configured a
maximum power Py, for transmissions on the MCG by p-NR-FR1 and/or by p-NR-FR2 and a maximum power

Py for transmissions on the SCG by p-NR-FR1 and/or by p-NR-FR2 and with an inter-CG power sharing mode

by NR-DC-PC-mode for FR1 and/or by NR-DC-PC-mode for FR2. The UE determines a transmission power on the
MCG and a transmission power on the SCG per frequency range.

If a UE is provided NR-DC-PC-mode = Semi-static-model, the UE determines a transmission power for the MCG or for
the SCG as described in Clauses 7.1 through 7.5 using Pycc or Pgoc as the maximum transmission power,
respectively.

If a UE is provided NR-DC-PC-mode = Semi-static-mode2

- if at least one symbol of slot 1; of the MCG or of the SCG that is indicated as uplink or flexible to a UE by
tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, if provided, overlaps with a
symbol for any ongoing transmission in slot I, of the SCG or of the MCG, respectively, the UE determines a
power for the transmission on the SCG or the MCG inslot 1, as described in Clauses 7.1 through 7.5 using

Py or Py , respectively, as the maximum transmission power

- otherwise, the UE determines a transmission power for the MCG or the SCG, as described in [8-3, TS 38.101-3]
and in Clauses 7.1 through 7.5 without considering Py, or Pgcs , respectively

The UE expects to be provided NR-DC-PC-mode = Semi-static-modeZ2 only for synchronous NR-DC operation [10, TS
38.133].

If the UE indicates a capability for dynamic power sharing between the MCG and the SCG and is provided NR-DC-PC-
mode = Dynamic

- if UE transmission(s) in slot [; of the MCG overlap in time with UE transmission(s) in slot i, of the SCG
o Dactual (; |, Pactual

andif Pl 11)+ P

. . . actual

power in any portion of slot i, of the SCG so that Pjscc

, Nactual { ; Nactual | ; I . : .
I, , where P;’;tc“g (11) and chcmGa (l 2) are the UE transmission powers in slot 1; of the MCG and in

. \_PHNRDC . . : -
12)>PTotal in any portion of slot 1, of the SCG, the UE reduces transmission

.\, Pactal (; | _ HNRDC . .
11)+ Psce (12) < Ppya  inall portions of slot

slot I, of the SCG, respectively, that the UE determines according to Clauses 7.1 through 7.5 using
Pycc and Py |, respectively, as the maximum transmission powers on the MCG and the SCG and

1’5%:13(: is the linear value of a configured maximum transmission power for NR-DC operation in FR1 as
defined in [8-3, TS 38.101-3]

- if UE transmission(s) in slot 1; of the MCG orinslot i, of the SCG do not overlap in time with any UE
transmission(s) on the SCG or the MCG, respectively, the UE determines a transmission power in slot [, of
the MCG or in slot i2 of the SCG as described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without
considering Pycc or Py ,respectively

If a UE
- is provided NR-DC-PC-mode = Dynamic, and

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

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

offset
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- overlap with the transmission occasion on the SCG

the UE determines a maximum transmission power on the SCG at the beginning of the transmission occasion on the
SCG as

- min|Pgeg, PasPC—Pitd!| | if the UE determines transmissions on the MCG witha Pl total

power
DNR-DC . . o
- Py > if the UE does not determine any transmissions on the MCG

The UE does not expect to have transmissions on the MCG that

- are scheduled by DCI formats in PDCCH receptions with a last symbol that is earlier by less than or equal to
T e  from the first symbol of the transmission occasion on the SCG, and

- overlap with the transmission occasion on the SCG

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 UL BWP P of carrier f of serving cell ¢ . A Type 3 UE power headroom PH that

is valid for SRS transmission occasion ! on active UL BWP P of carrier f of serving cell C.

A UE determines whether a power headroom report for an activated serving cell [11, TS 38.321] is based on an actual
transmission or a reference format based on the higher layer signalling of configured grant and periodic/semi-persistent
sounding reference signal transmissions and downlink control information the UE received until and including the
PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format 0_1 scheduling an initial
transmission of a transport block since a power headroom report was triggered if the power headroom report is reported
on a PUSCH triggered by the first DCI. Otherwise, a UE determines whether a power headroom report is based on an
actual transmission or a reference format based on the higher layer signalling of configured grant and periodic/semi-
persistent sounding reference signal transmissions and downlink control information the UE received until the first
uplink symbol of a configured PUSCH transmission minus T"proc,2=Tproc. Where Tproc2is determined according to [6, TS
38.214] assuming d,; = 1, d2,=0, and with pp; corresponding to the subcarrier spacing of the active downlink BWP of
the scheduling cell for a configured grant if the power headroom report is reported on the PUSCH using the configured
grant.

If a UE

- is configured with two UL carriers for a 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. For NR-DC when both the MCG and the SCG operate either in FR1 or in FR2 and for a
power headroom report transmitted on the MCG or the SCG, the UE computes PH assuming that the UE does not
transmit PUSCH/PUCCH on any serving cell of the SCG or the MCG, respectively.

If the UE is configured with a SCG,

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

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

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

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

7.7.1 Type 1 PH report

If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH

transmission then, for PUSCH transmission occasion ! on active UL BWP b of carrier f of serving cell ¢ , the UE
computes the Type 1 power headroom report as

.. N . M . . . o
PH iy e (s JsGas D) =Poyiax .0 (D | Po puscup, . (J) +1010g,, (2’ Mrggls;c;[c(l)) +ay () PLy () ¥ Aggy D)+ fop (D) ] [dB]
; . PUSCH . ; . .
where PCMAX,f,c(l) ) PO?PUSCH,b,f,c(J) i MRB,b,f,c(l) ) ab,f,c(J) , PLb,f,c(qd)’ ATEb,f,c(l) and fb)f,c (X)) are defined in
Clause 7.1.1.

If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration 1 on active UL BWP
b, of carrier fi of serving cell 1 is smaller than a SCS configuration “2 on active UL BWP b, of carrier f> of

serving cell C2 , 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
report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP
the slot on active UL BWP b, . If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS

b

2 | the UE provides a Type 1 power headroom

b> that fully overlaps with

configuration on active UL BWP b, of carrier fi of serving cell 1 and active UL BWP ~2 of carrier fs of

C
serving cell 2, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active

UL BWP b, , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL

BWP b, that overlaps with the slot on active UL BWP b, .

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if E-UTRA Dual Connectivity PHR
[14, TS 36.321] is triggered, the UE provides power headroom of the first PUSCH, if any, on the determined NR slot as
described in clause 7.7.

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

UL BWP b, of carrier fi of serving cell G , a second PUSCH transmission on active UL BWP b, of carrier f of

serving cell C2 that overlaps with the first PUSCH transmission if
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- 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

or

- the second PUSCH transmission is after the first uplink symbol of the first PUSCH transmission minus
T'proc.2=Tproc,, Where Tproc» is determined according to [6, TS 38.214] assuming d»; =1, d»,=0, and with pp;
corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant
if the first PUSCH transmission is on a configured grant after a power headroom report was triggered.

If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH

transmission then, for PUSCH transmission occasion ! on active UL BWP b of carrier f of serving cell C | the UE
computes the Type 1 power headroom report as

. ~ N . . -
PH o1 .05 G5 Gasl) =Poviax 1.0 (D = | Po puscup, r.c(J) + @ ¢ (J) PLy ;. (qq) + fb,f,c(l)l)J [dB]

[ ;
where ~ A%/ 0 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], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are

p . ;
defined in Clause 7.1.1 where =~ O-PUSCHb.f <) and “»f ) are obtained using Fo_womar_pusci, i (0) and pO-
PUSCH-AlphaSetld = 0, PLy,1.c(4) 5 obtained using pusch-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 clause 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 L' on active UL BWP b of carrier f of serving cell c and if the

UE is not configured for PUSCH transmissions on carrier f of serving cell c , the UE computes a Type 3 power
headroom report as

. | B . N
PH 3 .. (,95) =Poyiax e (D= | Po sgsp,f.c(qs) +10108,0(2° -Mgps p .o (D)) + Qs 1 (qs) “PLy ;. (qq) + hy (1) ]
[dB]

PCMAX, f.c ( i) Py srs,b, foc (qs) Mgrs b, f.c )] aSRS,b, f.c (qs ) pL, f.c @4) hb, f.c Q)

where and are defined in Clause

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 I on UL BWP b of carrier f of serving cell c , and if the UE is

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

. ~ ~ | N
PthpeSb,f,C(ls qs) :PCMAX,f,c (l) - { PO?SRS,b,f,c(qs) + aSRS,b,f,C(QS) 'PLb,f,c (qd) + hb,f,c(l)J [dB]

3GPP



Release 16 42 3GPP TS 38.213 V16.0.0 (2019-12)

P
where 95 is a SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b ang “osesbire ) ,

o .
ses, 1.c (45) , PLy, 1.(q4) and 1. () are defined in Clause 7.3.1 with corresponding values obtained from SRS-

I )
ResourceSetld = 0 for UL BWP D . fovax.f.c (0 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], [8-2, TS38.101-2] and [8-3, TS
38.101-3].

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 may receive from higher layers an indication to
perform a Type-1 random access procedure, as described in Clauses 8.1 through 8.4, or a Type-2 random access
procedure as described in Clauses 8.1 through 8.2A.

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

(index to logical root sequence table, cyclic shift (7 ©5), and set type (unrestricted, restricted set A, or restricted
set B)).

From the physical layer perspective, the Type-1 L1 random access procedure includes the transmission of random
access preamble (Msg1) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg?2), and
when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.

From the physical layer perspective, the Type-2 L.1 random access procedure includes the transmission of random
access preamble in a PRACH and of a PUSCH (MsgA) and the reception of a RAR message with a PDCCH/PDSCH
(MsgB), 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].

P
- A preamble index, a preamble SCS, ~ PRACH.@®et "5 corresponding RA-RNTI, and a PRACH resource.

P .
A PRACH is transmitted using the selected PRACH format with transmission power = PRACHD. f <)

Clause 7.4, on the indicated PRACH resource.

,as described in
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N
For Type-1 random access procedure, a UE is provided a number of SS/PBCH blocks associated with one PRACH
R

occasion and a number of contention based preambles per SS/PBCH block per valid PRACH occasion by ssb-
perRACH-OccasionAndCB-PreamblesPerSSB.

For Type-2 random access procedure with common PRACH occasions with Type-1 random access procedure, a UE is
provided a number N  of SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-
OccasionAndCB-PreamblesPerSSB and a number R of contention based preambles per SS/PBCH block per valid
PRACH occasion by msgA-CB-PreamblesPerSSB. The R  contention based preambles per SS/PBCH block per
valid PRACH occasion for Type-2 random access procedure start after the ones for Type-1 random access procedure.

For Type-2 random access procedure with separate PRACH occasions with Type-1 random access procedure, 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-
msgA when provided; otherwise, by ssb-perRACH-OccasionAndCB-PreamblesPerSSB.

N <1 1/N R

If , one SS/PBCH block is mapped to consecutive valid PRACH occasions and contention based
preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from
N2l R

preamble index 0. If , contention based preambles with consecutive indexes associated with SS/PBCH block
of 1
n 0<n<N-1 N;r:aalmble N Nl:[)?zaamble

, per valid PRACH occasion start from preamble index where is provided
by totalNumberOfRA -Preambles for Type-1 random access procedure, or by msgA-totalNumber OfRA-Preambles for
Type-2 random access procedure with separate PRACH occasions from a Type 1 random access procedure, and is an

N

integer multiple of

N

For link recovery, a UE is provided SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-
Occasion in BeamFailureRecoveryConfig. For a dedicated RACH configuration provided by RACH-ConfigDedicated,
N

if cfra is provided, a UE is provided SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-
N<1 /N N >1

Occasion in occasions. If , one SS/PBCH block is mapped to consecutive valid PRACH occasions. If ,
N

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

SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 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
SSB
in the set determined by the PRACH configuration period according Table 8.1-1 such that No SS/PBCH blocks are
SSB
mapped at least once to the PRACH occasions within the association period, where a UE obtains Ny from the value

of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to
PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped
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SSB
to Nay 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.

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

For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is
indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the
PRACH occasions are associated with the selected SS/PBCH block index.

The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the
PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per
SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask
index value for the indicated SS/PBCH block index in the first available mapping cycle.

For the indicated preamble index, the ordering of the PRACH 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

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

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

PRACH configuration period (msec) HRESTEEEN Period_ (numper oAl
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 Neap symbols after a last SS/PBCH

block reception symbol, where Neap is provided in Table 8.1-2.

- the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in
ServingCellConfigCommon

- 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 Neap symbols after a last
downlink symbol and at least Ny symbols after a last SS/PBCH block symbol, where Ny is provided in
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Table 8.1-2, and if ChannelAccessType-r16 = semistatic is provided, does not overlap with a set of
consecutive symbols before the start of a next channel occupancy time where there shall not be any
transmissions, as described in [15, TS 37.213]

- the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in
ServingCellConfigCommon.

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

Table 8.1-2: Neap values for different preamble SCS u

Preamble SCS N gap
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

N., +A iehing T A N, . . . . .
T2 7 TBWPSwiching © TiDelay mgec where 2 is a time duration of N, symbols corresponding to a PUSCH preparation

time for UE processing capability 1 [6, TS 38.214] assuming u corresponds to the smallest SCS configuration
between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH

A =0 A o
transmission, = BWPSwiching if the active UL BWP does not change and ~ 2WPSWiching jg defined in [10, TS 38.133]

otherwise, and Apeay =05 msec for FR1 and Apesy =025 msec for FR2. For a PRACH transmission using 1.25 kHz or
5 kHz SCS, the UE determines N, assuming SCS configuration H :O.

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 “ =0 or ! :1, N'=4 for H =2 or M :3, and “ is
the SCS configuration for the active UL BWP.

8.1A PUSCH for Type-2 random access procedure

For a Type-2 random access procedure, a UE transmits a PUSCH, when applicable, after transmitting a PRACH. The
UE encodes a transport block provided for the PUSCH transmission using redundancy version number 0. If
uselnterlacePUSCH-Common is not provided, the PUSCH transmission is after the PRACH transmission by at least

N symbols where N=2 for p=0 or pu=1 , N=4 for p=2 or p=3 ,and p isthe
SCS configuration for the active UL BWP.

A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion is not mapped to a valid PRACH
occasions. A UE can transmit a PRACH in a valid PRACH occasion if the PRACH occasion is not mapped to a valid
PUSCH occasion.

A mapping between PRACH occasions and PUSCH occasions is per PUSCH configuration.

A UE determines time resources and frequency resources for PUSCH occasions in an active UL BWP from msgA-
PUSCH-config for the active UL BWP. If the active UL BWP is not the initial UL BWP and msgA-PUSCH-config is not
provided for the active UL BWP, the UE uses the msgA-PUSCH-config provided for the initial active UL BWP.

A UE determines a first interlace or first RB for a first PUSCH occasion in an active UL BWP respectively from
interlacelndexFirstPOMsgAPUSCH or from frequencyStartMsgAPUSCH that provides an offset, in number of RBs in
the active UL BWP, from a first RB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a
number of RBs provided by nrofInterlacesPerMsgAPO or by nrofPRBsperMsgAPO, respectively. Consecutive PUSCH
occasions in the frequency domain of an UL BWP are separated by a number of RBs provided by
guardBandMsgAPUSCH. A number [N ¢ of PUSCH occasions in the frequency domain of an UL BWP is provided

by nrMsgAPO-FDM.
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If a UE does not have dedicated RRC configuration, or has an initial UL BWP as an active UL BWP, or is not provided
startSymbolAndLengthMsgAPO, msgA-timeDomainAllocation provides a SLIV and a PUSCH mapping type for a
PUSCH transmission by indicating

- first maxNrofUL-Allocations values from PUSCH-TimeDomainResourceAllocationList, if PUSCH-
TimeDomainResourceAllocationList is provided in PUSCH-ConfigCommon

- entries from table 6.1.2.1.1-2 in [6, TS 38.214], if PUSCH-TimeDomainResourceAllocationList is not provided
in PUSCH-ConfigCommon

else, the is provided a SLIV by startSymbolAndLengthMsgAPO, and a PUSCH mapping type by
mappingTypeMsgAPUSCH for a PUSCH transmission.

For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion with a DMRS resource, a UE
determines a first slot for a first PUSCH occasion in an active UL BWP from msgAPUSCH-timeDomainOffset that
provides an offset, in number of slots in the active UL BWP, relative to the start of each PRACH slot. The UE expects
that a first PUSCH occasion in each slot has a same SLIV [6, TS 38.214] for a PUSCH transmission that is provided by
startSymbolAndLengthMsgAPO.

Consecutive PUSCH occasions within each slot are separated by guardPeriodMsgAPUSCH symbols and have same
duration. A number N, of time domain PUSCH occasions in each slot is provided by nrofMsgAPOperSlot and a
number of consecutive slots that include PUSCH occasions is provided by nrofSlotsMsgAPUSCH.

A UE is provided a DMRS configuration for a PUSCH transmission in a PUSCH occasion in an active UL BWP by
msgA-DMRS-Configuration.

A UE is provided an MCS for data information in a PUSCH transmission for a PUSCH occasion by msgA-MCS.

For a PUSCH transmission with frequency hopping in a slot, when indicated by msgA-intraSlotFrequencyHopping for
the active UL BWP, the frequency offset for the second hop [6, TS 38.214] is determined as described in Clause 8.3,

Table 8.3-1 using msgA-HoppingBits instead of Notsop . If guardPeriodMsgAPUSCH is provided, a first symbol of the
PUSCH transmission after frequency hopping is separated by guardPeriodMsgAPUSCH symbols from a last symbol of
the PUSCH transmission before frequency hopping; otherwise, there is no time separation of the PUSCH transmission
before and after frequency hopping. A PUSCH transmission uses a same spatial filter as an associated PRACH
transmission.

A UE determines whether or not to apply transform precoding for a PUSCH transmission as described in [6, TS
38.214].

A PUSCH occasion for PUSCH transmission is defined by a set of frequency resources, time resources, and is
associated with a DMRS configuration, from a number N, of DMRS configurations provided by msgA-DMRS-
Configuration.

A consecutive number of N preamble  Preamble indexes from valid PRACH occasions in a slot

- 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
are mapped to a valid PUSCH occasion

- first, in increasing order of frequency resource indexes f;; for frequency multiplexed PUSCH occasions

- second, in increasing order of DMRS indexes within a PUSCH occasion, where a DMRS index DMRS,; is

determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS
sequence index [4, TS 38.211]

- third, in increasing order of time resource indexes f;; for time multiplexed PUSCH occasions within a
PUSCH slot
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- fourth, in increasing order of indexes for PUSCH slots

where N

per association pattern period, and T'pyscy s a total number of valid sets of PUSCH occasions per association
pattern period multiplied by the number of DMRS indexes per valid PUSCH occasion.

preamble — C€il (Tpreamble/ Touscu| T camble s a total number of preambles in valid PRACH occasions

A PUSCH occasion is valid if it does not overlap in time and frequency with any PRACH occasion associated with
either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, if a UE is provided tdd-
UL-DL-ConfigurationCommon, a PUSCH occasion is valid if

- it is within UL symbols, or

- it does not precede a SS/PBCH block in the PUSCH slot and starts at least N gap Symbols after a last

downlink symbol and at least N gap  Symbols after a last SS/PBCH block symbol, where N gap s provided
in Table 8.1-2.

8.2 Random access response - Type-1 random access procedure

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
Clause 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 Clause 10.1.
The length of the window in number of slots, based on the SCS for Typel-PDCCH CSS set, is provided by ra-
ResponseWindow.

If the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTTI 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

PRACH no later than Ny +0.75 msec after the last symbol of the window, or the last symbol of the PDSCH reception,

where No is a time duration of N, symbols corresponding to a PDSCH processing time for UE processing capability 1

assuming u corresponds to the smallest SCS configuration among the SCS configurations for the PDCCH carrying
the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-RS is configured, and the corresponding

PRACH. For “ =0 the UE assumes ™0 =4 [6, TS 38.214]. For a PRACH transmission using 1.25 kHz or 5 kHz
SCS, the UE determines N, assuming SCS configuration H :O.

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
Clause 8.1, regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the
PDCCH with the DCI format 1_0.

If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a
PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the
SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order
have same DM-RS antenna port quasi co-location properties. If the UE attempts to detect the DCI format 1_0 with CRC
scrambled by the corresponding RA-RNTT in response to a PRACH transmission initiated by a PDCCH order that
triggers a contention-free random access procedure for a secondary cell, the UE may assume the DM-RS antenna port
quasi co-location properties of the CORESET associated with the Typel-PDCCH CSS set for receiving the PDCCH that
includes the DCI format 1_0.
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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 Omsgi e is used for setting the power of the PUSCH transmission, as described in Clause
7.1.1, and is interpreted according to Table 8.2-2.

The CSI request field is reserved.

The Channel Access-CPext field indicates a channel access type and CP extension for operation with shared spectrum
channel access [15, TS 37.213].

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

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

PUSCH frequency resource allocation

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

0, for operation without shared spectrum channel access

ChannelAccess-CPext 2, for operation with shared spectrum channel access

Table 8.2-2: TPC Command Omsg2 e 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].

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

In response to a transmission of a PRACH and a PUSCH, 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 Type1-PDCCH CSS set,
as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the
PUSCH transmission, where the symbol duration corresponds to the SCS for Typel-PDCCH CSS set. The length of the
window in number of slots, based on the SCS for Typel-PDCCH CSS set, is provided by ra-ResponseWindow.

If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding RA-RNTI, and a transport block in a
corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers indicate
to the physical layer
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- an uplink grant if the RAR message(s) is for fallbackRAR and a random access preamble identity (RAPID)
associated with the PRACH transmission is identified, and the UE procedure continues as described in Clause
8.2 when the UE detects a RAR UL grant, or

- transmission of a PUCCH with HARQ-ACK information having ACK value if the RAR message(s) is for
successRAR, where

- a PUCCH resource for the transmission of the PUCCH is indicated by PUCCH resource indicator field of 4
bits in the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon

- aslot for the PUCCH transmission is indicated by a PDSCH-to-HARQ_feedback timing indicator field of 3
bits in the successRAR having a value k from {1, 2, 3, 4, 5, 6, 7, 8} and, with reference to slots for

PUCCH transmission having duration Ty, , the slot is determined as ~ ceil([n+k+A+t,/T
where n s aslot of the PDSCH reception, A is as defined for PUSCH transmission in Table
6.1.2.1.1-5 of [6, TS 38.214], and 2= 0

- the UE does not expect the first symbol of the PUCCH transmission to be after the last symbol of the
PDSCH reception by a time smaller than N ;+0.5+t, msec where N;; isthe PDSCH
processing time for UE processing capability 1 [6, TS 38.214]

- the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a
last PUSCH transmission

If the UE detects the DCI format 1_0 with CRC scrambled by a C-RNTI and a transport block in a corresponding
PDSCH within the window, the UE transmits a PUCCH with HARQ-ACK information having ACK value if the UE
correctly detects the transport block or NACK value if the UE incorrectly detects the transport block and the time
alignment timer is running [11, TS 38.321].

The UE does not expect to be indicated to transmit the PUCCH with the HARQ-ACK information at a time that is prior
to a time when the UE applies a TA command that is provided by the transport block.If the UE does not detect the DCI
format 1_0 with CRC scrambled by the corresponding RA-RNTT 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 only PRACH according to Type-1 random access procedure or to transmit both PRACH and PUSCH according
to Type-2 random access procedure [11, TS 38.321]. If requested by higher layers, the UE is expected to transmit a

PRACH no later than  Np;+0.75 msec after the last symbol of the window, or the last symbol of the PDSCH
reception, where N 11 s atime duration of N, symbols corresponding to a PDSCH processing time for UE

processing capability 1 when additional PDSCH DM-RS is configured. For p=0 , the UE assumes N, =14
[6, TS 38.214].

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 Clause 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 if uselnterlacePUSCH-Common is not
provided and by uplink resource allocation type 2 if uselnterlacePUSCH-Common is provided [6, TS 38.214]. For an
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size
initial UL BWP size of Niwe RBs, if uselnterlacePUSCH-Common is not provided, a UE processes the frequency
domain resource assignment field as follows

¢ Nowe, <180

size size
- truncate the frequency domain resource assignment field to its HlOgZ(NBWP (NBWP * 1)/ 2)H 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, (s (sie +1)/2)[ - 14

- insert most significant bits with value set to '0" after the = V" bits to the

N UL,hop ™

frequency domain resource assignment field, where 0 if the frequency hopping flag is set to '0'

N
and = ' js 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 determines whether or not to apply transform precoding as described in [6, TS 38.214].

For a PUSCH transmission with frequency hopping scheduled by RAR UL grant or for a Msg3 PUSCH retransmission,
the frequency offset for the second hop [6, TS 38.214] is given in Table 8.3-1.

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

Number of PRBs in initial UL
N nd
BWP Value of "' Hopping Bits FOEGLERD GUERITET 2" [
A 0 [Nz, /2]
Nijwp <50 -
1 IN s /4]
00 IN3es /2]
A o1 INS= /4]
N >50 BV_“’/
10 - [N, /4]
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. If a TC-RNTT is provided by higher layers, the scrambling initialization of the PUSCH
corresponding to the RAR UL grant in clause 8.2 is by TC-RNTI. Otherwise, the scrambling initialization of the
PUSCH corresponding to the RAR UL grant in clause 8.2 is by C-RNTI. Msg3 PUSCH retransmissions, if any, of the
transport block, are scheduled by a DCI format 0_0 with CRC scrambled by a TC-RNT1I 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 1 fora corresponding PRACH transmission from the UE, the UE transmits the PUSCH

inslot ™F ky +A , where ks and A are provided in [6, TS 38.214].

The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR message with a
RAR UL grant and the first symbol of a corresponding PUSCH transmission scheduled by the RAR UL grant is equal to

N;, +N;, +0.5
LT msec, where N11 is a time duration of V1 symbols corresponding to a PDSCH processing time for
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UE processing capability 1 when additional PDSCH DM-RS is configured, Nz is a time duration of N2 symbols
corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] and, for determining the

N

minimum time, the UE considers that *'! and N, correspond to the smaller of the SCS configurations for the PDSCH

and the PUSCH. For # =9 the UE assumes '* ' [6, TS 38.214].

8.4 PDSCH with UE contention resolution identity

In response to a PUSCH transmission scheduled by a RAR UL grant when a UE has not been provided a C-RNTI, the
UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that
includes a UE contention resolution identity [11, TS 38.321]. In response to the PDSCH reception with the UE
contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The PUCCH transmission is
within a same active UL BWP as the PUSCH transmission. A minimum time between the last symbol of the PDSCH
reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information is equal to
Ny 0.5 msec. Nz is a time duration of N, symbols corresponding to a PDSCH processing time for UE

processing capability 1 when additional PDSCH DM-RS is configured. For * :O, the UE assumes Ny, =14 [6, TS

38.214].

When detecting a DCI format in response to a PUSCH transmission scheduled by a RAR UL grant, as described in [11,
TS 38.321], or corresponding PUSCH retransmission scheduled by a DCI format 0_0 with CRC scrambled by a TC-
RNTI provided in the corresponding RAR message [11, TS 38.321], the UE may assume the PDCCH carrying the DCI
format has the same DM-RS antenna port quasi co-location properties, as described in [6, TS 38.214], as for a
SS/PBCH block the UE used for PRACH association, as described in Clause 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.

9 UE procedure for reporting control information

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

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

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

If a 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

- is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs
on active DL BWPs of serving cells, and

- is provided CORESETPoolIndex with a value of 1 for second CORESETSs on active DL BWPs of the serving
cells, and

- is provided ACKNACKFeedbackMode = SeparateFeedback

the UE shall separately apply the procedures described in Clauses 9.1 and 9.2.3 for reporting HARQ-ACK information
associated with the first CORESETs on active DL BWP of the serving cells and for reporting HARQ-ACK information

3GPP



Release 16 52 3GPP TS 38.213 V16.0.0 (2019-12)

associated with the second CORESETs on active DL BWP of the serving cells. HARQ-ACK information reporting is
associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-
ACK information by the UE.

For NR-DC when both the MCG and the SCG operate either in FR1 or in FR2 and for a power headroom report
transmitted on the MCG or the SCG, the UE computes PH assuming that the UE does not transmit PUSCH/PUCCH on
any serving cell of the SCG or the MCG, respectively.

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

A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index
is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either
for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority
index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP,
PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2,
a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a
DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK
information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority
index, a UE determines to transmit

- afirst PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a
transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second
PUCCH, the UE does not transmit the PUSCH or the second PUCCH

- aPUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would
overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH

- afirst PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving
cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the
UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI
format

In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH
or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or
the PUSCH.

In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH
transmission includes a number of symbols indicated by subslotLength-ForPUCCH.

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

If a UE would transmit CSI reports on overlapping physical channels, the UE applies the priority rules described in [6,
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 Clause 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 Clause 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.
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A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration 1 ucl of same type
<
that the UE would transmit in PUCCHs in different slots with SCS configuration Ha g t sty

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

A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release and indicating a
resource for a PUCCH transmission with corresponding HARQ-ACK information in 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 Clause 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 formats and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and
the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Clause
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 Clause 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 smallest
ServCellindex that fulfil the conditions in Clause 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 and/or CSI
information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the
multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for
multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in
the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in
the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with
HARQ-ACK and/or CSI 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 that includes a DAI field, the value of
the DATI 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.

If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a
ConfiguredGrantConfig, or in an activated PUSCH transmission configured by semiPersistentOnPUSCH, and includes
CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is
provided cg-CG-UCI-Multiplexing; otherwise, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK
information in a PUCCH transmission or in another PUSCH transmission.

9.1 HARQ-ACK codebook determination

If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List
to generate one or two HARQ-ACK codebooks

- afirst HARQ-ACK codebook is associated with a PUCCH of priority index either 0 or 1 and a second HARQ-
ACK codebook is associated with a PUCCH of priority index either 1 or 0, respectively

- the UE is provided first and second for each of { PUCCH-Config, UCI-OnPUSCH, PDSCH-
codeBlockGroupTransmission} by { PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-
CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks,
respectively

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 the UE generates two HARQ-
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ACK codebooks, the UE is indicated by harq-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook
index for multiplexing the corresponding HARQ-ACK information bit.

In the remaining of this Clause, reference is to one HARQ-ACK codebook.
If a UE detects a DCI format 1_1 indicating

- an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time for
activated SCells, as described in Clause 11.5 when all bits of the frequency domain resource assignment field are
equal to either zero or one for resource allocation type of either 0 or 1, respectively, and

- is provided pdsch-HARQ-ACK-Codebook = dynamic

the UE generates a HARQ-ACK information bit as described in Clause 9.1.3 for a DCI format 1_1 scheduling a
PDSCH reception and the HARQ-ACK information bit value is ACK.

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

For a HARQ-ACK information bit, a UE generates a positive acknowledgement (ACK) if the UE detects a DCI format
that provides a SPS PDSCH release or correctly decodes a transport block, and generates a negative acknowledgement

(NACK) if the UE does not correctly decode the transport block. A HARQ-ACK information bit value of 0 represents a
NACK while a HARQ-ACK information bit value of 1 represents an ACK.

A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in
a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group.

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

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 = HAR® ACK of CBGs for generating respective
HARQ-ACK information bits for a transport block reception for the serving cell.

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

CBG/TB _
NHARQ- ACK =M .

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

NCBG/TB, max CBG/TB < NCBG/TB,maX

The HARQ-ACK codebook includes the = HARQ-ACK HARQ-ACK information bits and, if = HARQ ACK HARQ-ACK fq
NCBG/TB,max _ NCBG/TB

a transport block, the UE generates a NACK value for the last = HARQACK 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 = HARTACK CBGs and does not correctly detect the transport block for the

NCBG/T B CBG/TB
HARQ-ACK CBGs, the UE generates a NACK value for each of the = HARTACK CBGs,
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9.1.2 Type-1 HARQ-ACK codebook determination

This clause 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 repeat __
If the UE is provided pdsch-AggregationFactor, ~ PPSCH is a value of pdsch-AggregationFactor; otherwise, ~ PPSCcH =1

_ repeat
The UE reports HARQ-ACK information for a PDSCH reception from slot n= Nppscn +1 to slot " only in a HARQ-

ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot 't k , 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 indicator 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 ™+ 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, or
- a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or

- SPS PDSCH receptions

within the M occasions for candidate PDSCH receptions as determined in Clause 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

receptions according to corresponding M occasion(s) on respective serving cell(s), where the value of counter DAI
in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to SPS PDSCH
receptions are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause
9.1.2.2 for a HARQ-ACK codebook determination apply.

Set N 3515 to the number of serving cells configured to the UE

Set N gps to the number of SPS PDSCH configuration configured to the UE for serving cell ¢

Set N ?L to the number of DL slots for SPS PDSCH reception on serving cell ¢ with HARQ-ACK information
multiplexed on the PUCCH

Set j=0 -HARQ-ACK information bit index
Set ¢=0 - serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while c<N CD;lS

Set s=0 - SPSPDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding
SPS configurations

while s<N>™
Set N,=0 —slotindex
. DL
while np<N,
if UE receives SPS PDSCH in slot N for SPS PDSCH configuration S onservingcell ¢

~ACK

0; = HARQ-ACK information bit for this SPS PDSCH reception
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Jj=Jj+1
end if
np=np+1 ;
end while
s=s+1 ;
end while
c=c+l ;

end while

9.121 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 Clause 12, the UE determines a set of
M

A¢ occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK
information in a PUCCH inslot "'V . If serving cell € is deactivated, the UE uses as the active DL BWP for

M
determining the set of = #¢ occasions for candidate PDSCH receptions a DL BWP provided by
firstActiveDownlinkBWP-Id. The determination is based:

a) on a set of slot timing values Ky associated with the active UL BWP

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 €, Ky s provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI
format1 0

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

b) on aset of 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-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain
resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row
indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP

and defining respective sets of slot offsets Ko | start and length indicators SLIV, and PDSCH mapping types for
PDSCH reception as described in [6, TS 38.214]

c) on the ratio 2" between the downlink SCS configuration “PL and the uplink SCS configuration ‘UL
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-ConfigurationDedicated as described in
Clause 11.1.

If a UE

- is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs
on active DL BWPs of serving cells, and

- is provided CORESETPoolIndex with a value of 1 for second CORESETSs on active DL. BWPs of the serving
cells, and

- is provided ACKNACKFeedbackMode = JointFeedback

where
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- aserving cell is placed in a first set S, of N Do

cells  serving cells if the serving cell includes a first
CORESET, and

DL,1

- aserving cell is placed in a secondset S, of N cells

CORESET, and

serving cells if the serving cell includes a second

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

the UE generates a Type-1 HARQ-ACK codebook foraset S,US; of N2 =N2-2+NP-! serving cells.

cells cells cells

For the set of slot timing values K, , the UE determines a set of M occasions for candidate PDSCH receptions or
SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for
HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH
reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS
PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS
configuration index among the multiple SPS PDSCH releases.

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

M
Set ~ A¢

dk,)

=0

K,

Set to the cardinality of set

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

while k< dKl)

i mod (nU -K, +1, —p ,1)) =0

Set ™ =0 _ index of a DL slot within an UL slot

4. n <Inax(2‘“"“”“])
while "D ’

Set R to the set of rows

dr)

Set to the cardinality of R

Set T =0 —index of row in set R

if slot "'V starts at a same time as or after a slot for an active DL BWP change on serving cell € or an active

- .0 HpL Uy, +
UL BWP change on the PCell and slot H(nU Kl”‘) 2 L+ is before the slot for the active DL BWP

change on serving cell € or the active UL BWP change on the PCell

np,=np+1

5
else

r<dR)

while

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,

lny - K,,) 2% |4y - NI 41 g - K, ) 2% ] 4 ny, N

for each slot from slot to slot

3GPP



Release 16 58 3GPP TS 38.213 V16.0.0 (2019-12)

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

k-th slot timing value in set K, ,

R =R\r :
else
r=r+l,
end if
end while

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R#0 ,

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

else

dr)

Set to the cardinality of R

Set M to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of R

while R#©

Set T =0

r<dRr)

while

if S =M for start OFDM symbol index S for row I

b =j
rkny = J ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row I

R =R\r;
B=BUb,,, .
else
r=r+l,
end if
end while
M,. =M, Uj;
j :j+1;

Set M to the smallest last OFDM symbol index among all rows of R,
end while

end if
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np=np+1

end if
end while
end if
k=k+1.

end while

If the UE indicates a capability to receive more than one PDSCH per slot, for occasions of candidate PDSCH receptions

. . . b b €B
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

- 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

] dMA,C)>1, nd

- PDSCH-CodeBlockGroupTransmission is provided to the UE

NCBG/TB, max
the UE repeats ~ "ARQACK 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 N, symbols prior to a first symbol of a
PUCCH transmission where the UE multiplexes HARQ-ACK information, where N5 is defined in Clause 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 harq-ACK-SpatialBundlingPUCCH is provided.

SACK SACK  ~ACK
A UE determines »71 7 0%-1 HARQ-ACK information bits, for a total number of %A 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
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 M defines a total number Me¢ 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
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set / =0 - HARQ-ACK information bit index

DL
Set Neens to the number of serving cells configured by higher layers for the UE

DL
. C<N
while cells

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

while m<M,

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

Jj=i+l,

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

j=i+l,

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
/= 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;

Jj=i+l,

CBG/TB,max

N
elseif PDSCH-CodeBlockGroupTransmission is provided, and = HARX ACKe CBGs are indicated by

maxCodeBlockGroupsPerTransportBlock for serving cell €,

set a6 =0 _ BG index

CBG/TB, max
. N <N Wy
while CBG HARQ- ACK,c

~ACK

Jjrnese. = HARQ-ACK information bit corresponding to CBG NeBe 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
o G/TBmax

j+ +NGB
Jrnesc*NiaRe Acke = HARQ-ACK information bit corresponding to CBG 86 of the second
transport block;

end if
Nepg =Nepg +1.

end while
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=N NGRS N
¢ Q@ ACKe where  ™¢ is the value of maxNrofCodeWordsScheduledByDCI for the
active DL BWP of serving cell €;

else

~ ACK
0.
/. = HARQ-ACK information bit of serving cell €;

j :j+1;
end if
m=m+1.

end while
c=c+l.
end while

Onck +Og +O0cq <11

If , the UE determines a number of HARQ-ACK information bits MHARQ-ACK {0 obtaining a

N -1M -1 N -1M -1

cells
_ received receivedCBG
nHARQ—ACK - Z ZNm,C + Z ZN"“,C
transmission power for a PUCCH, as described in Clause 7.2.1, as c=0 m=0 c=0 m=0
where

received

- me is the number of transport blocks the UE receives in PDSCH reception occasion ™ for serving cell € if
harq-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number
of transport blocks the UE receives in PDSCH reception occasion ™ 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.

NreceivedCBG

- me 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 indicator 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 indicator field is not present in the DCI format, in any of the M,
occasions for candidate PDSCH receptions by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any
serving cell ¢, as described in Clause 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 Clause 9.1.2.1, except that harq-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

counter DAI field value of 1 on the PCell in the ¢ 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 Clause 9.1.2.

3GPP



Release 16 62 3GPP TS 38.213 V16.0.0 (2019-12)

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 N, 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 Clause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is

UL —_
Vipar =1 except that harqg-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE

UL —
does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when Vr-par =0 ynless the
UE receives only a SPS PDSCH release, or only a SPS PDSCH, or only a PDSCH that is scheduled by DCI format 1_0

with a counter DAI field value of 1 on the PCell 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

Vilbar =0 Vilbar =1
in Clause 9.1.2. "T-Dpal if the DAI field in DCI format 0_1 is set to '0'; otherwise, ' T- DAl .

9.1.3 Type-2 HARQ-ACK codebook determination

This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-
Codebook = enhancedDynamic-r16. Unless stated otherwise, a PDSCH-to-HARQ_feedback timing indicator field
provides an applicable value.

If a UE receives a first PDSCH scheduled by a first DCI format that the UE detects in a first PDCCH monitoring
occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dI-
DataToUL-ACK, the UE does not multiplex corresponding HARQ-ACK information in a PUCCH or PUSCH
transmission. The UE multiplexes the HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is
indicated by a value of a PDSCH-to-HARQ_feedback indicator timing field in a second DCI format the UE detects in
any PDCCH monitoring occasion after the first one

- if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the first DCI format and the
second DCI format include a PDSCH_group indicator field with a same value as described in Clause 9.1.3.3.

- if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the second DCI format includes a One-shot
HARQ-ACK request field and the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK
codebook, as described in Clause 9.1.4, when a value of the One-shot HARQ-ACK request field is 1.

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

A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH
release on an active DL BWP of a serving cell €, as described in Clause 10.1, and for which the UE transmits HARQ-
ACK information in a same PUCCH in slot ™! based on

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

- slot offsets Ko [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling
PDSCH receptions or SPS PDSCH release and by pdsch-AggregationFactor, when provided.

The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release is
defined as the union of PDCCH monitoring occasions across active DL. BWPs of configured serving cells. PDCCH
monitoring occasions are first indexed in an ascending order across serving cells indexes for a same start time of search
space sets associated with DCI formats scheduling PDSCH receptions or SPS PDSCH release on the serving cells, and
are then indexed in an ascending order of start times of the search space sets. For indexing within a serving cell for a
same start time of search space sets, if the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex
with value O for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second
CORESETs on an active DL BWP of a serving cell, and is provided ACKNACKFeedbackMode = JointFeedback for the
active UL BWP, PDCCH monitoring occasions for the first CORESETSs are indexed prior to PDCCH monitoring
occasions for the second CORESETs. The cardinality of the set of PDCCH monitoring occasions defines a total number

M of PDCCH monitoring occasions.
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A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of
{serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated
with the DCI formats 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 ™, where
0<m<M

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

DL

NEEDAI V
p=2 . Denote by ~ © PALS™M the value

Nt T
Denote by Cc-DAI the number of bits for the counter DAT and set
of the counter DAI in a DCI format scheduling PDSCH reception or SPS PDSCH release on serving cell ¢ in PDCCH
VDL
monitoring occasion ™ according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by ~ ""PAM the value of the total DAI in a

m

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

in all DCI formats that include a total DAI field in PDCCH monitoring occasion m.

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

L0770 L,
0 ! 04K-1 , for a total number of Onex HARQ-ACK information bits, according to the following pseudo-
code:

Set M =0 _ PDCCH with DCI format scheduling PDSCH reception or SPS PDSCH release monitoring occasion
index: lower index corresponds to earlier PDCCH monitoring occasion

Set j=0
Set V“”"" =0
Set Vien2 =0
Set Vi =@

DL
Set Neers to the number of serving cells configured by higher layers for the UE

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

m<M

while

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

DL
cells

while c<N

m

if PDCCH monitoring occasion " is before an active DL BWP change on serving cell C oran active UL

BWP change on the PCell and an active DL. BWP change is not triggered in PDCCH monitoring occasion m

c=c+l.
else

if there is a PDSCH on serving cell C associated with PDCCH in PDCCH monitoring occasion M or

there is a PDCCH indicating SPS PDSCH release on serving cell c

DL
lf VC— DAILc,m = temp
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j=j+l
end if

DL
temp — " C-DALc,m

DL —
VT- DALm — ©

if

VvtempZ :VC[?];)AI,C,m
else

VvtempZ :VT]?I;DAI,m
end if

if harq-ACK-SpatialBundlingPUCCH is not provided 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
2Ty j+2[VE pem
of this cell

_1) = HARQ-ACK information bit corresponding to the first transport block

~ACK
2T j+2(VEE o —1]+1
block of this cell

= HARQ-ACK information bit corresponding to the second transport

Ty-j+2 VgEDAI,C,m_]' ,2:T e j+2 VEEDAI,c,m_l)-'-l}

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and ™ is a monitoring occasion for
PDCCH with a DCI format that supports PDSCH reception with two transport blocks 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
DL

Ty ‘j+VC—DA1,c,m -1
to the first and second transport blocks of this cell

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

Vs: VSU |[TD.j+V]CJII:DAI,C,m_1}

V.=V.U|T,

else

07, _, =HARQ-ACK information bit of this cell
. DL |
J+Veipanem—1

end if

end if

Cc=

end if

end while

m=m+1

end while

c+1
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lf ‘/tempZ <‘/temp

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,

O K =2-[T - j+V

temp 2

else

O =T, j+V

temp 2
end if

f 1'6{0,1,..., oA - 1J \V,
or any

Set € =0

DL
while c< Ncells

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

-K
" Bie for serving cell C | where Kie is the PDSCH-to-HARQ-feedback timing value for SPS PDSCH on

serving cell ¢
OACK :OACK +1

ACK
0
0"*-1= HARQ-ACK information bit associated with the SPS PDSCH reception

end if
c=c+].
end while

If multiple SPS PDSCH receptions are activated for a UE and the UE multiplexes corresponding HARQ-ACK
information in the PUCCH inslot n , the UE generates the HARQ-ACK information as described in Clause 9.1.2

ACK
and appends it to the o HARQ-ACK information bits.

For a PDCCH monitoring occasion with DCI format scheduling PDSCH reception or SPS PDSCH release 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 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.

DL
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the Nees serving cells, or for PDSCH
receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH

reception, or for SPS PDSCH release, and if Onck +Os +0c5 =11 , the UE determines a number of HARQ-ACK

n
information bits TARQACK for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as
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_ —[[yme
Nyarq-ack =Muarq-ack, B =| | ¥ DALm

where

N1 Nen—1 (M-1

DL received
T Z U parc mOd(TD) N8 maxt Nme +Ngps .
c=0

DL

DL _
if N 1 ¥ostn. i the value of the counter DAI in the last DI format scheduling PDSCH reception or

cells —
b

indicating SPS PDSCH release for any serving cell € that the UE detects within the M PDCCH monitoring
occasions.

DL
if N cells >1
- if the UE does not detect any DCI format that includes a total DAI field in a last PDCCH monitoring
occasion within the M PDCCH monitoring occasions where the UE detects at least one DCI format

DL

DAILmy

scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell ¢, is the value

of the counter DAI in a last DCI format the UE detects in the last PDCCH monitoring occasion

- if the UE detects at least one DCI format that includes a total DAI field in a last PDCCH monitoring occasion

within the M PDCCH monitoring occasions where the UE detects at least one DCI format scheduling
DL

V
PDSCH reception or indicating SPS PDSCH release for any serving cell €, "PAImy s the value of the total
DATI in the at least one DCI format that includes a total DAI field

Vorim =0
DAL if the UE does not detect any DCI format scheduling PDSCH reception or indicating SPS PDSCH
release for any serving cell € in any of the M ppccH monitoring occasions.

U
DAL¢ is the total number of a DCI format scheduling PDSCH reception or indicating SPS PDSCH release that

U =0
the UE detects within the M PDCCH monitoring occasions for serving cell C .~ DAL if the UE does not
detect any DCI format scheduling PDSCH reception or indicating SPS PDSCH release for serving cell C in any
of the M PDCCH monitoring occasions.
NDL

TBmax =2 if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell C and harg-ACK-

DL

=1
SpatialBundlingPUCCH is not provided; otherwise, = TBmax — ™

received
me is the number of transport blocks the UE receives in a PDSCH scheduled by a DCI format that the UE

detects in PDCCH monitoring occasion M for serving cell Cif harg-ACK-SpatialBundlingPUCCH is not
provided, or the number of PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring

occasion M for serving cell C i harq-ACK-SpatialBundlingPUCCH is provided, or the number of DCI format
that the UE detects and indicate SPS PDSCH release in PDCCH monitoring occasion m for serving cell C.

N
SPSc js 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

DL,TB
is not provided PDSCH-CodeBlockGroupTransmission, for ~"cells  serving cells where

DL,TB DL,CBG __ DL
Ncells + Ncells _Ncells
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~NACK 7~ ACK ~ ACK

0 5,0 " .0 . . . . e
the UE determines the ! 0%*-1 according to the previous pseudo-code with the following modifications

DL

- Nea is used for the determination of a first HARQ-ACK sub-codebook for SPS PDSCH release, SPS PDSCH
DL,CBG DL,TB

reception, and for TB-based PDSCH receptions on the " cells serving cells and on the ~ cells  serving cells

DL DL,CBG
cells jg replaced by = cells for the determination of a second HARQ-ACK sub-codebook corresponding to
DL,CBG
the “"cels  serving cells for CBG-based PDSCH receptions, and

- Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the
NDL,CBG NCBG/TB,max
cels serving cells, the UE generates = TARQACKmax HARQ-ACK information bits, where
NCBG/TB,maX DL ‘NCBG/TB,maX DL,CBG DL
HARQ-ACKmax jq the maximum value of =~ T8¢ ~"HARQ-ACKcC acrggg ]l “'cells  serving cells and = B¢ is
the value of maxNrofCodeWordsScheduledByDCI for serving cell C . Iffora serving cell Citis

NDL .NCBG/TB,max <NCBG/TB,max

TB,c “THARQ- ACK.c HARQ-ACK.max 'the UE generates NACK for the last
CBG/TB,max _ DL . CBG/TB, max
NHARQ— ACK,max NTB,C N

HARQ-ACKc HARQ-ACK information bits for serving cell €
- 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

+0., + < .. n - =n - +n - L
If Oucx +0g +0qy <l , the UE also determines =~ ARQ-ACK HARQ-ACK.TB HARQ-ACK.CBG  £41 obtaining a

PUCCH transmission power, as described in Clause 7.2.1, with

DL,CBG __

Neeis 1 N

DL _ 1 M 1
cells -
_ DL CBG CBG/TB,max received, CBG
NgarQ-Ack.cBG = | VDAL m Z Ubpaic mod (TD) NARQ-ACK max T Z z N .
c=0 c=0 m=0

last

where

DL — VDL
1 ,  PAMMs s the value of the counter DAI in the last DCI format scheduling CBG-based PDSCH

reception for any serving cell C that the UE detects within the M PDCCH monitoring occasions

ifN

cells

NPt 51 ybL
if ~eells 7% "PAMML g the value of the total DAI in the last DCI format scheduling CBG-based PDSCH

reception for any serving cell C that the UE detects within the M PDCCH monitoring occasions
Vorim =0

DALmy,

- if the UE does not detect any DCI format scheduling CBG-based PDSCH reception for any
serving cell Cin any of the M ppccH monitoring occasions
Uugss . ,

- < is the total number of DCI formats scheduling CBG-based PDSCH receptions that the UE detects

CBG _
within the M PDCCH monitoring occasions for serving cell €. Upare =0 if the UE does not detect any

DCI format scheduling CBG-based PDSCH reception for serving cell € in any of the M ppccH
monitoring occasions

NreceivedEBG
- me is the number of CBGs the UE receives in a PDSCH scheduled by a DCI format that supports

CBG-based PDSCH reception that the UE detects in PDCCH monitoring occasion ™ for serving cell € and
the UE reports corresponding HARQ-ACK information in the PUCCH
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Table 9.1.3-1: Value of counter DAI for NBEDAI:Z and of total DAI

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI \ARS VoL PDSCH transmission(s) associated with PDCCH or PDCCH indicating

AEIE RS T or SPS PDSCH release is present, denoted as Y and ¥ 21
0,0 1 Y—1|mod T,+1=1
01 2 Y—1|mod T ,+1=2
1,0 3 Y—1/mod T ,+1=3
11 4 Y—1|mod T ,+1=4

Table 9.1.3-1A: Value of counter DAI for NEL_DAIZ 1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI VCD-LDAI PDSCH transmission(s) associated with PDCCH or PDCCH indicating
SPS PDSCH release is present, denoted as Y and Y >1
0 1 Y—1/mod T,+1=1
1 2 Y—1)mod T ,+1=2
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 a DCI format that does not include a DAI field, then

- if the UE has not received any PDCCH within the monitoring occasions for DCI formats 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 Clause 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 Clause 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 Clause 9.1.3.1, with the following modifications:

- For the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, after the completion of the ¢

—y UL UL
and ™ loops, the UE sets Vienp2 =V where VoAl
Table 9.1.3-2

is the value of the DALI field in DCI format 0_1 according to

- 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 Vi-pa =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 C and the UE does not have HARQ-ACK information in response to a SPS PDSCH
reception to multiplex in the PUSCH, as described in Clause 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

VT[fL[‘)AI :4 V o

format 0_1 with first DAI field value or with second DAI field value "T-DAI =4 and the UE has not
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received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or with DCI format 1_1,

respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell C and the UE does not have
HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause
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 VT[% " PDSCH transmission(s) associated with PDCCH or PDCCH indicating

MSB, LSB
SPS PDSCH release is present, denoted as X and X =1
(X - Umod4+1=1

0,0 1
0,1 2 (X-Dmod4+1=2
1,0 3 (X-1Dmod4+1=3
11 4 (X-Dmod4+1=4

9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission

If a UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE determines HARQ-ACK
information for multiplexing in a PUCCH transmission occasion according to the following procedure.

Set g to the value of a PDSCH_group indicator field in a DCI format. If the DCI format schedules PDSCH
reception and does not include a PDSCH_group indicator field, set g=0

Set | ( g) to denote a PUCCH transmission occasion for multiplexing HARQ-ACK information

Set Kk to the value of a PDSCH-to-HARQ_feedback timing field, if any, in a DCI format providing a value of g
If the DCI format does not include a PDSCH-to-HARQ_feedback timing field, set Kk to the value provided by dI-
DataToUL-ACK

Set h( g) to the value of a first New_Feedback indicator field, if any, in a DCI format providing a value of g

Set h‘:g”:‘m"dZ( g) to a value of a second New_Feedback indicator field, if any, in a DCI format providing a value of
g

Set VE,X}"""“ to the value of a total DAI field, if any, in a DCI format providing a value of g

Set q tothe value of a HARQ-ACK information request field, if any

Generate first HARQ-ACK information for PUCCH transmission occasion | ( g) in a slot, as described in Clause
9.1.3.1, where

- the first HARQ-ACK information corresponds only to detections of DCI formats each providing a same value of
g ,of h( g) , if any, and at least one of the DCI formats providing a value of k indicating the slot

- at least one of the DCI formats provides a h( g) value

- m=0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a
valueof g , thatis the first PDCCH monitoring occasion after a PDCCH monitoring occasion where the UE
detects another DCI format that provides a value different than h (g)

If h‘g”:‘mdz(g): & or h‘39+“m°d2(g): h ((g+1) mod 2) , generate second HARQ-ACK information for
PUCCH transmission occasion l([ g+ 1)mod 2) in a slot, as described in Clause 9.1.3.1, where

- the second HARQ-ACK information corresponds to detections of DCI formats each providing a same value of

(g+1)mod2 ,of h([g+1)mod2) ,ifany

- atleast one of the DCI formats providesa h([g+1/mod2) value

3GPP



Release 16 70 3GPP TS 38.213 V16.0.0 (2019-12)

- m=0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a
value of g+ 1) mod 2 , that is the first PDCCH monitoring occasion after a PDCCH monitoring occasion
where the UE detects another DCI format that provides a value different than  h (1 g+1/mod 2)

- the PUCCH transmission occasion i([g+1/mod2) is a last one for multiplexing second HARQ-ACK
information and it is not after PUCCH transmission occasion i (g)

- if Vg;lllm‘)dz #@ , after the completion of the ¢ and m loops for the pseudo-code for the second

HARQ-ACK codebook generation in Clause 9.1.3.1, set V.., = y/'grtimed2  gor both sub-codebooks, if any.

It portimed?| gl#@ and K9 g)zh (lg+ 1/mod 2) , generate second HARQ-ACK information, as
described in Clause 9.1.3.1, by setting V?L, par,e.n—=0 forall ¢ andall m and, after the completion of the
¢ and m loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, setting

Vtemp = Vg;jl Jmod 2
If q=0 ,theUE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion [ ( g)
elseif g=1
ifg=1

appends the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH
transmission occasion i ( g)

else

append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH
transmission occasion | (g)

end if
end if
If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as

- for multiplexing in PUCCH transmission occasion i (g) , if the PUSCH transmission is not scheduled by a

UL
DCI format or is scheduled by a DCI format that does not include a DCI field with value Voai

- for multiplexing in PUCCH transmission occasion i(g) , if the PUSCH transmission is scheduled by a DCI

_ UL
format that includes one DCI field except that, for g =0 , the DCI field with value Voai in the DCI format is

used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-ACK codebook
generation in Clause 9.1.3.1

- for multiplexing in PUCCH transmission occasion i (g) , if the PUSCH transmission is scheduled by a DCI

UL
format that includes two DCI fields except that the DCI field with value Vioai in the DCI format is used after the

completion ofthe ¢ and m loops for the pseudo-code for the HARQ-ACK codebook generation in
Clause 9.1.3.1

If a UE detects DCI formats with respective PDSCH-to-HARQ _feedback timing field values indicating a same PUCCH
transmission occasion and none of the DCI formats includes a New_Feedback indicator field, the UE generates HARQ-
ACK information as described in Clause 9.1.3.1 or 9.1.3.2 for multiplexing in the PUCCH transmission occasion.

For PUCCH transmission occasion i (g) , the UE determines a PUCCH or a PUSCH transmission to multiplex the
HARQ-ACK information according to the procedures in Clause 9.2.5.
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9.14 Type-3 HARQ-ACK codebook determination

If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook
according to the following procedure.

Set N ?ﬁ,s to the number of serving cells

Set N %‘RQ)C to the value of nrofHARQ-ProcessesForPDSCH for serving cell ¢ , if provided; else, set

DL _
NHARQ,C_8

Set N ?é,c to the value of maxNrofCodeWordsScheduledByDCI for serving cell ¢  if harq-ACK-
SpatialBundlingPUCCH is not provided; else, set [N %’C: 1

Set N gﬁggf Ak . to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell

¢ asdescribed in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ¢ and
pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set [N gﬁggf ACK o=
Set  NDIy,,,=0 if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set  NDI p,p,=1
Set ¢=0 - serving cell index
Set h=0 -HARQ process number
Set t=0 -TB index
Set g=0 - CBG index
Set j=0

DL
cells

while c<N

while  h<Nppo.c
it NDI,;00=0

. CBG/TB,max
if  Nparo-ack >0

while t<N7pj .

. CBG/ TB, max
while  g<N pjapo-ack

~ ACK
o
J° = HARQ-ACK information bit for CBG 9 ofTB
h of serving cell ¢

t for HARQ process number

j=j+1
g=g+1
end while
o/ t h
)= =last NDI value for TB for HARQ process number on serving cell ¢ , if
o ACK =0
any; else, "/
g=0
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j=j+1
t=t+1
end while

else
while t< N%’C

~ ACK

/. =HARQ-ACK information bit for TB t for HARQ process h of serving cell ¢
j=j+1
~ ACK h
J =last NDI value for TB t for HARQ process number on serving cell ¢ , if
SACK —
any; else, /
j=j+1
t=t+1
end while
end if
t=0
else

. CBG/TB,max
if N parg-ack >0

while t< Nll?lg,c

if UE has reported ACK for TB t for HARQ process number h onserving cell ¢

. CBG/TB, max
while  g<N pgaro-ack c

0 A€ =NACK

j
j=j+1
g=g+1

end while

else

. CBG/TB, max
while g<NHARQ7ACK,C

~ ACK
% = HARQ-ACK information bit for CBG 9 oftB U for HARQ process

number h of serving cell ¢
j=j+1
g=g+1
end while

end if
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g=0
t=t+1
end while
else

while t< N%’C

if UE has reported NACK for TB t for HARQ process number h on serving cell ¢

5J'ACK = HARQ-ACK information bit for TB L for HARQ process h of serving cell
c
j=j+1
t=t+1
else
5% =NACK
j=j+1
t=t+1
end if
end while
end if
t=0
end if
h=h+1
end while
h=0
c=c+l
end while

If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a
PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Clause
9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the
slot.

9.2 UCI reporting in physical uplink control channel

UCI types reported in a PUCCH include HARQ-ACK information, SR, LRR, and CSI. UCI bits include HARQ-ACK
information bits, if any, SR information bits, if any, LRR information bit, if any, and CSI bits, if any. The HARQ-ACK
information bits correspond to a HARQ-ACK codebook as described in Clause 9.1. For the remaining of this clause,
any reference to SR is applicable for SR and/or for LRR.

A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot. When the UE transmits two
PUCCHs in a slot and the UE is not provided ACKNACKFeedbackMode = SeparateFeedback, at least one of the two
PUCCHSs uses PUCCH format 0 or PUCCH format 2.
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If a UE is provided ACKNACKFeedbackMode = SeparateFeedback, the UE may transmit up to two PUCCHs with
HARQ-ACK information in different symbols within a slot.

In Clauses 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].

921 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
transmission of HARQ-ACK information on PUCCH in an initial UL BWP of Nowp PRBs.
The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration,
offset

a PRB offset = BWP and a cyclic shift index set for a PUCCH transmission.

The UE transmits a PUCCH using frequency hopping if not provided uselnterlacePUCCH-Common-r16; otherwise, the
UE transmits a PUCCH without 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 Clause 8.3.

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

scheduling a PDSCH reception or a SPS PDSCH release, the UE determines a PUCCH resource with index TeuccH ,

02 -n 0
0< <15 pucc =0 R0 +2 Apgi
SThucen = , as cce [ , where Necg is a number of CCEs in a CORESET of a PDCCH

reception with the DCI format, as described in Clause 10.1, MIcCE.0' s the index of a first CCE for the PDCCH reception,

and Apry is a value of the PUCCH resource indicator field in the DCI format.

1t [Teucon /81 =0 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
uselnterlacePUCCHCommon-r16

RBYw +1rpucen/ Nes]
- the UE determines the PRB index of the PUCCH transmission in the first hop as = BW? PUCCH/ 7"CsY and the

NSVZSP -1- RB;?;? - HrPUCCH/NCSU

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

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 ouccn M0d Neg

1f [eucen /81 =1 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
uselnterlacePUCCHCommon-r16

- the UE determines the PRB index of the PUCCH transmission in the first hop as

size offset
Nigwp = 1- RByyp H(FPUCCH 8)/ Nesl and the PRB index of the PUCCH transmission in the second hop as

RB;E\?;[ + H(rPUCCH - 8)/Ncsﬂ

- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as (rPUCCH - 8)mod Nes

If a UE is provided a PUCCH resource by pucch-ResourceCommon and is provided uselnterlacePUCCHCommon-r16

3GPP



Release 16 75 3GPP TS 38.213 V16.0.0 (2019-12)

- the UE determines for the PUCCH resource an interlace index m as
m=(‘m0+[ Ioucen! Nes _/)modM where M is a number of interlaces [4, TS 38.211] and

my= RBOBf\f,f,e; is an interlace index offset and RBDB%\S,‘;,t is as given in Table 9.2.1-1

- the UE determines an initial cyclic shift index in a set of initial cyclic shift indexes as  I'pyccyMOd Ng

where N g is the total number of initial cyclic shifts indexes in the set of initial cyclic shift indexes in Table
9.2.1-1

- if pucch-ResourceCommon indicates

- index 0: the first symbol is 9 for a PUCCH resource with PUCCH format 0 if  I'pyccy = 10

- index 1 or 2: the first symbol is 9 for a PUCCH resource with PUCCH format 0 if ~ I'pyccy =15

- index 3, 7, or 11: an orthogonal cover code with index 1 is used for a PUCCH resource with PUCCH format
1if  Ipyeen =10

- the UE does not expect pucch-ResourceCommon to indicate index 15

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

PRB offset

Index PUCCH format | First symbol | Number of symbols Rngvs;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, if a UE is not
provided uselnterlacePUCCH-Dedicated-r16

- an index of the first PRB after frequency hopping by secondHopPRB, if a UE is not provided
uselnterlacePUCCH-Dedicated -r16

- an indication for intra-slot frequency hopping by intraSlotFrequencyHopping, if a UE is not provided
uselnterlacePUCCH-Dedicated -r16

- an index of a first interlace by interlace0, if a UE is provided uselnterlacePUCCH-Dedicated-r16

- if provided, an index of a second interlace by interlacel, if a UE is provided uselnterlacePUCCH-Dedicated-r16
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- an index of an RB set by intraCellGuardBandUL-r16 [6, TS 38.214], if a UE is provided uselnterlacePUCCH-
Dedicated-r16

- aconfiguration for a PUCCH format, from PUCCH format 0 through PUCCH format 4, provided by format

The UE expects that either none or both of uselnterlacePUCCH-Common-r16 and uselnterlacePUCCH-Dedicated-r16
are provided.

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
startingSymbollndex, and an index for an orthogonal cover code by timeDomainOCC.

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for 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 a UE is provided by uselnterlacePUCCH-Dedicated
-r16, the PUCCH resource also includes a number of interlaces and, if provided, an orthogonal cover code length by
OCC-Length-r16 and an orthogonal cover code index by OCC-Index-r16

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, an
orthogonal cover code length by occ-Length, an orthogonal cover code index 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-ResourceSetld, with a set of
PUCCH resource indexes provided by resourceList that provides a set of pucch-Resourceld used in the PUCCH
resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the
PUCCH resource set provided by maxPayloadSize. 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
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 Ova UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH
resource set to be

<
- afirst set of PUCCH resources with pucch-ResourceSetld = 0 if Opa =2 including 1 or 2 HARQ-ACK
information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK
information and SR occurs simultaneously, or

<
- asecond set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if 2<0yq =N,

where N, is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-

ResourceSetld = 1; otherwise N, is equal to 1706, or

<
- athird set of PUCCH resources with pucch-ResourceSetld = 2, if provided by higher layers, if N, <Oyq =N,

where Ny is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-
ResourceSetld = 2; otherwise N, is equal to 1706, or

- afourth set of PUCCH resources with pucch-ResourceSetld = 3, if provided by higher layers, if
N, <Oy <1706
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If the UE is provided more than one active SPS PDSCH configurations and transmits Oy; UCI information bits

that include only HARQ-ACK information bits in response to one or more SPS PDSCH receptions, the UE is provided
by SPS-PUCCH-AN-List a set of PUCCH resources and determines a PUCCH resource to be

a PUCCH resource with SPS-PUCCH-AN-ResourceID =0 if Oy<2 ,or

- a PUCCH resource with SPS-PUCCH-AN-ResourcelID = 1, if provided, if 2<Oy,<N 1,sps Where

N, sps s either provided by maxPayloadSize in SPS-PUCCH-AN-List for SPS-PUCCH-AN-ResourcelD = 1
or is otherwise equal to 1706, or

- a PUCCH resource with SPS-PUCCH-AN-ResourceID = 2, if provided, if N, sps<Oy; <N, ¢ps  where

N 2.sps s either provided by maxPayloadSize in SPS-PUCCH-AN-List for SPS-PUCCH-AN-ResourcelD = 2
or is otherwise equal to 1706, or

- a PUCCH resource with SPS-PUCCH-AN-ResourceID = 3, if provided, if N, ¢ps<Oyc;<N; gps  where
N; gps s equal to 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

- the PUCCH resource includes an orthogonal cover code if the UE is provided an orthogonal cover code length
by OCC-Length-r16 and index by OCC-Index-r16

- PUCCH format 3 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 if the UE is provided an orthogonal cover code
length by OCC-Length-r16 and index by OCC-Index-r16

- 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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k + 3 _Nsubfrarne,,u k
transmit PUCCH in the first slot that is after slot slot where " is the slot where the UE would transmit a

PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-
SpatialRelationInfo and H is the SCS configuration for the PUCCH

- 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

If a UE

- reports beamCorrespondenceWithoutUL-BeamSweeping,

is not provided pathlossReferenceRSs in PUCCH-PowerControl,
- is provided enableDefaultBeamPIForPUCCH, and
- is not provided PUCCH-SpatialRelationInfo,

a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in
the CORESET with the lowest ID on the active DL BWP of the PCell.

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_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a
DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-
HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by di-
DataToUL-ACK, or dl-DataToUL-ACKForDCIFormatl_2 for DCI format 1_2, as defined in Table 9.2.3-1.

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

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

information in a PUCCH transmission within slot "tk where K is provided by dI-DataToUL-ACK, or by dI-

DataToUL-ACKForDCIFormat1_2 for DCI format 1_2.

With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception
ending in slot " or if the UE detects a DCI format 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 ™+ k , where
K is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if

present, or provided by dI-DataToUL-ACK, or by dI-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. k=0
corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH
reception in case of SPS PDSCH release.

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

3GPP



Release 16 79 3GPP TS 38.213 V16.0.0 (2019-12)

Table 9.2.3-1: Mapping of PDSCH-to-HARQ_feedback timing indicator field values to numbers of slots

PDSCH-to-HARQ_feedback timing indicator Number of slots k
1 bit 2 bits 3 bits
0 ‘00! 000" 1% value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
1 ‘01 001" 2" value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
‘10 010" 3" value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
'11' 011" 4" value provided by dl-DataToUL-ACK or

by dl-DataToUL-ACKForDCIFormatl_2
5" value provided by dl/-DataToUL-ACK or

100 by dl-DataToUL-ACKForDCIFormatl_2
101 6" value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
110 7" value provided by dl/-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
111 8" value provided by dl-DataToUL-ACK or

by dl-DataToUL-ACKForDCIFormatl 2

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set

of PUCCH resources for Ova HARQ-ACK information bits, as described in Clause 9.2.1. The PUCCH resource
determination is based on a PUCCH resource indicator field [5, TS 38.212], if present, in a last DCI format, among the
DCI formats that have a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dI-
DataToUL-ACK, or a value of dI-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, 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. For indexing DCI formats within a serving cell for a same PDCCH monitoring
occasion, if the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or
more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs on an
active DL BWP of a serving cell, and with ACKNACKFeedbackMode = JointFeedback for the active UL BWP, detected
DCI formats from PDCCH receptions in the first CORESETs are indexed prior to detected DCI formats from PDCCH
receptions in the second CORESETs.

The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table
9.2.3-2 for a PUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of
PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. If the PUCCH
resource indicator field includes 1 bit or 2 bits, the values map to the first 2 values or the first four values, respectively,
of Table 9.2.3-2.

For the first set of PUCCH resources and when the size Ryycen 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 in a PDCCH reception,
among DCI formats with a value of the PDSCH-to-HARQ _feedback timing indicator field, if present, or a value of di-
DataToUL-ACK, or a value of dI-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the

.. . CL . < < -
PUCCH transmission, the UE determines a PUCCH resource with index Tpuccn ) 0 <Poycen <Rpuccn 1, as

00n IR /8]0 IR i 0
0o Lt L 0+ APRJ gl FUCCH 1 if APRl < Rpyeen mod 8 !
. _%ﬂ Nece,p ] 1 8 ﬁ
PUCCH —
On IR, g0 a I
HD <t [ PUCCH/ [D +Apg T Revgn 0+ Rpycouy mod 8 If Apy ZRpyecy mod 8H
il NCCE,p 8

where et s a number of CCEs in CORESET p of the PDCCH reception for the DCI format as described in

n
Clause 10.1, C“E-? is the index of a first CCE for the PDCCH reception, and Apri is a value of the PUCCH resource
indicator field in the DCI format.
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Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH
resource set with maximum 8 PUCCH resources

PUCCH resource indicator PUCCH resource
1 bit 2 bits 3 bits
‘0 ‘00! 000" 1% PUCCH resource provided by pucch—Resqurceld obtained from the
1% value of resourceList
7' ‘o1 001" 2" PUCCH resource provided by pucch-Resourceld obtained from the
2" value of resourceList
10’ 010" 3" PUCCH resource provided by pucch-Resourceld obtained from the
3" value of resourceList
171 011" 4™ PUCCH resource provided by pucch-Resourceld obtained from the
4" value of resourcelList
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 resourcelList
110" 7" PUCCH resource provided by pucch—ResqurceId obtained from the
7" value of resourcelList
111" 8" PUCCH resource provided by pucch—ResqurceId obtained from the
8" value of resourceList

If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with corresponding HARQ-
ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a
PUCCH transmission with 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, €2048 +144) Q" @

¢ from the beginning of

a first symbol of the first resource for PUCCH transmission in the slot where, k and T, are defined in clause

4.1 of [4, TS 38.211] and u corresponds to the smallest SCS configuration among the SCS configurations of the
PDCCHs providing the DCI formats and the SCS configuration of the PUCCH. If processingType2Enabled of PDSCH-
ServingCellConfig is set to enable for the serving cell with the second DCI format and for all serving cells with

corresponding HARQ-ACK information multiplexed in the PUCCH transmission in the slot, Ny =3 gor !
N, =45 (=1 Ny=9 ( u=
N3 =20 g0,

2 ; otherwise ,

u =0

Ny =8 g, =0 Ny =10 ¢ =1 Ny=17 (o u=2

bl

If a UE is provided a single active SPS PDSCH configuration and 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 Mo and
Mes for computing a value of cyclic shift @' [4, TS 38.211] where Mo js provided by initialCyclicShift of PUCCH-

formatO or, if initialCyclicShift is not provided, by the initial cyclic shift index as described in Clause 9.2.1 and Mes s
determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits
as in Table 9.2.3-3 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
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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 meg =9

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided a value for Mo
by initialCyclicShift of PUCCH-format1 or, if initialCyclicShift is not provided, by the initial cyclic shift index as
described in Clause 9.2.1.

If a UE transmits a PUCCH with Qe HARQ-ACK information bits and Ocke bits using PUCCH format 2 or PUCCH
PUCCH PUCCH
format 3 in a PUCCH resource that includes = RB PRBs, the UE determines a number of PRBs =~ RB™in for the

PUCCH
PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs My
provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB

PUCCH arRB aA7PUCCH | . PUCCH
(OACK + OCRC) Mg min Necewt Negmvuar Qn T Mg >1
bl

from the number of PRBs, that results to and, if

PUCCH RB PUCCH RB PUCCH
(0, +O )>(M ; -1)-N ‘N, Q. T N N Q . .
ACK CRC RB, min sc,ctrl symb-UCI m , where sc,ctrl , symbUCI , m , and r are dEfll'led in Clause
PUCCH PUCCH

9.2.5.2. For PUCCH format 3, if ~ RBM" isnotequal 2~ 3 "5 according to [4, TS 38.211], ' RBMin g
increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

+ > (ppPUCCH _ 4] yRB  \PUCCH o PUCCH
(OACK OCRC) (MRB 1) Nicenr “Noymovar Qo r,the UE transmits the PUCCH over Mre PRBs.

If a UE is provided a first interlace of M f;f;ﬁi’o PRBs by interlace0 in InterlaceAllocation-r16 and transmits a

PUCCH with O,cx HARQ-ACK information bits and O g  bits using PUCCH format 2 or PUCCH format 3,

. o . PUCCH RB PUCCH
the UE transmits the PUCCH over the first interlace if (O ACK +OCRC) <M nertace0 " Nscott * Noymbucr* Qu T

otherwise, if the UE is provided a second interlace by interlacel in PUCCH-format2 or PUCCH-format3, the UE
transmits the PUCCH over the first and second interlaces.

9.24 UE procedure for reporting SR

A UE can be configured by SchedulingRequestResourceConfig a set of configurations for SR in a PUCCH transmission
using either PUCCH format 0 or PUCCH format 1. A UE can be configured by schedulingRequestIDForBFR a
configuration for LRR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can be
configured, by schedulingRequestPriority in SchedulingRequestResourceConfig, a priority index 0 or a priority index 1
for the SR.

The UE is configured a PUCCH resource by SchedulingRequestResourceld, or by schedulingRequestIDForBFR,
providing a PUCCH format 0 resource or a PUCCH format 1 resource as described in Clause 9.2.1. The UE is also

Ry

configured a periodicity SRygropicry iy symbols or slots and an offset SRorrser iy slots by periodicityAndOffset for a

PUCCH transmission conveying SR. If SRypwionicny g larger than one slot, the UE determines a SR transmission

n u
occasion in a PUCCH to be in a slot with number = >/ [4, TS 38.211] in a frame with number & if
framepu u _
(nf Ngg tng - SROFFSET)mOd SRegriopicity _0'

slot

=0

1f SReerovicry i gne slot, the UE expects that SRogrser and every slot is a SR transmission occasion in a PUCCH.

1f SReemovicry js smaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol
with index [ [4, TS 38.211] if (r- Iy mod SRPERIODICHY)mod SRperiopicry =0
startingSymbolIndex.

where ly is the value of

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.
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SR transmission occasions in a PUCCH are subject to the limitations for UE transmissions described in Clause 11.1 and
Clause 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 Mo as described for HARQ-ACK information in Clause 9.2.3 and by setting

Mes :0. For a positive SR transmission using PUCCH format 1, the UE transmits the PUCCH as described in [4, TS

38.211] by setting b(0) :0.

9.25 UE procedure for reporting multiple UCI types

This Clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH
transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that
a PUCCH transmission is with repetitions over multiple slots is described in Clause 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-ResourcelList, as
described in Clause 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 Clauses 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

symbol So of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies
the following timeline conditions

So is not before a symbol with CP starting after T;)nrlg;,l after a last symbol of any corresponding PDSCH,

T;nrf;,l is given by maximum of {T’;};‘oxgﬁ AR Tzqf;c’fl o } where for the i-th PDSCH with
corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and
PUSCHs, Tpeey=|N+dy,+1|-(2048+144)-k-27" T, , d,, isselected for the i-th PDSCH

following [6, TS 38.214], N, is selected based on the UE PDSCH processing capability of the i-th PDSCH

and SCS configuration 1 ,where [ corresponds to the smallest SCS configuration among the SCS
configurations used for the PDCCH scheduling the i-th PDSCH (if any), the i-th PDSCH, the PUCCH with
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corresponding HARQ-ACK transmission for i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs
and PUSCHs.

- S0 is not before a symbol with CP starting after T;nri)é,release after a last symbol of any corresponding SPS

{

mux . . . mux,1 mux, i |
PDSCH release. T, rojeqse 1S 8iven by maximum of tTme’release, -, T proc releases *+ | where for the

i-th PDCCH providing the SPS PDSCH release with corresponding HARQ-ACK transmission on a
PUCCH which is in the group of overlapping PUCCHs and PUSCHs,

T =(N+1)-(2048+144 -k - 27"~ T. ., N isdescribed in Clause 10.2 and is selected based

proc ,release —
on the UE PDSCH processing capability of the i-th SPS PDSCH release and SCS configuration [ , where
| corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH
providing the i-th SPS PDSCH release, the PUCCH with corresponding HARQ-ACK transmission for i-th SPS
PDSCH release, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.

- if 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;n:,); o after a last symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

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

If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs, T . ., is given by

proc ,2
maximum of T’;ﬁ’o’z’}z PRI T';fgc’fz Jr } where for the i-th PUSCH which is in the group of overlapping
PUCCHs and PUSCHs, T, =max ((N2+d2,1+1) +(2048+144)- k27" T.,d,,| , d,, and

d 2 are selected for the i-th PUSCH following [6, TS 38.214], N , is selected based on the UE PUSCH

processing capability of the i-th PUSCH and SCS configuration p , where [ corresponds to the smallest
SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PUSCH (if any), the
PDCCHs scheduling the PDSCHs with corresponding HARQ-ACK transmission on a PUCCH which is in the
group of overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.

If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, T , is given by maximum of

proc ,2
{ TZ;?C’; AR Tg:‘oxc”iz JREE } where for the i-th PDSCH with corresponding HARQ-ACK transmission on a
PUCCH which is in the group of overlapping PUCCHs, T;”r‘;’;’f; =(N2+ 1) - 2048+ 144) k2 MT.

N, is selected based on the UE PUSCH processing capability of the PUCCH serving cell if configured.
N, s selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not

configured for the PUCCH serving cell. 1 is selected based on the smallest SCS configuration between the
SCS configuration used for the PDCCH scheduling the i-th PDSCH (if any) with corresponding HARQ-ACK
transmission on a PUCCH which is in the group of overlapping PUCCHs, and the SCS configuration for the
PUCCH serving cell.

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

So s not before a symbol with CP starting after Throcicss =Mmax ((Z +d) {2048 +144) o 27 Tes d2’2)

last symbol of

after a

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

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

where corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the
smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of
CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and

d =2 g5 U :0’1, d =3 #=2 g d =4 gop =3
- N N, dy o dyy dan a0 7 are defined in [6, TS 38.214], and K and 1€ are defined in [4, TS 38.211].
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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 S0 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.

A UE that

- is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETSs
on active DL BWPs of serving cells, and

- is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving
cells, and

- is provided ACKNACKFeedbackMode = SeparateFeedback

does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a
CORESET from the first CORESETs to overlap with a PUCCH or a PUSCH transmission triggered by a detection of a
DCI format in a PDCCH received in a CORESET from the second CORESETSs. If there is one or more aperiodic CSI

reports multiplexed on PUSCHs in the group of overlapping PUCCHs and PUSCHs and if symbol So is before symbol

Z'et” that is a next uplink symbol with CP starting after Z'pocsi =(7+d) {2048 +144) - -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 1

the UE is not required to update the CSI report for the triggered CSI report N Z'is defined in [6, TS 38.214] and u
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 g4
u :O’l, d =3 for 4 =2 and 4 =4 for 4 :3.

If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information, and/or SR, and/or 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 the
HARQ-ACK information, and/or SR, and/or 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 UE attempting to determine a single PUCCH resource from the HARQ-
ACK and/or the SR resource and the two PUCCH resources with CSI reports

the UE
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- 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

to the 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

Q order(Q)

- the above three steps for the set 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

Q

format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set
any resource from the resources for transmission of HARQ-ACK information

if they overlap with

- 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

Q

from the set

- 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

do)

Set to the cardinality of Q

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

Set L(Q()) to be the number of symbols of resource QU i the slot
Q

Set J =0 _ index of first resource in set

Set 0 =0 _ counter of overlapped resources

do)-1

while J =
if J< da)-1 and resource 2~ ©) overlaps with resource QU +1)
0=0+1
j=j+1
else
if 0>0
determine a single resource for multiplexing UCI associated with resources {Q(j -0),Q(j- 041, Q(Jj )} as
described in Clauses 9.2.5.1 and 9.2.5.2
J

set the index of the single resource to
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Q =Q\[Q(j - 0),Q(j- 0+1),..., Qj- 1)
j=0 % start from the beginning after reordering unmerged resources at next step
0=0

order(Q)

do)

% function that re-orders resources in current set Q

Set to the cardinality of Q
else
j=j+1
end if
end if

end while

The function order(Q)

{
k

performs the following pseudo-code

0
k<C(Q)-1

while

[ =0

% the next two while loops are to re-order the unmerged resources

while 1<dQ)-1-k

i QULO)>QU+10) op (Q(,0) =QU +1,0) & LIQ()) < LIQU + 1)
temp =Q(I)
Q) =Q( +1)
Q(l +1) =temp
end if
[=1+1
end while
k =k +1
end while

}

For each PUCCH resource in the set Q that satisfies the aforementioned timing conditions, when applicable,

- the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a
PUSCH transmission after multiplexing UCI following the procedures described in Clauses 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 Clause 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 Clause 9. If the PUSCH transmission by the UE is not in
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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.

Clauses 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 PUSCH time-overlapping with PUCCH 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 puccHs for respective K sRsin aslot, as determined by a set of
schedulingRequestResourceld and schedulingRequestIDForBFR, 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.

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 Clause 9.2.3. The UE determines a value of "™ and "cs for computing a value of cyclic

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

If the UE would transmit negative SR and a PUCCH with at most two HARQ-ACK information 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 Clause 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 Mg = Meg =

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 meg =10

If a UE would transmit 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 Clause 9.2.3. If a UE would not transmit a
positive SR in a resource using PUCCH format 1 and would transmit 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 Clause 9.2.3.

If a UE would transmit a PUCCH with Cac 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 Clause 9.2.3, HIOgZ(K +1)] bits representing a negative
or positive SR, in ascending order of the values of schedulingRequestResourceld and schedulingRequestIDForBFR, are

Ouvat =O0xcx +ﬂlog2(K +1)U

appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in
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a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as

[log,|K+1]]

described in Clauses 9.2.1 and 9.2.3. If one of the SRs is a positive LRR, the value of the bits

llog, (K +1)]

indicates the positive LRR. An all-zero value for the bits represents a negative SR value across all K

SRs.

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

PUCCH format 4 in a slot, HIOgZ(K +1)H bits representing corresponding negative or positive SR, in ascending order of
the values of schedulingRequestResourceld and schedulingRequestIDForBFR, are prepended to the CSI information

bits as described in Clause 9.2.5.2 and the UE transmits a PUCCH with the combined Oua :HIOgZ(K +1)H *Ocs UCI bits

in a resource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for CSI reporting. If one of the SRs

[log, (K +1]]

is a positive LRR, the value of the bits indicates the positive LRR. An all-zero value for the

[log, (x +1)H bits represents a negative SR value across all K sRgs.

If a UE transmits a PUCCH with Oncx HARQ-ACK information bits, Osr :1log2(K +1)H SR bits, and Ocre CRC bits
PUCCH

using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes My PRBs, the UE determines a

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

PUCCH arRB  a7PUCCH | . PUCCH
(OACK + OSR + OCRC ) SMRB,min Nsc,ctrl NsymbUCI Qm r and lf MRB > 1
ol 3
PUCCH RB PUCCH RB PUCCH
(0, +0u, +0.) > (MPUCH_ 1) N .y Q T N N Q
ACK SR CRC RB, Lctrl b UCI Lctrl bUCI s :
min sc,etrl = Tsym m "~ where ~ socul T osym , <m and T are defined in

PUCCH o —u PUCCH
Clause 9.2.5.2. For PUCCH format 3, if = RB™" s not equal 2% 3% 5% according to [4, TS 38.211], ~ RBmin
is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

(O +0, +0O ) > (M PUCCH 1) .NRB  NPUCCH | PUCCH
ACK TSR T HCRC RB seent Noymbucr Qo T , the UE transmits the PUCCH over the M ™" pRs.

PUCCH
M

If a UE is provided a first interlace of Tnterlace,0

PUCCH with O,cx HARQ-ACK information bits, Og,=/[log, K+1|] SRbits,and Ocgec CRC bits
using PUCCH format 2 or PUCCH format 3, the UE transmits the PUCCH over the first interlace if
(O ACK +OSR+OCRC) <M ﬁ}fgﬁiyo N ?C]?Ctrl N fﬁﬁfﬂ‘a Q.1 ;otherwise, if the UE is provided a second interlace

by interlacel in PUCCH-format2 or PUCCH-format3, the UE transmits the PUCCH over the first and second
interlaces.

9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

PRBs by interlace0 in InterlaceAllocation-r16 and transmits a

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

Oacx 3 total number of HARQ-ACK information bits, if any
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- Os 4 total number of SR bits. 5= =9 if there is no scheduling request bit; otherwise, Ogr :HIOgZ(K +1) as
described in Clause 9.2.5.1
N
Ocg = Z (OCSI-partl,n + OCSI-parlZ,n) o)
- n=l , where ~ SSIParthn g 5 pumber of Part 1 CSI report bits for CSI report with

priority value N est-par2n g 3 number of Part 2 CSI report bits, if any, for CSI report with priority value n
total

[6, TS 38.214], and Nes is a number of CSI reports that include overlapping CSI reports

O =0, +0, O, . o .
- CRC CRC, CSl-partl © CRC, CSI-par "y here — CRG.CS-partl jg g number of CRC bits, if any, for encoding HARQ-

(@)
ACK, SR and Part 1 CSI report bits and —~ “R&©SI-Pa2 jg 3 pumber of CRC bits, if any, for encoding Part 2 CSI
report bits

In the following

- T isa code rate given by maxCodeRate as in Table 9.2.5.2-1.

PUCCH
M

- RB is a number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,

PUCCH
M is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by nrofPRBs in PUCCH-

MPUCCH :1
format3 for PUCCH format 3, and " R® for PUCCH format 4

where

RB  _ p7RB _
o N =N - 4 for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an orthogonal

PUCCH,2 NRB - NRB 4) NPUCCH,2 NRB _NRB
cover code with length Nee provided by OCC-Length-r16, = sot! = / sc.ctrl for
PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal cover code with

PUCCH,3 _NRB NPUCCH ,3 _NRB NPUCCH 4
length Nee provided by OCC-Length-r16, Nycen / /
RB
format 4, where N, is a number of subcarriers per resource block [4, TS 38.211]

sc ctrl

for PUCCH

PUCCH PUCCH,2
- symbUCL s aqual to a number of PUCCH symbols = ¥™  for PUCCH format 2 provided by nrofSymbols in
PUCCH

PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, = ™Yl i equal to a number of PUCCH

PUCCH,3 PUCCH,4
symbols ~ %™  for PUCCH format 3 or equal to a number of PUCCH symbols = %™  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]

. QA 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, 9n =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 Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of

corresponding REs, modulation order Qn , and configured code rate r,

(Opex + O +Ocsy +Oce) <M Fyec . yze v ruccs )
- jf Ak T TSR T ECST T ECRC sccrt Neymbuer Qo o the UE uses PUCCH format 2 resource

0 , or the PUCCH format 3 resource 0 , or the PUCCH format 4 resource 0
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PUCCH nrRB PUCCH
. (OACK +OSR +OCSI +OCRC) > (MRB 'Nsc,ctrl 'NsymbUCI 'Qm 'r)j
- elseif and

(O +Oqy + Oy +Ope) <lpgrvccn e - pyruccs -Q ) <i<]J-
ACK SR cst CRC RB seerl “Nsymbuar Nm T/ 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 J+* 1, or the PUCCH format
4 resource Jj+1

- else the UE uses the PUCCH format 2 resource 7 - 1, or the PUCCH format 3 resource J - 1, or the PUCCH
reported

format 4 resource 7 ~ 1 and the UE selects " <! 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]

- else, the UE transmits the Orck *+ O+ Ocst + Ocxe bits in a PUCCH resource provided by pucch-CSI-
ResourceList and determined as described in Clause 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 of a
number of DCI formats with a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a
value of dI-DataToUL-ACK, or a value of dI-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating
a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK
transmission, and

0)

- the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for ~U% UCI bits

and

PUCCH nrRB PUCCH
(OACK +Ogg +Ocy. partt T OCRC, CSI-panl) <Mpp N, se,ctrl N, symbUCI Q, T , the UE transmits the HARQ-ACK,

PUCQH M PUCCH
SR, and CSI reports bits by selecting the minimum number ~ RB™" of the ~" RB PRBs satisfying

PUCCH arRB PUCCH
(OACK + OSR +OCSI—parll + OCRC, CSl»partl) =M RB,min ‘N sc,ctrl ‘N symbUCI QT
9.2.5.1;

- if

as described in Clauses 9.2.3 and

reported total
- else, the UE selects = CS! CSI report(s), from the ~ ©S! CSI reports, for transmission together with HARQ-

reported

ACK and SR in ascending priority value [6, TS 38.214], where the value of = CSI satisfies

H Nreponed H
(o3
PUCCH n7RB PUCCH
DOACK + OSR + ZOCSI -partl,n + OCRC, CSI-partl,N D SMRB 'Nsc,ctrl 'NsymbUCI 'Qm T
n=l
l l and
N:’I"”“‘ +1 H
PUCCH prRB PUCCH
DOACK + OSR + ZOCSI—parILn + OCRC, CSI-partL,N+1] > Mgy 'Nsc,crrl 'NsymbUCI Q, T o
=1
0 I _where ~CRGCSI-partlN oo
Nglunﬂl
OACK + OSR + Z OCSI-parth OCRC st LN
number of CRC bits corresponding to n=l UCI bits, and »CLpartb Vg a number
Nreponed +1
CSL
OACK +OSR + ZOCSI-parth
of CRC bits corresponding to n=l UCI bits.

If a UE is provided a first interlace of M fl}feffji,o PRBs by interlace0 in InterlaceAllocation-r16, the 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 to transmit and the UE determines a
PUCCH resource with PUCCH format 3, where
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and

the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI
formats with 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 Clauses 9.2.1 and 9.2.3 for Oy, UCI bits

. PUCCH RB PUCCH .
if (OACK +OSR+OCSprart1 +OCRC,CSI—part1 < Mlnterlace,O : Nsc,ctrl : Nsymb—UCI : Qm ro, the UE transmits the

HARQ-ACK, SR, and CSI reports bits in a PUCCH over the first interlace

else, if the UE is provided a second interlace of M E}fgﬁil PRBs by interlacel in PUCCH-format2 or

PUCCH-format3 and if
PUCCH PUCCH RB PUCCH
(OACK +OSR+OCSprart1 +OCRC,CSI—part1 < (Mlnterlace,O + MInterlace,l : Nsc,ctrl : Nsyrnb—UCI : Qm ro, the UE

transmits the HARQ-ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces

else, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing

PUCCH _ . PUCCH : : o PUCCH PUCCH
Mg with  Mypenaceo - 05 if the UE is provided interlacel, by M eiace.0t M meriace,1

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

and

the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last of a
number of DCI formats with 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 Clause 9.2.1 and Clause 9.2.3 for OUCI UCI bits

PUCCH RB PUCCH
if (OACK +OSR +Oc51 +OCRC) SMRB 'Nsc,ctrl 'NsymbUCI 'Qm T

total PUCCH PUCCH
GSL CSI report bits by selecting the minimum number =~ *®™" of PRBs from the = RB PRBs satisfying

PUCCH prRB PUCCH
(OACK +Ogz + Oy +OCRC) SMRB,min 'Nsc,crrl 'NsymbUCI QT

as described in Clauses 9.2.3 and 9.2.5.1

else,

reported 0
- iffor = CSlpar2 Part 2 CSI report priority value(s), it is

N H PUCCH RB PUCCH DH & H / H
Z OCSI-panz,n + OCRC, CSI-part2,N SD Mgy "N, se,ctrl N symbUCI ~ EH OACK + OSR + Z OCSI-panLn + OCRC, CSI-pamH (Qm 'r)DD i
n= D n=

and

, the UE transmits the HARQ-ACK, SR and the

Nrepomd’ +1 il
R H PUCCH p7RB PUCCH DH & H DH
ZOCSI-panz,n + OCRC,CSI»panZ,NH > DMRB 'Nsc,cul 'NsymbUCI - DH OACK + OSR + ZOCSI-panLn +OCRC, CSI»paan (Qm 'r)ED 'Qm T
n=l D

n=l 0 H

reported
the UE selects the first = “SIP"2 Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214],

total

for transmission together with the HARQ-ACK, SR and = ! Part 1 CSI reports , where Ocst-parcin is the

number of Part 1 CSI report bits for the ™ CSI report and Ocst-parczan is the number of Part 2 CSI report bits
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N
n O OCS[ -part2,n
for the "t CSI report priority value, ~ CRGCSIPAN jg 4 number of CRC bits corresponding to = ,
NG, +1
O OCSI -part2,n
and CRC, CSI -part2,N +1

is a number of CRC bits corresponding to =

reported total

- else, the UE drops all Part 2 CSI reports and selects = “I"P™ Part 1 CSI report(s), from the Nes 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 = Il gatisfies
N repored
H CSI-partl H
PUCCH RB PUCCH
HOACK +Og + ZOCSI-part],n +OCRC, CSI-partl,Nﬁ <Mpg 'Nsc,ctrl .NsymbUCI QT
n=l
and
H Neord g H
CSI-partl
PUCCH RB PUCCH
DOACK + OSR + Z OCSI—partl,n + OCRC, CSI-partl,N +1 D > MRB .Nsc,ctrl .NsymbUCI 'Qm T O
n=l
1 I . where ~CRGCSI-partl ;¢
 reported
CSI-partl
Oack +Os * 2, Ocstparn 0
a number of CRC bits corresponding to n=l UCI bits, and ~ CRECSI-partLN+L ¢ 5
repored g
CSI-partl
OACK + OSR + Z OCSI -partl,n
number of CRC bits corresponding to n=l UCI bits.

PUCCH

If a UE is provided a first interlace of ~ M n.ce0 PRBs by interlace0 in InterlaceAllocation-r16, the UE has

HARQ-ACK, SR and sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format
3, where

and

the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI
formats 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 Clauses 9.2.1 and 9.2.3 for Oy UCI bits

if [Opck+Osp+Ocsi+Ocrc) < Minernaeeo” Nacun * Neympvcr* QT » the UE transmits the HARQ-ACK,
SRandthe N E);all CSl report bits in a PUCCH over the first interlace

else if the UE is provided a second interlace of M i}ggﬁil PRBs by interlacel in PUCCH-format3 and if

PUCCH PUCCH RB PUCCH .
OACK +OSR+OCSI+OCRC) < (Mlnterlace,0+ MInterlace,l) : Nsc,ctrl ) Nsymb—UCI : Qm *r , the UE transmits the

HARQ-ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces

else, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing

PUCCH _ . PUCCH . . o . PUCCH PUCCH
Mg with  Myenaceo - OF if the UE is provided interlacel, with My olace 0 M neerlace 1

Table 9.2.5.2-1: Code rate I' corresponding to value of maxCodeRate

maxCodeRat Code rate
e r
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0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

~N[o|g|~|WIN|F|O

9.2.6 PUCCH repetition procedure

repeat
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, = PUSCH | for repetitions of a PUCCH
transmission by respective nrofSlots.
t
por Nt 1

repeat
N PUCCH g]ots

the UE repeats the PUCCH transmission with the UCI over

repeat

- aPUCCH transmission in each of the Nojean slots has a same number of consecutive symbols, as provided by
nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4

repeat

- a PUCCH transmission in each of the Novec slots has a same first symbol, as provided by startingSymbolIndex
in PUCCH-formatl, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4

- the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH
transmissions in different slots

- if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots
- the UE performs frequency hopping per slot

- the UE transmits the PUCCH starting from 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

repeat
UE transmits the PUCCH in Novean
PUCCH in the slot

slots is counted regardless of whether or not the UE transmits the

- 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 of an SS/PBCH block with index indicated to a UE by ssb-PositionsInBurst in
SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon.

repeat

For unpaired spectrum, the UE determines the " "PUCCH glots for a PUCCH transmission starting from a slot indicated to
the UE as described in Clause 9.2.3 and having

- an UL symbol, as described in Clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by
startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
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- consecutive UL symbols, as described in Clause 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-
format1, or in PUCCH-format3, or in PUCCH-format4

repeat repeat

For paired spectrum, the UE determines the ~PUCH slots for a PUCCH transmission as the * PUCCH consecutive slots
starting from a slot indicated to the UE as described in Clause 9.2.3.

repeat

If a UE would transmit a PUCCH over a first number Novean >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 Clause 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 Novean >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 each slot of 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 PUCCH that
include the UCI type with lower priority

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 Clause 9.2.5.

repeat repeat
If a UE would transmit a PUCCH over Nyyce slots and the UE does not transmit the PUCCH in a slot from the Npyces

repeat

slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of Noean
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. Offset values are also defined for multiplexing CG-UCI [5, TS 38.212] in a

CG-PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH transmission or by
higher layers.

If a DCI format that does not include a beta_offset indicator field schedules the PUSCH transmission from the UE and
[)) HARQ- ACK ﬂ CSI-1 /J) CSI-2
the UE is provided betaOffsets = 'semiStatic’, the UE applies the /offset offset and offset values that are

provided by betaOffsets = 'semiStatic' for the corresponding HARQ-ACK information, Part 1 CSI reports and Part 2
CSI reports.

If the PUSCH transmission is with a configured grant and the UE is provided CG-UCI-OnPUSCH= 'semiStatic', the UE
HARQ- ACK /)) CSI-1 CSI-2

applies the Potre offset - and Bofse values that are provided by CG-UCI-OnPUSCH = 'semiStatic' for the
corresponding HARQ-ACK information, Part 1 CSI reports and Part 2 CSI reports.

If the PUSCH is scheduled by DCI format 0_0 and the UE is provided betaOffsets = 'dynamic’, the UE applies the
[))HARQ- ACK [))CSI -1 /3 CSI-2

offset , Ioffset and Foftset yalues that are determined from the first value of betaOffsets = 'dynamic'.
If the PUSCH is a configured grant Type 2 PUSCH activated by DCI format 0_0 and the UE is provided CG-UCI-

HARQ- ACK CsI-1 CSI-2
OnPUSCH ='dynamic', the UE applies the Bofise Botise , and Boiset yalues that are determined from the first

value of CG-UCI-OnPUSCH = 'dynamic'.
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HARQ- ACK

HARQ-ACK information offsets Bofie are configured to values according to Table 9.3-1. The betaOffsetACK-
HARQ- ACK I HARQ- ACK

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes ~°ffset0 | “offset — gapg

I HARQ- ACK
offset.2 for the UE to use if the UE multiplexes up to 2 HARQ-ACK information bits, more than 2 and up to 11
HARQ-ACK information bits, and more than 11 bits in the PUSCH, respectively.

Part 1 CSI report and Part 2 CSI report offsets Botter and Botset , respectively, are configured to values according to
Table 9.3-2. The betaOffsetCSI-Part1-Index1 and betaOffsetCSI-Part2-Index1 respectively provide indexes I‘sffssle—tl’o and
I"C“Ssefo 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 indexes "sze_tl’l or ‘chfssle—jl 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 that includes a beta_offset indicator field with one bit or two bits, as configured by uci-OnPUSCH,
schedules the PUSCH transmission from the UE, the UE is provided by each of {betaOffsetACK-Index1,
HARQ- ACK
betaOffsetACK-Index2, betaOffsetACK-Index3} a set of two or four Lo indexes, by each of {betaOffsetCSI-
CSI-1
Partl-Index1, betaOffsetCSI-Part1-Index2} a set of two or four Tofrses indexes, and by each of {betaOffsetCSI-Part2-
csi-2
Index1, betaOffsetCSI-Part2-Index2} a set of two or four Lo indexes from Tables 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
HARQ- ACK I CSI -1 CSI-2
transmission. The beta_offset indicator field indicates a  ffset value, a ~offset value and a " °fset value from the
respective sets of values, with the mapping defined in Table 9.3-3 and in Table 9.3-3A.

For a PUSCH transmission that is configured by a ConfiguredGrantConfig, or for an activated PUSCH transmission

that is configured by semiPersistentOnPUSCH, and includes CG-UCI, the UE is provided by betaOffsetCG-UCI-r16 a
I SfsteIf €' value, from a set of values, with the mapping defined in Table 9.3-4. If the UE multiplexes HARQ-ACK
information in the PUSCH transmission, as described in Clause 9.2.5, the UE jointly encodes the HARQ-ACK

information and the CG-UCI [5, TS 38.212] and determines a corresponding [ g}:};Q'ACK/CG'UCI value as TBD.
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Table 9.3-1: Mapping of beta_offset values for HARQ-ACK information and the index signalled by
higher layers

JHARQ-ACK HARQ- ACK
offset,0 or offsetl o /J)Pflf AI:Q_ TR
Ly -

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
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Table 9.3-2: Mapping of beta_offset values for CSI and the index signalled by higher layers

It o
I ey Biset
195 | e
I e

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 four beta_offset indicator values to offset indexes

q q HARQ- ACK HARQ- ACK HARQ- ACK CSI-1 CSI-2 CSI-1 CSI-2
betaﬁoffset Indlcator (Ioffset,O or Ioffset,l or Ioffsel,Z ) ( offset,0 or Offset,O) (Ioffset,l or Ioffset,l)
'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
Table 9.3-3A: Mapping of two beta_offset indicator values to offset indexes
A a HARQ- ACK HARQ- ACK HARQ- ACK CSI-1 CSI-2 CSI-1 CsI-2
beta_OffSEt indicatorn (Ioffset,o or Ioffset,l Ioffset,2 )’ ( offset,0 or offset,0 )’ (Ioffset,l or offset,l)
‘0’ 1% offset index provided by higher layers
‘1 2" 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.

If a UE is provided PDCCHMonitoringCapabilityConfig for a serving cell, the UE obtains an indication to monitor
PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs

- perslot, as in Tables 10.1-2 and 10.1-3, if PDCCHMornitoringCapabilityConfig = R15 PDCCH monitoring
capability, or

- per span, as in Tables 10.1-2A and 10.1-3A, if PDCCHMornitoringCapabilityConfig = R16 PDCCH monitoring
capability

If the UE is not provided PDCCHMonitoringCapabilityConfig, the UE monitors PDCCH on the serving cell per slot.

A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL. BWP of a
serving cell. A span pattern is defined by a pair of numbers of symbols (X s Y) with X2Y . X isa
minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective
consecutive span patterns and defines a span, and Y  is a number of consecutive symbols for PDCCH monitoring

occasions within the X  symbols, starting from the first symbol of the X  symbols, and defines a span gap.

A UE capability for PDCCH monitoring per slot or per span on an active DL BWP of a serving cell is defined by a
maximum number of PDCCH candidates and non-overlapped CCEs the UE can monitor per slot or per span,
respectively, on the active DL BWP of the serving cell.

For monitoring of a PDCCH candidate by a UE in a slot or in a span, if the UE

- has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in
ServingCellConfigCommon for a serving cell, and
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- does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and

- atleast one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index
provided by ssb-PositionsInBurst in SIB1,

the UE is not required to monitor the PDCCH candidate.

For monitoring of a PDCCH candidate by a UE in a slot, if the UE
- has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
- does not monitor PDCCH candidates in a Type0O-PDCCH CSS set, and

- atleast 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 a UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure
described in Clause 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 for a UE on the serving cell overlaps with at least one RE of Ite-CRS-
ToMatchAround, or of LTE-CRS-PatternList-r16, the UE is not required to monitor the PDCCH candidate.

If a UE can support

- afirstsetof N cDe]fls,O serving cells where the UE is either not provided CORESETPoolIndex or is provided

CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first
set of serving cells, and

- asecondsetof N E:‘elfls,l serving cells where the UE is provided CORESETPoolIndex with a value 0 for a first

CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set
of serving cells

the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as
N cDeIﬁs’0+ R-N CDeIﬁs’l where R is either a value reported by the UE or R=TBD if the UE does not report a
value of R.

If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells and the UE is not
provided PDCCHMonitoringCapabilityConfig for any downlink cell or if the UE is provided
PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all downlink cells where the UE
monitors PDCCH, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates
and for a maximum number of non-overlapped CCEs the UE can monitor per slot when the UE is configured for carrier
aggregation operation over more than 4 cells. When a UE is not configured for NR-DC operation, the UE determines a
capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per
cap
slot that corresponds to ~ !5 downlink cells, where

N DL . nyDL
cells jg Neaiiso+ RN oo if the UE does not provide pdcch-BlindDetectionCA where

DL DL . ' . ,
N ceniso+ Neenisy  is the number of configured downlink serving cells

cap
- otherwise, = I js the value of pdcch-BlindDetectionCA

When a UE is configured for NR-DC operation, the UE determines a capability to monitor a maximum number of
ap _ NMCG
PDCCH candidates and a maximum number of non-overlapped CCEs per slot that corresponds to = ¢els " cels
MCG
downlink cells for the MCG where ~ I is provided by pdcch-BlindDetection for the MCG and determines a
capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per
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cap — 7rSCG SCG
slot that corresponds to @5 ~ ¢S downlink cells for the SCG where 5 is provided by pdcch-BlindDetection for
the SCG. When the UE is configured for carrier aggregation operation over more than 4 cells, or for a cell group when
the UE is configured for NR-DC operation, the UE does not expect to monitor per slot a number of PDCCH candidates
or a number of non-overlapped CCE:s that is larger than the maximum number as derived from the corresponding value

cap
of N

cells

DL,cells
When a UE is configured for NR-DC operation with a total of © NR-PC downlink cells on both the MCG and the SCG,
the UE expects to be provided pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG with values
that satisfy

- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= pdcch-BlindDetectionCA, if the UE
reports pdcch-BlindDetectionCA, or

DL,cells
- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= ~ NR-DC 'if the UE does not report
pdcch-BlindDetectionCA.

For NR-DC operation, the UE may indicate, through pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-
UE, respective maximum values for pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG.

If the UE reports pdcch-BlindDetectionCA,

- the value range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is [1, ..., pdcch-
BlindDetectionCA-1], and

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA.

DL,cells
Otherwise, if = "RPEMA j 3 maximum total number of downlink cells that the UE can be configured on both the MCG

and the SCG as described in [10, TS 38.133],
- the value range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is [1, 2, 3],

DL,cells
- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= ~ NR-DGmax,

If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than X downlink cells, the UE
includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number
of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation
over more than X downlink cells. When a UE is not configured for NR-DC operation and the UE is provided
PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cell where the UE monitors
PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number

of non-overlapped CCEs per span that corresponds to [N ZZZS_ 1% downlink cells, where
- NS s the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-
ri6

cap—r16
cells

- otherwise, N is the value of pdcch-BlindDetectionCA-r16

If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than Y
downlink cells or larger than Z downlink cells, respectively, the UE includes in UE-NR-Capability-r15 or in UE-NR-
Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped
CCE:s the UE can monitor for downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring
capability or for downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability when
the UE is configured for carrier aggregation operation over more than Y downlink cells or over more than Z downlink
cells, respectively, and with at least one downlink cells from the Y downlink cells and at least one downlink cell from
the Z downlink cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that

Ncapfr16 Ncapfrl(i

cells,r15  downlink cells or to cells,r16  downlink cells, respectively, where

corresponds to
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cap—r16
- Ncells,r 15

ri5

is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-

- otherwise, N ggﬁs_ :}g is the value of pdcch-BlindDetectionCA-r15

and

- NEhTle s the number of configured downlink cells if the UE does not provide pdech-BlindDetectionCA-

ri6

- otherwise, N ﬁ‘;ﬁ; :}2 is the value of pdcch-BlindDetectionCA-r16

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

- 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-RNTT 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-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-
SRS-RNTI, CI-RNTI, or PS-RNTI 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, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL-
L-CS-RNTTL.

For a DL BWP, if a UE is not provided searchSpaceSIB1 for Type0-PDCCH CSS set by PDCCH-ConfigCommon, the
UE does not monitor PDCCH candidates for a Type0-PDCCH CSS set on the DL BWP. The Type0-PDCCH CSS set is
defined by the CCE aggregation 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 CORESET with index 0, 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 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, if a UE is not provided ra-SearchSpace for Typel-PDCCH CSS set, the UE does not monitor PDCCH
for Typel-PDCCH CSS set on the DL BWP. If the UE has not been provided a Type3-PDCCH CSS set or a USS set
and the UE has received a C-RNTT and has been provided a Typel-PDCCH CSS set, the UE monitors PDCCH
candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTT in the Type1-PDCCH CSS set.

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 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 as described in Clause
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13, and the UE is provided a C-RNTI, the UE monitors PDCCH candidates only at monitoring occasions associated
with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of

- aMAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index
0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the
SS/PBCH block, or

- arandom access procedure that is not initiated by a PDCCH order that triggers a contention-free random access
procedure

If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-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, the DM-RS antenna port associated with corresponding PDSCH receptions, and the
corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD
properties, when applicable [6, TS 38.214], 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 provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIBI1,
searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and

- aC-RNTI, an MCS-C-RNTI, a CS-RNTI, a SL-RNTI, a SL-CS-RNTI, or a SL-L-CS-RNTI

the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the
MCS-C-RNTI, or the CS-RNTI in the one or more search space 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-RNTI.

If a UE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIBI1,
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 RNTTIs, the UE does not expect to process information from more than one DCI
format with CRC scrambled with the RNTI per slot.

Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE
aggregation level for CSS sets configured by searchSpaceSIB1

CCE Aggregation Level Number of Candidates
4 4
8 2
16 1

For each DL BWP configured to a UE in a serving cell, the UE can be provided by higher layer signalling with

- P<3 CORESETs if CORESETPoollndex is not provided, or if a value of CORESETPoolIndex is same for
all CORESETs if CORESETPoollIndex is provided
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- P<5 CORESETs if CORESETPoollndex is not provided for a first CORESET, or is provided and has a
value O for a first CORESET, and is provided and has a value 1 for a second CORESET

For each CORESET, the UE is provided the following by ControlResourceSet:
- a CORESET index p , by controlResourceSetld, where

OSp <12 if CORESETPoollIndex is not provided, or if a value of CORESETPoolIndex is same for all
CORESETs if CORESETPoollndex is provided;

- 0<p<16 if CORESETPoollndex is not provided for a first CORESET, or is provided and has a value 0
for a first CORESET, and is provided and has a value 1 for a second CORESET;

- 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;

- if the UE is provided by simultaneousTCI-CellList a number of lists of cells for simultaneous TCI state
activation, the UE applies the antenna port quasi co-location provided by TCI-States with same activated tci-
StateID value to CORESETs withindex p in all configured DL BWPs of all configured cells in a list
determined from a serving cell index provided by a MAC CE command

- an indication for a presence or absence of a transmission configuration indication (TCI) field for a DCI format,
other than DCI format 1_0, that schedules PDSCH receptions or indicates SPS PDSCH release and is transmitted

by a PDCCH in CORESET p , by tci-PresentInDCI or tci-PresentinDCI-ForDCIFormatl 2.
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 from LTE-CRS-
PatternList-r16, 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

BWP start
of the PRB index in the DL BWP bandwidth of Neg PRBs with starting common RB position = B¥? where the first
, e 8 15w /6
common RB of the first group of 6 PRBs has common RB index

of 6 consecutive RBs has common RB index N ;twp+rboffset

. If rb-Offset is provided, the first group

For a CORESET other than a CORESET with index 0,

- if a UE has not been provided a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-
StatesPDCCH-ToReleaseList for the CORESET, or has been provided initial configuration of more than one TCI
states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-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;

- if a UE has been provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList and tci-
StatesPDCCH-ToReleaseList for the CORESET as part of Reconfiguration with sync procedure as described in
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[12, TS 38.331] but has not received a MAC CE activation command for one of the TCI states as described in
[11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-
located with the SS/PBCH block or the CSI-RS resource the UE identified during the random access procedure
initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].

For a CORESET with index 0, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is
quasi co-located with

- the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation
command for the CORESET, if any, or

- a SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH
order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a
TCI state for the CORESET is received after the most recent random access procedure.

For a CORESET other than a CORESET with index 0, 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

k + 3 .Nsubframe,,u
command in the first slot that is after slot slot where K is the slot where the UE would transmit a

PUCCH with HARQ-ACK information for the PDSCH providing the activation command and H s the SCS
configuration for the PUCCH. The active BWP is defined as the active BWP in the slot when the activation
command is applied.

For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with S <10 gearch 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 $ and a CORESET p by controlResourceSetld
(0]
- a PDCCH monitoring periodicity of ks slots and a PDCCH monitoring offset of 5 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

k

- aduration of I <K 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 aggregationLevel16, for CCE aggregation level 1, CCE aggregation
level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively

- anindication that search space set S 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
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- an indication by dci-Format2-4 to monitor PDCCH candidates for DCI format 2_4
- an indication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6

- if search space set S 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, or an indication by dci-Formats-
Rel16 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0, or for DCI format 0_2 and DCI
format 1_2, or, if a UE indicates a corresponding capability, for DCI format 0_1, DCI format 1_1, DCI format
0_2, and DCI format 1_2, or for DCI format 3_0, or for DCI format 3_1, or for DCI format 3_0 and DCI format
3.1

If the monitoringSymbolsWithinSlot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols
that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be
configured with a PDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol.

A UE does not expect to be provided 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 $, the UE determines

n* n
that a PDCCH monitoring occasion(s) exists in a slot with number >/ [4, TS 38.211] in a frame with number ! if
n, -N¥m™e 4 pnt - o Jmod k, =0 frame,p , _u — . .
froo sl sf s s ngNge "+ng;—0, Jmodk, =0  The UE monitors PDCCH candidates

. . n{ . .
for search space set S for T, consecutive slots, starting from slot /|, and does not monitor PDCCH candidates for
search space set S for the next k.- T, consecutive slots.

|

[
| LE(1,2,4,8,16) is defined by a set of PDCCH candidates for CCE aggregation

A USS at CCE aggregation leve
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 S associated with CORESET p , the CCE indexes for aggregation level L corresponding to

m
PDCCH candidate *" of the search space set in slot Msf for an active DL BWP of a serving cell corresponding to

. . . o n .
carrier indicator field value "< are given by

HH Dms,na .NCCE,pI:I
HHYp,n;;JfE LMB, gl

where

Y .
for any CSS, 7™
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for a USS, Yp’n;} :lAp ‘Yp,n;; . 1)rnodD’ O 7&0’ A, =39827 for pmod 3 :0’ A, =39829

Ap =39839 for pmod 3 22’ and D =65537 :

for pmod 3 =1

i=0,---,L-1,

bl

Nece.s i the number of CCEs, numbered from 0 to Nece,p - 1, in CORESET P

Ma s 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,
ng =0,

m,, =0,..M" -1 M%)
Sfa 777 sta T where © ®"@ s the number of PDCCH candidates the UE is configured to monitor for

aggregation level L of a search space set S for a serving cell corresponding to M ;

for any CSS, = smax 780,

Mo M®
fora USS, = ™ is the maximum of ~~ *"@ over all configured "o values for a CCE aggregation level L of search
space set S ;

the RNTI value used for "®T! s the C-RNTIL.
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 for a first DCI format scheduling
PUSCH transmission, other than DCI format 0_0, or for a second DCI format scheduling PDSCH reception or

n
SPS PDSCH release, other than DCI format 1_0, having a first size and associated with serving cell .z

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET p for

n
a first DCI format or for a second DCI format, respectively, having a second size and associated with serving cell = <!

if the first size and the second size are same.

A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats
with CRC scrambled by C-RNTI per serving cell. The UE counts a number of sizes for DCI formats per serving cell
based on a number of configured PDCCH candidates in respective search space sets for the corresponding active DL
BWP.

A UE does not expect to detect, in a same PDCCH monitoring occasion, a DCI format with CRC scrambled by a SI-
RNTI, RA-RNTI, TC-RNTIL, P-RNTI, C-RNTI, CS-RNTI, or MCS-RNTT and a DCI format with CRC scrambled by a
SL-RNTI or a SL-CS-RNTI for scheduling respective PDSCH and PSSCH receptions on a same serving cell.

m S.
A PDCCH candidate with index " for a search space set ’ using a set of CCEs in a CORESET p on the active
m
DL BWP for serving cell "@ is not counted for monitoring if there is a PDCCH candidate with index " for a search

S<S . . . . . nS.n ns.n <m5»l’l . p
space set '/, orif there is a PDCCH candidate with index "¢ and *"'@ 7a in the CORESET on the

active DL BWP for serving cell N using a same set of CCEs, the PDCCH candidates have identical scrambling, and
the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with

m
index %" is counted for monitoring.
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maxslot, u
Table 10.1-2 provides the maximum number of monitored PDCCH candidates, =~ PPCCH  per slot for a UE in a DL

BWP with SCS configuration u for operation with a single serving cell.

maxslot, u

Table 10.1-2: Maximum number "~ PPCCH  of monitored PDCCH candidates per slot for a DL BWP with

[ |
SCS configuration “ €10.1.23] gor a single serving cell
u maxslot, u
Maximum number of monitored PDCCH candidates per slot and per serving cell ~~ PDCCH
0 44
1 36
2 22
3 20
Table 10.1-2A provides the maximum number of monitored PDCCH candidates, M ;!',‘;XC‘C’; Yo , per span for a UE in

a DL BWP with SCS configuration g for operation with a single serving cell.

Table 10.1-2A: Maximum number M;'g’é‘cﬁm’“ of monitored PDCCH candidates in a span of a span
pattern (X, Y) for a DL BWP with SCS configuration p€ }:0, 1} for a single serving cell

. (Xx,Y] .
Maximum number M p ¢ o H " of monitored

PDCCH candidates per span pattern (X y Y) and
per serving cell

u 2,2 (4,3) (7,3)
0 M01 MO02 MO03
1 M11 M12 M13

maxglot, u

Table 10.1-3 provides the maximum number of non-overlapped CCEs, Cepce , for a DL BWP with SCS

configuration u that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a
single serving cell.

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.

maxslot, u
Table 10.1-3: Maximum number ~?PCCH  of hon-overlapped CCEs per slot for a DL BWP with SCS

[ |
configuration “ €10,1.23] fora single serving cell

maxgslot, u
Maximum number of non-overlapped CCEs per slot and per serving cell —P?DCCH

56
56
48
32

wNn[k|lol &

Table 10.1-3A provides the maximum number of non-overlapped CCEs, C?g(c’g{’w’“ , for a DL BWP with SCS

configuration p that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a
single serving cell.
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Table 10.1-3A: Maximum number cf;‘,;;’gg;”“ of non-overlapped CCEs in a span of a span pattern

(X, Y) for a DL BWP with SCS configuration € {0, 1} for a single serving cell

Cmax,{X,Y\,y of non-
PDCCH

overlapped CCEs per span pattern [X , YJ and
per serving cell

Maximum number

u 2,2) (4,3) (7.3)
0 co1 co2 56
1 ci1 C12 56

A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns (2, 2), (4, 3), and (7, 3)
per SCS configuration of p=0 and p=1 .If the UE indicates a capability to monitor PDCCH according to
multiple span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH
monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of X for

two or more of the multiple span patterns, the UE is expected to monitor PDCCH according to the span pattern

C.max,{X,Yl,y

associated with the largest maximum number of PDCCH

If a UE
- does not report pdcch-BlindDetectionCA or is not provided BDFactorR, yY=R

- reports pdcch-BlindDetectionCA, the UE can be indicated by BDFactorR either y=1 or y=R

If a UE is configured with N CDe%fsl,JO +N CDEE’S’A downlink cells with active DL BWPs using SCS configuration H

3

where Z (N ]C)Ei;flo +y-N DL} o pypeap , the UE is not required to monitor, on the active DL BWP of the scheduling

\ cells,1) =" cells
p=0
cell,
total,slot, u M maxslot, u total,slot, . __ Cmaxslot, u
- more than = PPCCH PDCCH  PDCCH candidates or more than ~PPCCH PDCCH  pon-overlapped CCEs

per slot for each scheduled cell when the scheduling cell is from the [N cDeIl‘l’sI,J o downlink cells, or

total,slot, slot, . total,slot, slot,
- morethan Moppcen =y Mppcen PDCCH candidates or more than  Cppcen =y - Coepecn - hon-

overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the N CDeIﬁ’Sf’ 1 downlink

cells- more than M pac?®*  PDCCH candidates or more than ~ Clyce?  non-overlapped CCEs per slot
for CORESETSs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from

the N CDGTI’S"J 1 downlink cells

If a UE is configured with [N cDeIﬁ;f10+N CDeIﬁ’Sfll downlink cells with active DL BWPs using SCS configuration u ,

3
DL, . DL, ¢ cap
where Z (Ncells,0+y N )>N

cells,1 cells

, a DL BWP of an activated cell is the active DL. BWP of the activated cell,
u=0

and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the

deactivated cell, the UE is not required to monitor more than

cells cells,1 cells,0 cells,1

3
total,slot, p __ cap max,slot, . DL, . DL,u DL, j . n7PL.J .
Mpncen =L N M onicn (Ncells,0+y N )/Z (N +y'N )_/ PDCCH candidates or more
j=0

cells cells,1 cells,0 cells,1

3
total,slot, pr __ cap max,slot, p DL, u DL, u DL,j DL,j
than  Cprcen =1 N Concenr ' ( N oty N )/ z (N +y-N ) | non-overlapped CCEs per
j=0

slot on the active DL BWP(s) of scheduling cell(s) from the N cDeIﬁs,O +N ]c)elfls,l downlink cells.
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u

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration of the

. ( maxslot, u total,slot, u
min MPDCCH ) MPDCCH

DL, p
scheduling cell from the Neliso  downlink cells more than PDCCH candidates or more

. ( maxslot, u lotal,slot,‘u)
min\Cppeen” > C

than PDCCH " non-overlapped CCEs per slot.

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration g of the

scheduling cell from the N gﬁ’sf' | downlink cells

slot, iy rtotal slot, ,
Y -Mpocen ! s Mpncen’"'|  PDCCH candidates or more than

. max,slot, total,slot, y
mm(y Crncen’ > Cencen

- morethan min

non-overlapped CCEs per slot

max,slot, p total,slot, max,slot, total,slot, p

- morethan min ( Mnéen'" s Mppcen PDCCH candidates or more than  min|Cppécn’ s Cepocn
non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value

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 u , 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 PDCCH candidates for monitoring and the number of non-overlapped CCEs
per slot are separately counted for each scheduled cell.

For all search space sets within a slot 71 | denote by S a set of CSS sets with cardinality of I and by Suss a set of

0<j<J

S,
USS sets with cardinality of Jus The location of USS sets ~J , uss in Sus i according to an ascending order

of the search space set index.

L .
Mém)(,‘) O<i<I
b

Denote by ess the number of counted PDCCH candidates for monitoring for CSS set Sess() ang by

M(L) ) . .
Sus () | 0=j<Ju , the number of counted PDCCH candidates for monitoring for USS set Suss () .

ISS-
) MPCIS)SCCH = Z ZMéis)(i) ) o CSss
For the CSS sets, a UE monitors i=0 L PDCCH candidates requiring a total of ~PPCCH non-
overlapping CCEs in a slot.

The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with

SCS configuration u in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if
the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or
in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the
primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not
provided CORESETPoolIndex for first CORESETS, or is provided value 0 for first CORESETS, and is provided value 1

. . max,slot, total,slot, . max,slot, total,slot,
for second CORESETs, and if min (y ‘Mppcen s Mppcen ' |[>min (MPDCCH " Mppcen | or

. 1 sl . 1 Lsl . .
min (y -C E‘S’éz‘;}“ ,C ;)]Sac’ég’”)> mm( C ‘;’g’ééi}“ , ng%ég‘y ) , the following pseudocode applies only to USS sets

associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH
candidates for monitoring.

Ve (S ()

Denote by Veee (Suss (1)) the set of non-overlapping CCEs for search space set Sus() and by the

cardinality of Veer (S (1)) where the non-overlapping CCEs for search space set Suss(J) are determined considering
the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring

for all search space sets Suss(k), 0=k=j .
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or Mg =min (s, ppseisen) s

uss N ( maxslot, u total,slot,_u)_ css
Set Copeen =min\Cppeey™™ s Copeen Chpecn

Set J =0

(L) uss
Z MSuss(j) SMPDCCH
L

e anp WVocs 60 =Gy

(L)
2 M5,
L

allocate PDCCH candidates for monitoring to USS set S (J)

uss —puss _ (L)
MPDCCH _MPDCCH ZMSM(j)
L
;

Cepocn =Corncen - dVCCE (Suss(J )))

J=j+1l.
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
same or different QCL-TypeD properties on active DL, BWP(s) of one or more cells

the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same
QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells

- the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing
CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index

- 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 CORESETs
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 TCI-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-C-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-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not
transmitted any corresponding PUSCH symbol.

If a UE is not provided PDCCHMonitoringCapabilityConfig, and

- is not configured for NR-DC operation and indicates through pdcch-BlindDetectionCA a capability to monitor

: N&» >4 : : , o NOL >4 :
PDCCH candidates for ~ cells downlink cells and the UE is configured with = cells downlink cells or
N >4 o
cells uplink cells, or

DL UL
- is configured with NR-DC operation and for a cell group with Nears downlink cells or Neets uplink cells

.7y cap
the UE expects to have respectively received at most 16 -Neais PDCCHs for

. N\Jcap
- DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16 -Neais PDSCH

DL
receptions for which the UE has not received any corresponding PDSCH symbol over all N downlink cells

.\ cap
- DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16 Nt PUSCH
UL
transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all N 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 a DCI format determines, in case of an active DL. BWP or of an
active UL BWP change, that the information in the DCI format is applicable to the new active DL BWP or UL BWP,
respectively, as described in Clause 12.

For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on serving cell €2 , 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 €2 and if the

. . . . . c . c
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
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more REs that overlap with REs of any RB in the set of RBs in symbols of the slot, the UE does not expect to monitor
the PDCCH candidate.

10.2 PDCCH validation for DL SPS and UL grant Type 2

A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or configured UL grant
Type 2 PDCCH if

- the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
- the new data indicator field in the DCI format for the enabled transport block is set to '0'".

If a UE is provided a single configuration for UL grant Type 2 PUSCH or for SPS PDSCH, 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 a UE is provided more than one configurations for UL grant Type 2 PUSCH or for SPS PDSCH, a value of the
HARQ process number field in a DCI format indicates an activation for a corresponding UL grant Type 2 PUSCH or for
a SPS PDSCH configuration with a same value as provided by Configuredgrantconfig-index or by SPSconfig-index,
respectively. Validation of the DCI format is achieved if the RV field for the DCI format is set as in Table 10.2-3.

If a UE is provided more than one configurations for UL grant Type 2 PUSCH or for SPS PDSCH

- if the UE is provided Type2Configuredgrantconfig-ReleaseStateList or SPS-ReleaseStateList, a value of the
HARQ process number field in a DCI format indicates a corresponding entry for scheduling release of one or
more UL grant Type 2 PUSCH or SPS PDSCH configurations

- if the UE is not provided Type2Configuredgrantconfig-ReleaseStateList or SPS-ReleaseStateList, a value of the
HARQ process number field in a DCI format indicates a release for a corresponding UL grant Type 2 PUSCH or
for a SPS PDSCH configuration with a same value as provided by Configuredgrantconfig-index or by
SPSconfig-index, respectively

Validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-4.

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 single DL SPS or single UL grant Type 2 scheduling activation PDCCH
validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration

DCI format 0_0/0_1/0_2 DCI format1 0/1_2 DCl format1 1
HARQ process number setto all '0's/0_2 setto all '0's setto all '0's
Redundancy version setto all '0's setto all '0's For the enabled tralnlsport block:
set to all '0's

Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH
validation

DCI format 0_0/0_1/0 2 |DCIl format1 0/1_1/1 2

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

Redundancy version setto all '0's setto all '0's

Modulation and coding scheme setto all '1's settoall'1l's
Frequency domain resource . setto all ‘0's for .FPRA
assignment setto all '1's Type 0 set to all '1's for

FDRA Type 1

Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation
PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations

DCI format 0_0/0_1/0_2 DCI format1 0/1 2 DCl format1 1
Redundancy version setto all '0's setto all '0's For the enabled tralnlsport block:
set to all '0's
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Table 10.2-4: Special fields for multiple DL SPS and UL grant Type 2 scheduling release PDCCH

validation
DCI format 0_0/0_1/0 2 DCl format1 0/1 1/1 2
Redundancy version setto all '0's setto all '0's
Modulation and coding scheme settoall'l's setto all'l's
Frequency domain resource assignment setto all '1's setto all'0's for FDRA Type 0
set to all '1's for FDRA Type 1

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. If processingType2Enabled of PDSCH-ServingCellConfig

is set to enable for the serving cell with the PDCCH providing the SPS PDSCH release, N=5 gor 4 =0 , N'=55 for
u :1,and N =11 gop 4 =2 _otherwise, V =10 for 4 :0, N =12 o H :1, N=22 g, =2 cand N =25 for
u =3 u

/ , wherein corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH
providing the SPS PDSCH release and the SCS configuration of a PUCCH carrying the HARQ-ACK information in
response to a SPS PDSCH release.

10.3 PDCCH monitoring indication and dormancy/non-dormancy
behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
- aPS-RNTI for DCI format 2_6 by ps-RNTI

- anumber of search space sets, by dci-Format2-6, to monitor PDCCH for detection of DCI format 2_6 on the
active DL BWP of the PCell or of the SpCell according to a common search space as described in Clause 10.1

- apayload size for DCI format 2_6 by SizeDCI_2-6
- alocation in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where

- the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the PDCCH
monitoring' bit is '0’, and

- the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the PDCCH monitoring'
bit is 1"

- abitmap, when the UE is provided a number of groups of configured SCells by Scell-groups-for-dormancy-
outside-active-time, where

- the bitmap location is immediately after the 'PDCCH monitoring' bit location

- the bitmap size is equal to the number of groups of configured SCells where each bit of the bitmap
corresponds to a group of configured SCells from the number of groups of configured SCells

- a'0'value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE [11,
TS38.321] for each activated SCell in the corresponding group of configured SCells

- a'l"value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-
DClI-outside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells

- an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6
according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the
PCell or on the SpCell [11, TS 38.321]

- for each search space set, the PDCCH monitoring occasions are the ones in the first T, slots indicated by
duration,or T =1 slot if duration is not provided, starting from the first slot of the first T, slots and
ending prior to the start of drx-onDurationTimer.

The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].
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If a UE reports for an active DL BWP a requirement for a number of slots prior to the beginning of a slot where the UE
would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during
the number of slots.

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the
PCell or of the SpCell and the UE does not detect DCI format 2_6

- if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or
whether the UE shall start the drx-onDurationTimer for the next DRX cycle

- if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer
for the next DRX cycle

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the
PCell or of the SpCell and the UE

- is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10 and 11.1, for all
corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or

- does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next
DRX cycle

the UE shall start by drx-onDurationTimer for the next DRX cycle.

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 and if
one or both of DCI format 0_1 and DCI format 1_1 include a XYZ field,

- the XYZ field is a bitmap with size equal to a number of groups of configured SCells, provided by Scell-groups-
for-dormancy-within-active-time,

- each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured
SCells

- a'0" value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for each
activated SCell in the corresponding group of configured SCells

- a'l'value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-
inside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if

- resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in
DCI format 1_1 are equal to 0, or

- resourceAllocation = resourceAllocationTypel and all bits of the frequency domain resource assignment field in
DCI format 1_1 are equal to 1

the UE considers the DCI format 1_1 as indicating an active DL BWP provided by dormant-BWP or by first-non-
dormant-BWP-ID-for-DClI-inside-active-time for each activated SCell and interprets the sequence of fields of, for
transport block 1

- Modulation and coding scheme
- New data indicator
- Redundancy version
and of
- HARQ process number
- Antenna port(s)

- DMRS sequence initialization
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as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where- a'0' value for a
bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for a corresponding
activated SCell

- a'l'value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-
inside-active-time, for the UE for a corresponding activated SCell

If an active DL BWP provided by dormant-BWP for a UE on an activated SCell is not a default DL. BWP for the UE on
the activated SCell, as described in Clause 12, the BWP inactivity timer is not used for transitioning from the active DL
BWP provided by dormant-BWP to the default DL BWP on the activated SCell.

10.4  Search space set switching

A UE can be provided a group index for a respective search space set by searchSpaceGroupldList-r16 for PDCCH
monitoring on a serving cell indicated by searchSpaceSwitchingGroup-r16. If the UE is not provided
searchSpaceGroupldList-r16 for a search space set, or for PDCCH monitoring on a serving cell that is not indicated by
searchSpaceSwitchingGroup-r16, the following procedures are not applicable for PDCCH monitoring according to the
search space set.

A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one
after each slot in the active DL BWP of the serving cell where the UE monitors PDCCH for detection of DCI format
2_0.

If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switching field for a serving cell
in a DCI format 2_0, as described in Clause 11.1.1, and detects DCI format 2_0 in a slot

- if the UE is not monitoring PDCCH according to search space sets with group index 0, the UE starts monitoring
PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search
space sets with group index 1, on the serving cell at a first slot that is at least P1 symbols after the slot in the
active DL BWP of the serving cell, if a value of the search space set switching field is 0

- if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH
according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets
with group index 0, on the serving cell at a first slot that is at least P1 symbols after the slot in the active DL
BWP of the serving cell, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-
r16, if a value of the search space set switching field is 1

- if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts
monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring
PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot
that is at least P1 symbols after a slot where the timer expires or after a last slot of a remaining channel
occupancy duration for the serving cell that is indicated by DCI format 2_0

If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,

- if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0 in a
slot, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring
PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P2
symbols after the slot in the active DL BWP of a serving cell, the UE sets the timer value to the value provided
by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space
set

- if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts
monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring
PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot
that is at least P2 symbols after a slot where the timer expires or, if the UE is provided a search space set to
monitor PDCCH for detecting a DCI format 2_0, after a last slot of a remaining channel occupancy duration for
the serving cell that is indicated by DCI format 2_0

10.5 HARQ-ACK information for PUSCH transmissions

A UE can be configured a number of search space sets to monitor PDCCH for detecting a DCI format 0_1 with CRC
scrambled with a CS-RNTI provided by cs-RNTI. The UE determines that the DCI format provides HARQ-ACK

3GPP



Release 16 116 3GPP TS 38.213 V16.0.0 (2019-12)

information for PUSCH transmissions based on an XYZ field value, as described in [5, TS 38.212], if a PUSCH
transmission is configured by ConfiguredGrantConfig or is an activated PUSCH transmission configured by
semiPersistentOnPUSCH.

The HARQ-ACK information corresponds to transport blocks in PUSCH transmissions for a number of HARQ
processes provided by nrofHARQ-Processes for a serving cell of a PDCCH reception that provides DCI format 1_0 or,
if DCI format 1_0 includes a carrier indicator field, for a serving cell indicated by a value of the carrier indicator field.

For a PUSCH transmission configured by ConfiguredGrantConfig or for activated PUSCH transmissions configured by
semiPersistentOnPUSCH, HARQ-ACK information for a transport block of a corresponding HARQ process number is
valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission, or of any repetition of
the PUSCH transmission, by a number of symbols provided by cg-minDFIDelay-r16.

For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a
corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the
PUSCH transmission or, if the PUSCH transmission is over multiple slots,

- after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols
provided by cg-minDFIDelay-r16, if a value of the HARQ-ACK information is ACK.

- after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols
provided by cg-minDFIDelay-r16, if a value of the HARQ-ACK information is NACK.

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

- areference SCS configuration Hires by referenceSubcarrierSpacing
- apatternl.

The patternl provides

a slot configuration period of P msec by dI-UL-TransmissionPeriodicity
- anumber of slots oo with only downlink symbols by nrofDownlinkSlots
. d ;

- anumber of downlink symbols ~ %™ by nrofDownlinkSymbols

- anumber of slots Ysiets with only uplink symbols by nrofUplinkSlots
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sym

u
- anumber of uplink symbols by nrofUplinkSymbols

Avalue P =0-625 mgec is valid only for “rt =3 Avalue P =125 mgec is valid only for e =2 op Mt :3. A value

1 u,.=2 u.. =3

P =2.5 msec is valid only for Mref = or Hret =% op Hret =2

A slot configuration period of P msec includes S =P 2" slots with SCS configuration Hret  From the S slots, a

sym

first dS"’tS slots include only downlink symbols and a last Ysos slots include only uplink symbols. The symbols

u
after the first dSlOtS slots are downlink symbols. The ™ symbols before the last Ystos slots are uplink symbols. The
L\ slot i i
remaining (5 due - 1 Nomo™ diym - Uym 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 patterni and pattern2, the UE sets the slot format per slot over a
first number of slots as indicated by pattern1 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

slots,2

- anumber of slots with only downlink symbols by nrofDownlinkSlots

d
- anumber of downlink symbols ~¥™? by nrofDownlinkSymbols

slots,2

u
- anumber of slots with only uplink symbols by nrofUplinkSlots

u
- anumber of uplink symbols ~¥™?* by nrofUplinkSymbols

P,

The applicable values of ~2 are same as the applicable values for P

f P+P =P, -2«

. . . . . =p Dl
A slot configuration period o msec includes first S =P 2"“ slots and second > slots.

slots,2 slots,2

u
From the % slots, a first slots include only downlink symbols and a last include only uplink symbols.

sym,2 slots,2

ds m,2 : dslmsZ : u u
The ¥™* symbols after the first *~ slots are downlink symbols. The symbols before the last slots are

slot
(SZ - dslols,2 - uslols,Z) N d

symb~

uplink symbols. The remaining sym2” Uym2 are flexible symbols.

A UE expects that P+P, 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 Hret is smaller than or equal to a SCS configuration - for any
configured DL BWP or UL BWP. Each slot provided by patternl or pattern2 is applicable to gl ) 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 Hret and each downlink or flexible or uplink symbol for the reference SCS configuration Hret

corresponds to 2" consecutive downlink or flexible or uplink symbols for the SCS configuration u

If the UE is additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-
ConfigurationDedicated overrides only flexible symbols per slot over the number of slots as provided by tdd-UL-DL-
ConfigurationCommon.
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The tdd-UL-DL-ConfigurationDedicated 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-ConfigurationDedicated to indicate as uplink or as downlink a symbol
that tdd-UL-DL-ConfigurationCommon indicates as a downlink or as an uplink symbol, respectively.

For each slot configuration provided by tdd-UL-DL-ConfigurationDedicated, 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-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated 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-
ConfigurationDedicated to be available for receptions and considers symbols in a slot indicated as uplink by tdd-UL-
DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated 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 and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-
DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE

- the UE receives PDSCH or CSI-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, DCI format
2_3, ora RAR UL grant

For operation on a single carrier in unpaired spectrum, 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 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.

For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or
PUCCH, or PUSCH, or PRACH in a set of symbols of 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 set 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 Toroc2 for the corresponding UE

processing capability [6, TS 38.214] assuming dy, =1 and u corresponds to the smallest SCS configuration

between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1_1 or DCI format 0_1
and the SCS configuration of the SRS, PUCCH, PUSCH or u,, where u. corresponds to the SCS configuration of
the PRACH if it is 15kHz or higher; otherwise =0
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- 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

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-
ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS
overlaps, even partially, with 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-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH,
PRACH, or SRS overlaps, even partially, with 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, and tdd-UL-
DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters
configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters
configuring reception by the UE in the set of symbols of the slot.

For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-
PositionsInBurst in SIB1 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-
ConfigurationDedicated, when provided to the UE.

For a set of symbols of a slot corresponding to a valid PRACH occasion and Noay symbols before the valid PRACH
occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, 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-ConfigurationDedicated.

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-ConfigurationDedicated.

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-ConfigurationDedicated, 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-ConfigurationDedicated, 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 clause 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.

The UE is also provided in one or more serving cells with a configuration for a search space set  and a corresponding
M(LSFI)
CORESET p for monitoring ~ »* PDCCH candidates for DCI format 2_0 with a CCE aggregation level of Lgn

(Lsgr) (Lsg)

CCEs as described in Clause 10.1. The = »* PDCCH candidates are the first ~ »* PDCCH candidates for CCE
aggregation level Lsn 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
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- 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 Hspr by subcarrierSpacing and, when a

supplementary UL carrier is configured for the serving cell, a reference SCS configuration Hsm,sur by

subcarrierSpacing?2 for the supplementary UL carrier

- for paired spectrum operation, a reference SCS configuration HsaoL for a DL BWP by subcarrierSpacing and a

reference SCS configuration Hs. 0L for an UL BWP by subcarrierSpacing?2

- alocation of a bitmap in DCI format 2_0, having a one-to-one mapping with a set of RB sets [6, TS 38.214] of
the serving cell, where a value of '0" indicates that an RB set is available for receptions and a value of '1'
indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI
format 2_0. The RB set remains available or unavailable until the end of the indicated channel occupancy
duration

- alocation and a length of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16,
that indicates a remaining channel occupancy duration for the serving cell starting from a slot where the UE
detects the DCI format 2_0 by providing a value from CO-DurationList-r16. If CO-DurationPerCell-r16 is not
provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot
where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats

- alocation of a search space set group switching field in DCI format 2_0, by SearchSpaceSwitchTrigger-r16, that
indicates a group from two groups of search space sets for PDCCH monitoring for scheduling on the serving cell
as described in Clause 10.4.

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

[ : |
max| ﬂlogz(maxSFImde X+ 1)U’1J bits where maxSFIindex 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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UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-
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Format

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

32
33
34
35
36

37

38
39
40

41

42

43

44
45

46

47

48

49

50
51

52
53
54
55
56 — 254

255

3GPP



Release 16 122 3GPP TS 38.213 V16.0.0 (2019-12)

For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrierSpacing a reference SCS
configuration Hs1 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 Hsr1 and for an active DL BWP or an active UL

BWP with SCS configuration it M ZHsa Each slot format in the combination of slot formats indicated by the

tspr)

SFI-index field value in DCI format 2_0 is applicable to 20! 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 Hsr1 and each

Usgr)

downlink or flexible or uplink symbol for the reference SCS configuration Hspr corresponds to 20" consecutive

downlink or flexible or uplink symbols for the SCS configuration u“

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of 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

Hsm,pL 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 Hsm, UL for the
combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of the

MSF[, DL ZA“SFI, UL h z(ﬂsyl,DL' Hsrun)

serving cell. If and for eac +1 values provided by a value of slotFormats, where the
value of slotFormats is determined by a value of slotFormatCombinationld in slotFormatCombination and the value of

2(/-‘sr|,DL - lispu)

slotFormatCombinationld is set by the value of the SFI-index field value in DCI format 2_0, the first
values for the combination of slot formats are applicable to the reference DL BWP and the next value is applicable to

Z(Hspl,UL - UsprpL)

+1 values provided by slotFormats, the first value

2(/“3}'1,UL - UsppL)

u <u
the reference UL BWP. If " S.DL " SFLUL and for each

for the combination of slot formats is applicable to the reference DL BWP and the next values are

applicable to the reference UL BWP.

The UE is provided a reference SCS configuration Hsm.pL 54 that for an active DL BWP with SCS configuration “pL |

>
itis “P. “HSMDL The UE is provided a reference SCS configuration 5% Ut so that for an active UL BWP with SCS

. UG sy e Mo ZHse oL s L .
configuration “UL | it is »“ . 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

. . . . . (UpL = HsppL) .
mapped to a value of slotFormats in slotFormatCombination, is applicable to 2 consecutive 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

Uspr, pL ot~ et 1)

flexible symbol for the reference SCS configuration corresponds to consecutive downlink or flexible

symbols for the SCS configuration oL Each slot format for the combination of slot formats for the reference UL BWP

2(.UUL' Hsr L)

is applicable to 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 for the reference SCS configuration Hse, e

2(.“111_ )

corresponds to consecutive uplink or flexible symbols for the SCS configuration Hov

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 Hsr1 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

subcarrierSpacing?2 a reference SCS configuration Hseisut gor the combination of slot formats indicated by the SFI-
. . . . (Mg~ Hspr, suL.)
index field value in DCI format 2_0 for the reference second UL carrier of the serving cell. For each 2 +1

. (#tspr= fprsur.) c . .
values of slotFormats, the first 2" """ values for the combination of slot formats are applicable to the reference first

UL carrier and the next value is applicable to the reference second UL carrier.

The UE expects to be provided a reference SCS configuration HsrsuL go that for an active UL BWP in the second UL

Usyy, =

>U
carrier with SCS configuration H SUL it is PSELSUL Each slot format for a combination of slot formats indicated
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Hsr)

by the SFI-index field in DCI format 2_0 for the reference first UL carrier is applicable to 20" 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 reference second UL

2(4uSUL_ AUSFI,SUL)

carrier is applicable to 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.

. . . ) Ly u=2 . Ug =0 Uy =1
If a BWP in the serving cell is configured with and with extended CP, the UE expects , ! , 0
Usp =2

)

r

. 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 “s¥1 | or Hse, DL or Hsa, oL ,or HspsuL s 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-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value
indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible.

For a set of symbols of a slot corresponding to SS/PBCH blocks with indexes indicated to a UE by ssb-
PositionsInBurst in SIB1, or by ssb-PositionsInBurst in ServingCellConfigCommon, 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.

N
For a set of symbols of a slot corresponding to a valid PRACH occasion and = #*? symbols before the valid PRACH
occasion, as described in Sublcause 8.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field
value indicating the set of symbols of the 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-
ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated 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_1 indicating 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

- 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-
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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 Clause 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 set 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 Throc for the

corresponding PUSCH processing capability [6, TS 38.214] assuming 2 =1 and u corresponds to the

smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0, DCI
format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or

where u, corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 1,=0

- the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols
and cancels the SRS transmission in remaining symbols from the subset of symbols.

A UE assumes that flexible 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-
ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-
ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot
format for the slot
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- 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, DCI format
2_3, or a RAR UL grant

- the UE receives PDCCH as described in Clause 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 and the UE is not provided EnableConfiguredUL-r16, 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 after PUSCH preparation

time Throc for the corresponding PUSCH timing capability [6, TS 38.214] assuming dy, =1 after a last
symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and u
corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or g, where i, corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher; otherwise =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 after the PUSCH

preparation time Tooc2 for the corresponding PUSCH timing capability [6, TS 38.214] assuming a5, =1 after

a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and u
corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or ., where i, corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher; otherwise £,=0

- 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 and the UE is provided EnableConfiguredUL-r16, the UE can transmit the SRS, or PUCCH,
or PUSCH, or PRACH, respectively.

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 Clause 12 and includes Binr PRBs.
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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
Nslot T

U
symb —INT 2

symbols prior to the first symbol of the CORESET in the slot where Tinr is the PDCCH
monitoring periodicity provided by the value of monitoringSlotPeriodicityAndOffset, as described in Clause 10.1,

slot
ymb s the number of symbols per slot, " is the SCS configuration for a serving cell with mapping to a respective

field in the DCI format 2_1, HiNt s 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 uplink by tdd-UL-DL-

lot wo-u
Nso TINT 2 INT

ConfigurationCommon are excluded from the last = ™ 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 Nixr

) ) Nslot T .2,“ - HiNt )
The UE does not expect to be provided values of H , Nt and Tinr resulting to a value of = m® "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 'set0', 14 bits from MSB 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 Niye = INiyr/14] 14 symbol

groups includes [N ixr/14] symbols, each of the last 14 - Ny +[Niyr/14] 14 symbol groups includes [Nine/14]
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.

If the value of timeFrequencySet is 'set1’, 7 pairs of bits from MSB of a field in the DCI format 2_1 have a one-to-one

mapping with 7 groups of consecutive symbols where each of the first Niwe = INie/70 7

7- NINT+HNINT/7H 7

symbol groups includes

[ Niwr/71 symbols, each of the last symbol groups includes INinr /71 symbols, a first bit in a

pair of bits for a symbol group is applicable to the subset of first [Buir/2] PRBs from the set of Dint PRBs, a second

bit in the pair of bits for the symbol group is applicable to the subset of last 1Binr/2] PRBs from the set of DINT 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.

11.2A Cancellation indication

If a UE is provided UplinkCancellation, the UE is provided a CI-RNTI by ci-RNTI for monitoring PDCCH candidates
for a DCI format 2_4 [5, TS 38.212]. UplinkCancellation additionally provides to the UE

- aset of serving cells, by ci-ConfigurationPerServingCell, that includes a set of serving cell indexes and a
corresponding set of locations for fields in DCI format 2_4 by positionInDCI

- anumber of fields in DCI format 2_4, by positionInDCI-forSUL, for each serving cell for a SUL carrier for a
SUL carrier, if the serving cell is configured with a SUL carrier

for SUL of a serving cell if the serving cell configured with SUL
- an information payload size for DCI format 2_4 by dci-PayloadSize-forCI
- an indication for time-frequency resources by timeFrequencyRegion

For a serving cell having an associated field in DCI format 2_4, for the field denote by

- N, anumber of bits provided by CI-PayloadSize
- B, anumber of PRBs provided by frequencyRegionforCI in timeFrequencyRegion

- T, anumber of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated
by tdd-UL-DL-ConfigurationCommon,provided by timeDurationforCI in timeFrequencyRegion
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- G, anumber of partitions for the T, symbols provided by timeGranularityforCI in
timeFrequencyRegion

G, sets of bits from the N, bits have a one-to-one mapping with G,  groups of symbols where each of
the first Ge— T+ Te/Ge /- Ge  groupsincludes [T /G ]  symbols and each of the remaining

T - TCI/ G Ik G, groups includes [ TCI/ GCI] symbols. A UE determines a symbol duration with
respect to a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.

For a group of symbols, Nz =N /G, bits from each set of bits have a one-to-one mapping with Ny,
groups of PRBs where each of the first Ng;— B+ Bey/ Ny /- Ny, groups includes [ B/ Ng;/  PRBs and
each of the remaining Bg—[ Bey/ Ng; /- Ny, groups includes [ Be/ Ng; ]  PRBs. A UE determines a first

RB
PRB index as  Nppg = O caier+ RBgo  and a number of contiguous RBsas ¢ from frequencyRegionforCI
I8

that indicates an offset RB,,,, andalength Lz asRIV according to [6, TS 38.214], and from offsetToCarrier

that indicates O, for a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format
2_4 detection.

An indication by a DCI format 2_4 for a serving cell is applicable to PUSCH or SRS transmissions on the serving cell.

For the serving cell, the UE determines the first symbol of the T'c;  symbols to be the first symbol that is after
Tlec,2 from the end of a PDCCH reception where the UE detects the DCI format 2_4. T’

the PUSCH processing capability 2 [6, TS 38.214] assuming  d 2= 0 with p being the smallest SCS

configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission
on the serving cell.

proc2  corresponds to

A UE that detects a DCI format 2_4 for a serving cell cancels a PUSCH transmission, or a repetition of a PUSCH
transmission [6, TS 38.214] if the PUSCH transmission is with repetitions, or an SRS transmission on the serving cell
if, respectively,

- agroup of symbols, from the T';; symbols, has a corresponding bit value of '1' in the DCI format 2_4 and
includes a symbol of the (repetition of the) PUSCH transmission or of the SRS transmission, and

- agroup of PRBs, fromthe B, PRBs, has a corresponding bit value of '1' in the DCI format 2_4 and
includes a PRB of the (repetition of the) PUSCH transmission or of the SRS transmission,

where

- the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of
the (repetition of the) PUSCH transmission that are in one or more groups of symbols having corresponding bit
values of '1' in the DCI format 2_4;

- the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having
corresponding bit values of '1' in the DCI format 2_4.

11.3  Group TPC commands for PUCCH/PUSCH

For PUCCH transmission on a serving cell, a UE can be provided

- aTPC-PUCCH-RNTI for a DCI format 2_2 by tpc-PUCCH-RNTI

5PUCCH, b,f,c

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to values as described in

Clause 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
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[n 4l
- 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 Clause 10.1.

For PUSCH transmission on a serving cell, a UE can be provided

- aTPC-PUSCH-RNTI for a DCI format 2_2 by tpc-PUSCH-RNTI

5PUSCH, b,f.c

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to values as described in Clause

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

- 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

[ A
- amapping for the PUSCH power control adjustment state €[ 0, , 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 anda corresponding CORESET p for monitoring PDCCH candidates for DCI format 2_2 with
CRC scrambled by a TPC-PUSCH-RNTI as described in Clause 10.1.

11.4 SRS switching

DCI format 2_3 is applicable for uplink carrier(s) of serving cells where a UE is not configured for PUSCH/PUCCH
transmission or for uplink carrier(s) of a serving cell where srs-PowerControlAdjustmentStates indicates a separate
power control adjustment state between SRS transmissions and PUSCH transmissions.

A UE configured by higher layers with parameter carrierSwitching is provided
- aTPC-SRS-RNTI for a DCI format 2_3 by tpc-SRS-RNTI

- an index of a serving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCellIndex

- an indication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more
other serving cells by srs-SwitchFromCarrier

- aDCI format 2_3 field configuration type by typeA or typeB

- for typeA, 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
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- 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 for a non-supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3

- an index for a location in DCI format 2_3 of a first bit for a field for a supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3SUL-v1530

12 Bandwidth part operation

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

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

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

A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the
serving cell 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 or by parameter initialDownlinkBWP with a set of parameters configured by BWP-
DownlinkCommon and BWP-DownlinkDedicated, and a set of at most four BWPs for transmissions by the UE (UL
BWP set) in an UL bandwidth by parameter BWP-Uplink or by parameter initialUplinkBWP with a set of parameters
configured by BWP-UplinkCommon and BWP-UplinkDedicated.

If a UE is not provided initialDownlinkBWP, an initial 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
Type0-PDCCH CSS set; otherwise, the initial DL BWP is provided by initialDownlinkBWP. For operation on the
primary cell or on a secondary cell, a UE is provided an initial UL BWP by initialUplinkBWP. If the UE is configured
with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by
initialUplinkBWP.

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

NSI.al‘K :O o+ RB . NSiZE =L
BWP " carrier sart and a number of contiguous RBs ~ BWP

RB and a length Ly as RIV according to [6, TS 38.214],

- acommon RB RB provided by

locationAndBandwidth that indicates an offset

Niz, =275

setting , and a value Ocarre 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-DownlinkCommon and BWP-
DownlinkDedicated for the DL BWP, or BWP-UplinkCommon and BWP-UplinkDedicated for the UL BWP [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
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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 Clause 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 Clause 13 and for
Tables 13-1 through 13-10, and determines corresponding PDCCH monitoring occasions as described in Clause 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 Clause 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

- 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 scheduled cell within FR1 (or FR2) in a slot other than the first slot of a set of slots for
the DL SCS of the scheduling 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 from the scheduled cell within FR1 (or FR2).
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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 DL
BWP.

If a UE is provided by bwp-InactivityTimer a timer value for the serving cell [11, TS 38.321] and the timer is running,
the UE decrements the timer at the end of a subframe for FR1 or at the end of a half subframe for FR2 if the restarting
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 within FR1 (or FR2) 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 within FR1 (or FR2),
the UE delays the active UL/DL BWP change triggered by the BWP inactivity timer expiration until a subframe for FR1
or half 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 within FR1 (or FR2).

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.

A UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a
bandwidth that is not within the active DL BWP for the UE.

13 UE procedure for monitoring TypeO-PDCCH CSS
sets

If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in
Clause 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 controlResourceSetZero in pdcch-ConfigSIB1, as described in Tables
13-1 through 13-10, for operation without shared spectrum channel access, or as described in Tables 13-1A and 13-4A
for operation with shared spectrum channel access, and determines PDCCH monitoring occasions from

searchSpaceZero in pdcch-ConfigSIB1, included in MIB, as described in Tables 13-11 through 13-15. SEN¢ and "¢ are

SEFN SSB, i nSSB, i

the SFN and slot index within a frame of the CORESET based on SCS of the CORESET and
the SFN and slot index based on SCS of the CORESET, respectively, where the SS/PBCH block with index ! overlaps

and are

. n ;
in time with system frame SFNsss,i and slot 5% The symbols of the CORESET associated with pdcch-ConfigSIB1
in MIB or with searchSpaceSIB1 in PDCCH-ConfigCommon have normal cyclic prefix.

For operation without shared spectrum channel access, a UE assumes that 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 Kssa is defined in
[4, TS 38.211].

For operation with shared spectrum channel access, a UE determines an offset from a smallest RB index of the
CORESET for Type0-PDCCH CSS set to a smallest RB index of the common RB overlapping with a first RB of the
corresponding SS/PBCH block

- according to the offset in Table 13-1A and Table 13-2A, if the frequency position of the SS/PBCH block
corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and

- according to a sum of a first offset and a second offset, where
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- the first offset is provided in Table 13-1A and Table 13-2A, and

- the second offset is determined as the difference from the frequency position of the SS/PBCH block provided
by ssbFrequency in a measurement configuration associated with a reporting configuration providing
reportCGI to the frequency position corresponding to the GSCN of a synchronization raster entry, where the
synchronization raster entry is located in the same channel as the SS/PBCH block used for the shared
spectrum channel access procedure, as described in [15, TS 37.213], if the frequency position of the
SS/PBCH block does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS
38.101-1]

where the offsets are defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set that is same as the
SCS of the corresponding SS/PBCH block.
For operation without shared spectrum channel access and 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 ™o For

. _ DK 4 frameu
SS/PBCH block with index !, the UE determines an index of slot Mo as Mo _(O 2"+ Mﬂ)mod N that is in a

— 24 4 framey
frame with system frame number (SFN) SEN¢ satisfying SEN¢ mod 2 =0 if H(O 2" +[i-M )/ N [ mod2 =0

slot , Or
By LN frameu
SFNCmodZ—l ¢ llo 2 wpi ml/niz ﬂmodz =1 M and O are provided by

Tables 13-11 and 1312, and “€ 0223/ based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211].

The index for the first symbol of the CORESET in slots M and "o *4 s the first symbol index provided by Tables 13-
11 and 13-12.

in a frame with SFN satisfying

For operation with shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, a
UE monitors PDCCH in the Type0-PDCCH CSS set over slots that include Type0-PDCCH monitoring occasions
associated with SS/PBCH blocks that are quasi co-located with the SS/PBCH block that provides a CORESET for
Type0-PDCCH CSS set with respect to average gain, QCL-TypeA, ,and’QCL-TypeD properties, when applicable [6, TS

38.214]. For a candidate SS/PBCH block index 1 ,where 0<i<L
slot N, include the associated Type0-PDCCH monitoring occasions. The UE determines an index of slot 1, as

ny= (O DM i-M ]) mod N™™™#  that is in a frame with system frame number (SFN) SFN . satisfying

slot

SFN.-mod2=0 if [(0-2“+[;"Mj)/meme’“jmodZ:() , or in a frame with SFN satisfying

slot

SFN_.mod2=1 if [(0-2“+[i’-Mj)/meme’“jmodZ:l. M and O are provided by Table 13-

slot

11,and pE {0, 1} based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the

first symbol of the CORESET inslots 1, and MNy+1 is the first symbol index provided by Table 13-11. The UE

does not expect to be configured with M =1/2 ,orwith M=2 ,when N SSCBL =

max— 1, two consecutive slots starting from

For the SS/PBCH block and CORESET multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0-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 Clause 5, and measurements for radio resource
management [10, TS 38.133] using a SS/PBCH block that provides a CORESET for Type0-PDCCH CSS set. For a

SS/PBCH block with index i , the UE determines the slot index Nc and SEN

13-13 through 13-15.

C based on parameters provided by Tables
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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

SSIPBCH block and CORESET Number of RBs | Number of Symbols

Index multiplexing pattern N GORESET N;?SJESET Offset (RBs)
0 1 24 2 0
1 1 24 2 2
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
5 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
11 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved

Table 13-1A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SSIPBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands operated with shared
spectrum channel access

SSIPBCH block and CORESET Number of RBs ”;‘y?,",f;.;"
izl multiplexing pattern NEERESET NCORESET RIS
symb
0 1 96 1 10
1 1 96 1 12
2 1 96 1 14
3 1 96 1 16
4 1 96 2 10
5 1 96 2 12
6 1 96 2 14
7 1 96 2 16
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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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
e multiplexing pattern N SORESET Ngon T 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

Table 13-3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

- SSIPBCH block and CORESET Number of RBs | Number of Symbols Offset (RB
ndex multiplexing pattern N gORESET NOwT =B {IRER

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
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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 N GORESET N S‘;?ﬂfSET Offset (RBs)

Index

[EEY
N

24
24
24
24
24
24
24
24
24
24
48
48
48
48
48
48

O |N[o|O|(~|W|IN[F|O
BIWIN[FR|O[A|W|N[F|O

NIRRT
N[N (NP |R R |w|w|w|w|wn oo

Table 13-4A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SSIPBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands operated with shared
spectrum channel access

Number of RBs Number of
Index SSIPBCH_bIoc_k and CORESET CORESET Symbols Offset (RBs)
multiplexing pattern Ngg NCORESET
symb
0 1 48 1 0
1 1 48 1 1
2 1 48 1 2
3 1 48 1 3
4 1 48 2 0
5 1 48 2 1
6 1 48 2 2
7 1 48 2 3
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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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 block and CORESET | Number of RBs N“mbercg:E:¥mb°'s Offset (RES)
multiplexing pattern N3g 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

SSIPBCH block and CORESET | Number of RBs | Number of Symbols
[ 23 multiplexing pattern NSORESET N Ot i)
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

3GPP



Release 16 137 3GPP TS 38.213 V16.0.0 (2019-12)

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

SSIPBCH block and CORESET Number of RBs Number of
Index multiplexing pattern NCORESET CORESET Offset (RBS)
RB Symbols = ¥
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
8 2 48 1 av it s =0
a2t Kss >0
9 2 48 1 49
10 2 96 1 ALt o =0
-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 {SSIPBCH block, PDCCH} SCS is {120, 120} kHz

Number of RBs Number of
Index = Pﬁ‘%ﬁis:g:;;ln:lat(:gl:ESET N CORESET CORESET Offset (RBs)
RB Symbols = %™
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
4 3 24 2 -20if Kssp =0
21if Kssn >0
5 3 24 2 24
6 3 48 2 -201f kSSB ’
21 if kssp >0
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/IPBCH block, PDCCH} SCS is {240, 60} kHz

SSIPBCH block and CORESET Number of RBs | Number of Symbols
multiplexing pattern NSORESET N;?ﬁESET Offset (RBs)
1 96 1 0
1 96 1
1 96 2 0
1 96 2
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Index

O |N[o|O|~|W|IN[(F|O

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

Number of RBs Number of
SSIPBCH block and CORESET Symbols
Index multiplexing pattern NSORESET N CORESET SEEHED))
symb
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
. ke, =0
} SSB
4 5 24 1 41 if L0
42 if SSB
5 2 24 1 25
=0
i 1'SSB
6 5 48 1 -41 if
>
-42 jf SSB 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 (@) b ETiTlEE @ searscl:gtspace sets per M First symbol index
0 0 1 1 0
. CORESET .
1 0 2 12 (,if L iseven}, {"'¥™ if | is odd}
2 2 1 1 0
. CORESET .
3 2 2 12 ,if iseven}, {"¥™ if | is odd}
Z 5 1 1 0
. CORESET .
o 5 2 12 (,if L iseven}, {"'¥™ if | is odd}
6 7 1 1 0
. CORESET .
7 7 2 12 0,if iseven), {"¥™ 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 O Number of Sea's‘l’:)‘fpace sets per M First symbol index

0 0 1 1 0

1 0 2 172 {0,if ! is even}, {7, if ! is odd}

2 2.5 1 1 0

3 2.5 2 1/2 {0,if ! is even}, {7,if ! is odd}

4 5 1 1 0

s = 2 1/2 {0,if ! is even}, {7,if ! is odd}
. CORESET .

6 0 2 V21 10if L iseven}, {"»™ it L is odd}
. CORESET .

7 25 2 V21 0if L iseveny, {"»™ if L isodd}
. CORESET .

8 5 2 172 (0,if L iseven}, {"¥™ if | is odd}

75 1 1 0

10 7.5 2 1/2 {0,if L is even}, {7, if ! is odd}
. CORESET .

11 75 2 V2| o0,if ! iseven), {"»™ | if ! is odd)

12 0 1 2 0

13 5 1 2 0

14 Reserved

15 Reserved
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Table 13-13: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/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 |;-|Fc’l)ex
0,1, 6,7 for
SEN . =SFN g ;
0 ' i=4k i=4k+1 i=4k+2
Ne =Nggp ; ! ' !
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/IPBCH block and
CORESET multiplexing pattern 2 and {SS/IPBCH block, PDCCH} SCS {240, 120} kHz

Index PDCCH monitoring occasions First symbol index
(SFN and slot number) (k=0,1,...,7)
i=8k i=8k+1 i=8k+2 i=8k+3
0,1,2,3,0,1in , , , ,
SEN =SFNg; i=8k+6 i=8k+7 MNc =Nssp;
0 n- =n n-. =n -1 ’ ( )
C SSB, i or C SSB, i
i=8k+4 i=8k+5 Nc =Nsp;-1
12,13in , ( )
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-15: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/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
4,8,2,6iIn
SFN. =SFN;
0 _ i=4k i=4k+1 i=4k+2
Ne =Nggp ; ' ' d
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 Type0O-PDCCH CSS set is not present, and

for 2 <ksgy <29 for FR1 or for 12 ks =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

NReference+ NOffset NReference
for an associated Type0-PDCCH CSS set as = 65N GSCN - ~"GseN s the GSCN of the first SS/PBCH block and

Offset

Nasen' is 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 Clause 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

Kss =31 for FR1 or for kSSB =15 for FR2, the UE determines that there is no SS/PBCH block having an associated
Reference _ Start Reference End Start End
Type0-PDCCH CSS set within a GSCN range [Nasex Ngsen> Nasen™ + Nosen] . Nesen and Neson are

respectively determined by controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1. If the GSCN range is

Reference Reference
[Nosew ™ Nosen ) , 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 Clause
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.

3GPP



Release 16 142 3GPP TS 38.213 V16.0.0 (2019-12)

Table 13-16: Mapping between the combination of Kssn and controlResourceSetZero and
Offset

searchSpaceZero in pdcch-ConfigSIB1 to Nesen for FR1

Kesn 16%controlResourceSetZero [ Offset
+searchSpaceZero Gy

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

Ksse and controlResourceSetZero and

Offset

searchSpaceZero in pdcch-ConfigSIB1 to Nasen for FR2

Table 13-17: Mapping between the combination of

k 16%controlResourceSetZero N Offset
SSB +searchSpaceZero GSCN
12 0,1,...,255 1,2, ...,256
13 0,1,...,255 -1,-2, ..., -256
14 0,1,...,255 Reserved, Reserved, ..., Reserved

14 Integrated access-backhaul operation

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4 through 13 are
equally applicable to the IAB-node MT of an IAB node.

A procedure for an TAB-node MT to perform cell search, system information acquisition, or random access procedure is
same as a corresponding one for a UE except for the following.

For initial cell selection, an IAB-node MT may assume that half frames with SS/PBCH blocks occur with a periodicity
of 16 frames.

For PRACH transmission, an IAB-node MT determines frames and subframes within the frames containing PRACH
occasions as described in [4, TS 38.211].

The IAB-node MT determines an association period for mapping SS/PBCH blocks to PRACH occasions based on a
PRACH configuration period as described in Clause 8.1 and according to Table 14.1 instead of Table 8.1-1. 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 640 msec. A PRACH occasion in a PRACH slot is valid
according to the conditions in Clause 8.1.
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Table 14.1: Mapping between PRACH configuration period and SS/IPBCH block to PRACH occasion
association period for an IAB-node MT

PRACH configuration period (msec) feseE Period_ (numb_er of PRACH
configuration periods)
10 {1, 2, 4, 8,16, 32, 64}
20 {1, 2,4, 8,16, 32}
40 {1, 2, 4,8, 16}
80 {1,2,4,8}
160 {1, 2, 4}
320 {1, 2}
640 {1}

If an IAB-node is provided a value T4, from a serving cell, the IAB-node may assume that
N +N TA,Offset)‘ T /2+T,,., isa time difference between a DU transmission of a signal from the serving cell
‘T J2+T;,,>0 , where Ny, and

Nopoftser  are obtained as for a "UE" in Clause 4.2. The IAB-node may use the time difference to determine a DU
transmission time.

and a reception of the signal by the IAB-node MT when [Ny, +N TA offset

A slot format for an IAB-node DU or an IAB-node MT includes downlink symbols, uplink symbols, and flexible
symbols.

For each serving cell of an IAB-node DU, the IAB-node DU can be provided an indication for a slot format over a
number of slots by IAB-DU-Resource-Configuration. For each serving cell, an IAB-node MT can be provided an
indication for a slot format over a number of slots by tdd-UL-DL-ConfigDedicated-IAB-MT. If the IAB-node MT is
provided tdd-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigDedicated-IAB-MT overrides only
flexible symbols over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.

The tdd-UL-DL-ConfigDedicated-IAB-MT provides
- aset of slot configurations by slotSpecificConfigurationsToAddModList-IAB-MT
- 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.

- if symbols = explicit-IAB-MT, nrofUplinkSymbols provides a number of uplink first symbols in the slot and
nrofDownlinkSymbols provides a number of downlink last symbols in the slot. If nrofUplinkSymbols is not
provided, there are no uplink first symbols in the slot and if nrofDownlinkSymbols is not provided, there are
no downlink last symbols in the slot. The remaining symbols in the slot are flexible.

For each slot having a corresponding index provided by slotIndex, the IAB-MT applies a format provided by a
corresponding symbols.

An IAB-node MT can be provided, by SlotFormatCombinationsPerCell-IAB-MT, a list of slot format combinations
applicable for one serving cell and, by SlotFormatIndicator-IAB-MT, a configuration for monitor a DCI format 2_0
indicating a slot format combination, from the list of slot format combinations, over a number of slots as described in
Clause 11.1.1. In addition to the slot formats in Table 11.1.1-1, an SFI field for an IAB-node MT in DCI format 2_0 can
indicate to the IAB-node MT a slot format from the slot formats in Table 14-1.
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Table 14-1: Slot formats for normal cyclic prefix

Slot Symbol number in a slot
Format 0 1 2 3 4 5 6 7 8 9 10 11 12 13
56 U U U U U U U U U U U U U F
57 U U U U U U U U U U U U F F
58 U U U U U U U U U U U F F F
59 U U U U U U U U U U F F F F
60 U U U U U U U U U F F F F F
61 U U U U U U U U F F F F F F
62 U U U U U U U F F F F F F F
63 U U U U U U F F F F F F F F
64 U U U U U F F F F F F F F F
65 U U U U F F F F F F F F F F
66 U U U F F F F F F F F F F F
67 U U F F F F F F F F F F F F
68 U F F F F F F F F F F F F F
69 U F F F F F F F F F F F F D
70 U U F F F F F F F F F F F D
71 U U U F F F F F F F F F F D
72 U F F F F F F F F F F F D D
73 U U F F F F F F F F F F D D
74 U U U F F F F F F F F F D D
75 U F F F F F F F F F F D D D
76 U U F F F F F F F F F D D D
77 U U U F F F F F F F F D D D
78 U U U U U U U U U U U U F D
79 U U U U U U U U U U U F F D
80 U U U U U U U U U U F F F D
81 U U U U U U U U U U U F D D
82 U U U U U U U U U U F F D D
83 U U U U U U U U U F F F D D
84 U F D D D D D D D D D D D D
85 U U F D D D D D D D D D D D
86 U U U F D D D D D D D D D D
87 U F F D D D D D D D D D D D
88 U U F F D D D D D D D D D D
89 U U U F F D D D D D D D D D
90 U F F F D D D D D D D D D D
91 U U F F F D D D D D D D D D
92 U U U F F F D D D D D D D D
93 U U U U U U U U U F F F F D
94 U U U U U U F F F F F F D D
95 U U U U U U F F D D D D D D
96 U U U U U U U D D D D D D D

For a serving cell of an IAB-node MT, the IAB-node MT can be provided by guard-SymbolsProvided a number of
symbols that will not be used for the IAB-node MT in slots where the IAB-node transitions between IAB-node MT and
IAB-node DU. A SCS configuration for the number of symbols is provided by guardSymbol-SCS.

With reference to slots of an IAB-node DU serving cell, a symbol in a slot of an IAB-node DU serving cell can be
configured to be of hard, soft, or unavailable type. When a downlink, uplink, or flexible symbol is configured as hard,
the TAB-node DU serving cell can respectively transmit, receive, or either transmit or receive in the symbol.

When a downlink, uplink, or flexible symbol is configured as soft, the IAB-node DU can respectively transmit, receive
or either transmit or receive in the symbol only if

- for the IAB-node MT, ability to transmit or receive by the IAB-node DU in the soft symbol is equivalent to a
configuration of the soft symbol as unavailable, or
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- the IAB-node DU detects a DCI format 2_5 with an Al index field value indicating the soft symbol as available
for transmission or reception

When a symbol is configured as unavailable, the IAB-node DU neither transmits nor receives in the symbol.

A symbol of a slot is equivalent to being configured as hard if an IAB-node DU would either transmit a SS/PBCH block
or a periodic CSI-RS in the symbol of the slot, or would receive a PRACH or a SR in the symbol of the slot.

If an IAB-node is provided an AvailabilityIndicator, the IAB-node is provided an AI-RNTI by ai-RNTI and a payload
size of a DCI format 2_5 by dci-PayloadSize-Al. The IAB-node is also provided a search space set configuration, by
SearchSpace-IAB, for monitoring PDCCH.

For each serving cell of an IAB-node DU in a set of serving cells of the [AB-node DU, the IAB-node DU can be
provided:

- an identity of the IAB-node DU serving cell by iabDuCellld-Al
- alocation of an availability indicator (AI) index field in DCI format 2_5 by positionInDCI-AI

- aset of availability combinations by availabilityCombinations, where each availability combination in the set of
availability combinations includes

- resourceAvailability indicating availability of soft symbols in one or more slots for the IAB-node DU serving
cell, and

- amapping for the soft symbol availability combinations provided by AvailabilityCombination to a
corresponding Al index field value in DCI format 2_5 provided by availabilityCombinationld

An Al index field value in a DCI format 2_5 indicates to an [AB-node DU a soft symbol availability in each slot for a
number of slots for each DL BWP or each UL BWP starting from a slot where the IAB-node detects the DCI format
2_5. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_5 as provided by

[ . |
SearchSpace-IAB. The Al index field includes max| HlOgZ(HBXAIdeX * 1)H’L bits where maxAlindex is the maximum

of the values provided by corresponding availabilityCombinationld. An availability for a soft symbol in a slot is
identified by a corresponding value resourceAvailability as provided in Table 14.2.

Table 14.2: Mapping between values of resourceAvailability elements and types of soft symbol availability
in a slot

Value Indication
No soft symbols are indicated available
Only DL soft symbols are indicated available
Only UL soft symbols are indicated available
Only DL and UL soft symbols are indicated available
Only Flexible soft symbols are indicated available

Only DL and Flexible soft symbols are indicated available
Only UL and Flexible soft symbols are indicated available
DL, UL, and Flexible soft symbols are indicated available

~N|O|O|R|WIN|FL|O

If a PDCCH monitoring periodicity for DCI format 2_5 is smaller than a duration of an availability combination of soft
symbols over a number of slots that the UE obtains at a PDCCH monitoring occasion for DCI format 2_5 by a
corresponding Al index field value, and the UE detects more than one DCI formats 2_5 indicating an availability
combination of soft symbols in a slot, the UE expects that each of the more than one DCI formats 2_5 indicates a same
value for the availability combination of the soft symbols in the slot.

15 Dual active protocol stack based handover

If a UE indicates a capability for dual active protocol stack based handover (DAPS HO), the UE can be provided with a
source MCG and a target MCG.

If a UE is configured with an MCG and a SCG using NR radio access in FR1 and/or in FR2, the UE is configured a
maximum power P, for transmissions on the MCG by p-DAPS-FRI and/or by p-DAPS-FR2 and a maximum

power Py for transmissions on the SCG by p-DAPS-FRI and/or by p-DAPS-FR2 and with an inter-CG power
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sharing mode by UplinkPowerSharingDAPS-HO-mode for FR1 and/or by UplinkPowerSharingDAPS-HO-mode for
FR2. The UE determines a transmission power on the MCG and a transmission power on the SCG per frequency range.

If the UE indicates UplinkPowerSharingDAPS-HO = Semistatic-model and is provided UplinkPowerSharingDAPS-
HO-mode = Semi-static-model, the UE determines a transmission power for the target MCG or for the source MCG as
described in Clause 7.6.2 for UplinkPowerSharingDAPS-HO = Semi-static-model by considering the target MCG as
the MCG and the source MCG as the SCG.

If the UE indicates UplinkPowerSharingDAPS-HO = Semistatic-mode2 and is provided UplinkPowerSharingDAPS-
HO-mode = Semi-static-mode2, the UE determines a transmission power for the target MCG or for the source SCG as
described in Clause 7.6.2 for UplinkPowerSharingDAPS-HO = Semi-static-mode2 by considering the target MCG as
the MCG and the source MCG as the SCG.

If the UE indicates UplinkPowerSharingDAPS-HO = Dynamic and is provided UplinkPowerSharingDAPS-HO-mode =
Dynamic, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause
7.6.2 for UplinkPowerSharingDAPS-HO = Dynamic by considering the target MCG as the MCG and the source MCG
as the SCG.

If
- the UE does not provide UplinkPowerSharingDAPS-HO, and
- UE transmissions on the target cell and the source cell overlap
the UE transmits only on the target cell
UE transmissions on the target cell and the source cell overlap if they are in

- overlapping time resources if the carrier frequencies for the target MCG and the source MCG are intra-frequency
and intra-band

- overlapping time resources and overlapping frequency resources if the carrier frequencies for the target MCG
and the source MCG are not intra-frequency and intra-band

For intra-frequency DAPS HO operation, the UE expects that an active DL BWP and an active UL BWP on the target
cell are within an active DL BWP and an active UL BWP on the source cell, respectively.

The UE can provide pdcch-BlindDetectionMCG1-UE to indicate a capability to monitor a maximum number of
PDCCH candidates per slot that corresponds to = N9 downlink cells for the target MCG and pdcch-

cells
BlindDetectionMCG2-UE to indicate a capability monitor a maximum number of PDCCH candidates per slot that

corresponds to  Nio-©  downlink cells for the source MCG. If the UE is provided search space sets on both the

target MCG and the source MCG, the UE does not expect to have in any slot any USS set without allocated PDCCH
candidates for monitoring on both the target MCG and the source MCG.

16 UE procedures for sidelink

A UE is provided by locationAndBandwidth-SL a BWP for SL transmissions (SL BWP) with numerology and resource
grid determined as described in [4, TS38.211]. For a resource pool within the SL BWP, the UE is provided by
numSubchannel a number of sub-channels where each sub-channel includes a number of contiguous RBs provided by
subchannelsize. The first RB of the first sub-channel in the S BWP is indicated by startRB-Subchannel. Available slots
for a resource pool are provided by timeresourcepool and occur with a periodicity provided by 'periodResourcePool'.
For an available slot without S-SS/PBCH blocks, SL transmissions can start from a first symbol indicated by
startSLsymbols and be within a number of consecutive symbols indicated by lengthSLsymbols. For an available slot
with S-SS/PSBCH blocks, the first symbol and the number of consecutive symbols is predetermined.

The UE expects to use a same numerology in the SL BWP and in an active UL BWP in a same carrier of a same cell. If
the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated.

A UE transmitting using a Mode-1 grant uses the corresponding fields in SCI to reserve the next resource(s) allocated
by the same grant.

A priority of a PSSCH according to NR radio access or according to E-UTRA radio access is indicated by a priority
field in a respective scheduling SCI format. A priority of a PSSS/SSSS/PSBCH according to E-UTRA radio access is
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provided by LTESidelinkSSBPriority. A priority of an S-SS/PBCH block is provided by NRSidelinkSSBPriority. A
priority of a PSFCH is same as the priority of a corresponding PSSCH.

16.1  Synchronization procedures

A UE receives the following SL synchronization signals in order to perform synchronization procedures based on S-
SS/PSBCH blocks: SL primary synchronization signals (S-PSS) and SL secondary synchronization signals (S-SSS) [4,
TS 38.211].

A UE assumes that reception occasions of a physical sidelink broadcast channel (PSBCH), S-PSS, and S-SSS are in
consecutive symbols [4, TS 38.211] and form a S-SS/PSBCH block.

For reception of a S-SS/PSBCH block, a UE assumes a frequency location corresponding to the subcarrier with index
66 in the S-SS/PSBCH block [4, TS 38.211], is provided by absoluteFrequencySSB-SL. The UE assumes that S-PSS, S-
SSS, PSBCH DM-RS, and PSBCH data have same EPRE. The UE assumes a same numerology of the S-SS/PSBCH as
for a SL BWP of the S-SS/PSBCH block reception, and that a bandwidth of the S-SS/PSBCH is within a bandwidth of
the SL BWP. The UE assumes the subcarrier with index 0 in the S-SS/PBCH block is aligned with a
subcarrier with index 0 in the SL BWP.

A UE is provided, by numSSBwithinPeriod-SL, a number [N i;isjf of S-SS/PSBCH blocks in a period of 16 frames.

The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE

determines indexes of slots that include S-SS/PSBCH block as N if;sfts Pt N tis_gsn » where

- index 0 corresponds to a first slot in a frame with SFN satisfying (SFN mod 16)=0

- Ig_gsp isa S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with

. S—SSB
0<ig_gop< Nperiod —1

- N ﬁf;sff " is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by
timeOffsetSSB-SL
N> 3585 a slot interval between S-SS/PSBCH blocks, provided by timelntervalSSB-SL

interval

If a UE would transmit or receive an S-SS/PSBCH block or, for E-UTRA radio access, sidelink synchronization signals,
and the transmission or reception would overlap in time with other transmissions and/or receptions on the sidelink, the
UE transmits or receives the signal/channel with the higher priority.

16.2 Power control

A UE transmits a PSSCH, or a PSCCH, or a PSFCH with a same non-zero power in all corresponding symbols.
16.2.1 PSSCH

A UE determines a power PPSSCH’b,C(i) for a PSSCH transmission on a resource pool in PSSCH transmission
occasion 1 as

PPSSCH(i):min(PCMAX’PMAX,CBR’min(PPSSCH,D(i)’PPSSCH,5L<i))) [dBm]

where

Pyax s defined in [8-1, TS 38.101-1]

- Py, ax,cer is determined by a value of maximumtransmitPower-SL based on a priority level of the PSSCH
transmission and a CBR range that includes a CBR measured in slot i—N [6, TS 38.214]; if
maximumtransmitPower-SL is not provided, P\, AX,CBR =0 - if p0-DL-PSCCHPSSCH is provided

- Ppssenn(i)=Pg p+10log,o[2" - Mie™ i)+,  PL, [dBm]

- elseif p0-SL-PSCCHPSSCH is provided
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- PPSSCH,D(i>:min(PCMAX’PMAX,CBR’PPSSCH,SL(i)) [dBm]
- else
- PPSSCH,D(i):min(PCMAX’PMAX,CBR [dBm]
where
- P o,p isavalue of p0-DL-PSCCHPSSCH if provided
- O, isavalue of alpha-DL-PSCCHPSSCH, if provided; else, a,=1

- PL,=P Lb,fyc(qd) as described in Clause 7.1.1

- M [P{%SCH(I') is a number of resource blocks for the PSSCH transmission occasion [ and p isa
SCS configuration

- if p0-SL-PSCCHPSSCH and alpha-SL-PSCCHPSSCH are provided
- PPSSCH,SL(i):PO,SL+1010g10 (ZF ) ME%SCH“))"' s, - PLg [dBm]
- else
- PPSSCH(i):min(PCMAX’PPSSCH,D(i)) [dBm]
where
- Po, g is avalue of p0-SL-PSCCHPSSCH, if provided
- Qg s a value of alpha-SL-PSCCHPSSCH, if provided; else, Qg =1
- PL =referenceSignalPower — higher layer filtered RSRP , where

- referenceSignalPower is ..., and

- higher layer filtered RSRP is a RSRP, as defined in [7, TS 38.215], that is reported to the UE
from a UE receiving the PSCCH-PSSCH transmission and is obtained from a PSSCH DM-RS using a
filter configuration provided by filterCoefficient-SL

- M E%SCH(l ) is a number of resource blocks for PSCCH-PSSCH transmission occasion [ and

U is a SCS configuration

16.2.2 PSCCH

TBD

16.2.3 PSFCH

A UE determines a power  Ppgpcy (i ) for a PSFCH transmission on a resource pool in PSFCH transmission
occasion 1 as

PPSFCH(i>:min(PCMAX’PO,PSFCH+1OlOg10(2u)+aPFSCH *PL| [dBm]
where
- Piyax s defined in [8-1, TS 38.101-1]

- Py psecy s a value of p0-DL-PSFCH if provided; else, Ppspcy (i )2 Pyviax
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- Oppgcy s avalue of alpha-DL-PSFCH, if provided; else, O prgcy =1

-  PL=PL,;, (qq) as described in Clause 7.1.1

16.2.4  Prioritization of transmissions/receptions

16.2.4.1 Simultaneous NR and E-UTRA transmission/reception
If a UE

- would transmit a first channel/signal using E-UTRA radio access and a second channel/signal using NR radio
access, and

- atransmission of the first channel/signal would overlap in time with a transmission of the second channel/signal,
and

- the priorities of the two channels/signals are known to the UE T  msec prior to the start of the earlier of the
two transmissions

the UE transmits only the channel/signal with the higher priority as determined by the SCI formats scheduling the
transmissions or, in case of a S-SS/PSBCH block or a sidelink synchronization signal using E-UTRA radio access, as
indicated by higher layers.If a UE

- would respectively transmit or receive a first channel/signal using E-UTRA radio access and receive or transmit
a second channel/signal using NR radio access, and

- atransmission or reception of the first channel/signal would respectively overlap in time with a reception or
transmission of the second channel/signal, and

- the priorities of the two channels/signals are known to the UE T msec prior to the start of the later
transmission or reception

the UE transmits or receives only the channel/signal with the higher priority as determined by the SCI formats
scheduling the transmissions or, in case of a S-SS/PSBCH block or a sidelink synchronization signal using E-UTRA
radio access, as indicated by higher layers.

16.2.4.2 Simultaneous PSFCH transmission/reception
If a UE
- would transmit a first PSFCH and receive a second PSFCH, and
- atransmission of the first PSFCH would overlap in time with a reception of the second PSFCH

the UE transmits or receives only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a
second SCI format 0_1 [5, TS 38.212] that are respectively associated with the first PSFCH and the second PSFCH.

If a UE
- would transmit a first PSFCH to a first UE and a second PSFCH to a second UE, and
- atransmission of the first PSFCH would overlap in time with a transmission of the second PSFCH

the transmits only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI format
0_1[5, TS 38.212] that are respectively associated the first PSFCH and the second PSFCH.

If a UE
- would transmit a first PSFCH and a second PSFCH to another UE, and
- atransmission of the first PSFCH would overlap in time with a transmission of the second PSFCH

the UE transmits only the PSFCH with the higher priority as determined by a first SCI format 0_1 and a second SCI
format 0_1 that are respectively associated the first PSFCH and the second PSFCH.
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16.2.4.3 Simultaneous SL and UL transmissions
If a UE
- would simultaneously transmit on the UL and on the SL of a serving cell, and
- the UE is not capable of simultaneous transmissions on the UL and on the SL of the serving cell
the UE transmits only on the link, UL or SL, with the higher priority.
If a UE

- would transmit on the UL and on the SL of two respective carriers of a serving cell, or of two respective serving
cells,

- the transmission on the UL would overlap with the transmission on the SL over a time period, and
- the total UE transmission power over the time period would exceed Py ax

the UE

- reduces the power for the UL transmission prior to the start of the UL transmission, if the SL transmission has
higher priority than the UL transmission, so that the total UE transmission power would not exceed  Pyax

- reduces the power for the SL transmission prior to the start of the SL transmission, if the UL transmission has
higher priority than the SL transmission, so that the total UE transmission power would not exceed ~Pyax

16.3  UE procedure for reporting HARQ-ACK on sidelink

A UE can be indicated by an SCI format scheduling a PSSCH, in one or more sub-channels from a number of
N ffbsc(}:lH sub-channels, to transmit a PSFCH with HARQ-ACK information in response to the PSSCH reception.
The UE provides HARQ-ACK information that includes ACK or NACK, or only NACK.

A UE can be provided, by periodPSFCHresource, a number of slots in a resource pool for a period of PSFCH
transmission occasion resources. If the number is zero, PSFCH transmissions in the resource pool are disabled.

A UE may be indicated by higher layers to not transmit a PSFCH in response to a PSSCH reception [11, TS 38.321].

If a UE receives a PSSCH in a resource pool and a ZYX field in a SCI format 02 scheduling the PSSCH reception
indicates to the UE to report HARQ-ACK information for the PSSCH reception [5, TS 38.212], the UE provides the
HARQ-ACK information in a PSFCH transmission in the resource pool. The UE transmits the PSFCH in a first slot that
includes PSFCH resources and is at least a number of slots, provided by MinTimeGapPSFCH, of the resource pool after
a last slot of the PSSCH reception.

A UE is provided, by rbSetPSFCH, a set of M gil;??et PRBs in a resource pool for PSFCH transmission in a PRB of

the resource pool. For a number of N, sub-channels for the resource pool, provided by numSubchannel, and a

number of N Egggﬂ PSSCH slots associated with a PSFCH slot, provided by periodPSFCHresource, the UE
. . ArPSFCH PSFCH . . ~rPSFCH PSFCH PSFCH
allocates the [( i+ ] Npsscu) Mgbcn, sior»| 11+ - N PSSCH) "M iben, st~ 1] PRBs from the M ppp s

. . PSFCH PSFCH PSFCH . _ 7 PSECH
PRBstoslot i andsub-channel j ,where Mgy g0 =Mpgg, Set/( Noben® NPSSCH) , 0<i<Npssch >

0<j<Ngpa and the allocation starts in an ascending order of i and continues in an ascending order of ~ j

A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH

PSFCH PSFCH _ 5 ,PSFCH
=N M

. PSFCH PSFCH . C .
transmission as  Rppp cs= type subeh. siot " N s where N g is a number of cyclic shift pairs for

the resource pool and, based on an indication by higher layers,

PSFCH PSFCH .
N =1 andthe M, 4o PRBs areinone sub-channel

type
PSFCH __ £rPSSCH PSSCH | 5 rPSFCH :
- Nype =Ngpan andthe Ny Mpen o are located in one or more sub-channels from the

PSSCH
Nbe,  sub-channels
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The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211].
The PSFCH resources are first indexed according to an ascending order of the PRB index, from the

N fyiECH M EquFciHslot PRBs, and then according to an ascending order of the cyclic shift pair index from the

NeF cyclic shift pairs.

A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, using a
sequence associated with the resource pool [4, TS 38.211], as ( Py+M ID) mod Rﬁiﬁf‘és where P, isa
physical layer source ID provided by SCI format 0-2 [5, TS 38.212] scheduling the PSSCH reception, M, is zero

or M, is the identity of the UE receiving the PSSCH as indicated by higher layers.

A UE determinesa M value, for computing a value of cyclic shift o [4, TS 38.211], from a cyclic shift pair of
a PSFCH resource as in Table 16.6-1.

Table 16.6-1: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of
a sequence for a PSFCH transmission

HARQ-ACK Value 0 (NACK) 1 (ACK)
Sequence cyclic shift | First cyclic shift | Second cyclic shift

16.4  UE procedure for transmitting PSCCH

A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol
that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by
frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.

16.5 UE procedure for reporting HARQ-ACK on uplink

A UE can be provided PUCCH resources [12, TS 38.331] to report HARQ-ACK information to a serving gNB that the
UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of
PSFCH receptions.

For SL configured grant Type 1 or Type 2 PSSCH receptions by a UE within a time period provided by periodSICG, the
UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a PUCCH
transmission occasion that is after a last time resource, in a set of time resources.

For each PSFCH reception occasion, from a number of PSFCH reception occasions that the UE generates HARQ-ACK
information to report to the gNB in a PUCCH or PUSCH transmission, the UE can be indicated by higher layers to
perform one of the following and the UE constructs a HARQ-ACK codeword with HARQ-ACK information, when
applicable.

- generate HARQ-ACK information with same value as a value of HARQ-ACK information the UE determines
from a PSFCH reception in the PSFCH reception occasion and, if the UE determines that a PSFCH is not
received at the PSFCH reception occasion, generate NACK

- generate ACK when the UE determines ACK from each PSFCH reception for the number of PSFCH reception
occasions; otherwise, generate NACK if the UE determines absence of PSFCH reception or determines a NACK
value from a PSFCH reception at a corresponding PSFCH reception occasion

- generate ACK when the UE determines absence of PSFCH reception for each PSFCH reception occasion from
the number of PSFCH reception occasions; otherwise, generate NACK

With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending inslot n ,
the UE provides the generated HARQ-ACK information in a PUCCH transmission within slot n+k , subject to the
overlapping conditions in Clause 9.2.5, where k  is a number of slots indicated by a PSFCH-to-HARQ_feedback
timing indicator field, if present, in a DCI format indicating a slot for PUCCH transmission to report the HARQ-ACK
information, or Kk is provided by sI-ACKToUL-ACK. k=0 corresponds to a last slot for a PUCCH transmission
that would overlap with the last PSFCH reception occasion.
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For a PSSCH reception by a UE that is scheduled by a DCI format, or for a SL configured grant Type 2 PSCCH
reception activated by a DCI format, the DCI format can indicate to the UE that a PUCCH resource is not provided. For
a SL configured grant Type 1 PSSCH reception, a PUCCH resource can be provided PUCCH-SL-Config. If a PUCCH
resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from PSFCH
reception occasions.
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2019-12 |RAN#86 RP-193131 |0077 | 1 |B Introduction of NR-DC in same Frequency Range and of 16.0.0
Cross-carrier Scheduling with Different Numerologies
2019-12 |RAN#86 RP-193132 (0078 1 |B Introduction of multiple LTE CRS rate matching patterns 16.0.0
2019-12 [RAN#86 RP-193124 |0079 [ 1 |B Introduction of V2X in NR 16.0.0
2019-12 [RAN#86 RP-193129 |0080 | 1 |B Introduction of positioning support in NR 16.0.0
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2019-12 |RAN#86 RP-193223 |0081 | 2 |B Introduction of mobility enhancements in NR 16.0.0
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