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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.

3.2 Symbols

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

3GPP
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3.3

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

Abbreviations

BPRE Bits per resource element

BWP Bandwidth part

CB Code block

CBG Code block group

CBR Channel busy ratio

CCE Control channel element
CORESET Control resource set

CP Cyclic prefix

CRC Cyclic redundancy check

Csl 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 Quiasi 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

SCS Subcarrier spacing

SFCI Sidelink feedback control information
SFN System frame number

SL Sidelink

3GPP
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SLIV
SPS
SR
SRI
SRS
SSS
TA
TAG
TCI
UCl
UE
UL
UL-SCH
uUsS

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-RNTI.

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

- Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of {2,8}+14-n.

- 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=0,1,2,3.

- 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 {4, 8,16, 20}+ 28 -n . For

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

- Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {2,8}+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

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

- 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 {4, 8,16, 20}+28n.
For carrier frequencies within FR2, n = 0,1, 2,3,5,6,7,8,10,11,12,13,15,16,17, 18.

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

From the above cases, if the SCS of SS/PBCH blocks is not provided by sshSubcarrierSpacing, 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 sshSubcarrierSpacing,
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

3GPP
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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 L,,,, — 1, where
- for operation without shared spectrum channel access, Lygy = Lmax» @d Lygy is @s described in [9, TS 38.104]

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

FOr Lyqx = 4, a UE 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 L4, > 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
a;.7 as described in [5, TS 38.212]

- for L, = 20, the UE determines the 2 MSB bits of the candidate SS/PBCH block index from PBCH payload
bits a4, @44~ as described in [5, TS 38.212]

- for L, = 64, the UE determines the 3 MSB bits of the candidate SS/PBCH block index from PBCH payload
bits a;,5, @446, 447 @S 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 ssh-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
respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if a value of
(NBECH s mod No') is same among the SS/PBCH blocks. N5 is an index of a DM-RS sequence transmitted in a
PBCH of a corresponding SS/PBCH block, and NSQS%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. sshSubcarrierSpacingCommon 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
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blocks on a serving cell is not larger than NSQS‘,‘;L. The UE can determine an SS/PBCH block index according to
(NpEcH s mod N&2), or according to (T mod N, ) where T is the candidate SS/PBCH block index.

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

ssb-SubcarrierOffset] to N?SC,;

subCarrierSpacingCommon | [spare or LSB of ssb-SubcarrierOffset] NE
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
described in Clause 13, is present if kez <23 [4, TS 38.211] for FR1 or if kg <11 for FR2. The UE determines from

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

For a serving cell without transmission of 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, .. Of atiming 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+aome 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 N applies to

TA, offset
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, .. thatthe 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.

For a SCS of 2#-15 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to
the current uplink timing for the TAG in multiples of 16- 64-TC/2” . The start timing of the random access preamble is
described in [4, TS 38.211].

In case of random access response, a timing advance command [11, TS 38.321], T, , for a TAG indicates N, values
by index values of T, =0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of 2 -15 kHz
is Nyy =T, -16-64/2“. N, 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.

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

value, Ny, .4, tothe new N, value, N, ., , by index values of T, =0, 1, 2,..,, 63, where for a SCS of 2“-15 kHz,

NTAfnew = NTAiold + (TA _31)16 ’ 64/2# .
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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 N, .., Vvalue 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 N, 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 N 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

the beginning of uplink slot n+k +1 where k = (Nj,“j{fm"’-(NTyl +Niy + Nog +0.5)/Tsf-‘ , N1, isatime duration in

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

provided by a TA command field of 12 bits, NS®me# js the number of slots per subframe, and T, is the subframe

slot
duration of 1 msec. N, and N, are determined with respect to the minimum SCS among the SCSs of all configured UL
BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers. For
1 =0, the UE assumes N,, =14 [6, TS 38.214]. Slot N and N:>™"* are determined with respect to the minimum

o)

SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG. Ny, ., 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 N is 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 Ty, is defined in [4, TS 38.211].

TA, max

If a UE changes an active UL BWP between a time of a timing advance command reception and a time of applying a
corresponding 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 N,, accordingly.

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

4.3 Timing for secondary cell activation / deactivation

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

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

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

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

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

The value of K is k, +3- NSofme# 1 where k, 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
DCI format scheduling the PDSCH reception as described in Clause 9.2.3 and N5“F™# s a number of slots per

slot
subframe for the SCS configuration 4 of the PUCCH transmission.
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With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a
secondary cell ending in slot N, the UE applies the corresponding 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 n+K.

If the sCellDeactivationTimer associated with the secondary cell expires in slot N, the UE applies the corresponding
actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], 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

n+3- N« where 4 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 rlf-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 N, ; . RadioLinkMonitoringRS for link recovery procedures, as described in Clause

6, and for radio link monitoring. From the N ; ,, RadioLinkMonitoringRS, up to N, 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 ssh-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.

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 L., =4, the UE selects the N,,, RS provided for active TCI states for PDCCH receptions in CORESETSs

associated with the search space sets in an order from the shortest monitoring periodicity. If more than one
CORESETSs are associated with search space sets having same monitoring periodicity, the UE determines the
order of the CORESET from the highest CORESET index as described in 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 N s and Ng,, for different values of L are given in Table 5-1.
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Table 5-1: N,z rw @nd Ng,, as afunction of maximum number L of SS/PBCH blocks per half

frame

Ln‘ax NLR—RLM NRLM
4 2
8 6
64 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
CORESETS on the active DL BWP.

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

In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin) 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 Qo for all resources in the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Qi 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 g, of periodic CSI-RS resource configuration indexes by
failureDetectionResources or beamFailureDetectionResourceList and a set @, of periodic CSI-RS resource

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 @, by

failureDetectionResources or beamFailureDetectionResourceList for a BWP of the serving cell, the UE determines the
set g, to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets

indicated by TCI-State for respective CORESETS that the UE uses for monitoring PDCCH and, if there are two RS
indexes in a TCI state, the set @, includes RS indexes with QCL-TypeD configuration for the corresponding TCI

states. The UE expects the set g, to include up to two RS indexes. The UE expects single port RS in the set g .

The thresholds Qout,.r @nd Qinr correspond to the default value of riminSyncOutOfSyncThreshold, as described in [10,
TS 38.133] for Qout, 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 g, of resource configurations against
the threshold Qou,Lr. For the set @, , 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 Qin,r threshold to the L1-RSRP
measurement obtained from a SS/PBCH block. The UE applies the Qin,Lr 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 @, that the UE uses to assess the radio link quality is

worse than the threshold Qou,Lr. The physical layer informs the higher layers when the radio link quality is worse than
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the threshold Qout,Lr 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 g, 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 Qou,Lr 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 @, and the corresponding L1-RSRP measurements that are larger than or equal to

the Qin,Lr 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 N and according to antenna port quasi co-
location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with
index 0., provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by
recoverySearchSpaceld for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNT!] starting from
slot n+4 within a window configured by BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set
provided by recoverySearchSpaceld and for corresponding PDSCH reception, the UE assumes the same antenna port
quasi-collocation parameters as the ones associated with index 0, until the UE receives by higher layers an activation
for a TCI state or any of the parameters tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseL ist. After the
UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI 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-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationinfo [11, TS 38.321] or is
provided PUCCH-SpatialRelationinfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the
PRACH transmission using

- asame spatial filter as for the last PRACH transmission
- apower determined as described in Clause 7.2.1 with g, =0, Q4 =, ,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-

RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with index q, 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 QoutLr, an index q,.,, 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

- monitors PDCCH in all CORESETSs on the SCell(s) indicated by the MAC CE using the same antenna port quasi
co-location parameters as the ones associated with the corresponding index(es) gew, if any

- transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to g, for
periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, and using a power determined as
described in Clause 7.2.1 with g, = 0, g4 = Qnew, and [ = 0, if

- the UE is provided PUCCH-SpatialRelationInfo for the PUCCH,

- a PUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell, and
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- the PUCCH-SCell is included in the SCell(s) indicated by the MAC-CE

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

7 Uplink Power control

Uplink power control 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.

A PUSCH/PUCCH/SRS/PRACH transmission occasion i is defined by a slot index N¢; within a frame with system
frame number SFN , 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 C, a UE first

calculates a linear value If’pUSCH,b,f,C(i, J,dq.1) of the transmit power Byyscp ¢ o (ih J,0g,1) , 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-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or
partialAndNonCoherent, the UE scales Ppyscyip, £, (i, j, 4a, ) 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

- 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 b of carrier f of serving cell C using parameter set configuration
with index j and PUSCH power control adjustment state with index | , the UE determines the PUSCH transmission
power Poyscip, .o (s J,dg,1) in PUSCH transmission occasion | as

Pevax. 1 ¢ (1),
Po_puscp, 1c (1) +10l0g,, (2 - M I;)EL!J,?:;'C (1) + ety (1) PLy ¢ o (Ag) + Avep e (D) + Fo ¢ (051)
[dBm]

Pouschp, e (i J:Gg, 1) = min {

where,
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- Powax 1 ¢ (i) 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 PUSCH transmission occasion | .

- Po puscrn, (1) is a parameter composed of the sum of a component Py, yommal pusch.rc (J) and a component

PO_UE_PUSCHb,f,C(j) Where j (S {O, 1, ey J —1}

- 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_PUSCHb, f.c (0) =0 and POfNOMINALfUSCH,f c 0)= PoprE + APREAMBLE7M593

where Py pgg is provided by preambleReceivedTargetPower [11, TS 38.321] and AprgampLe msg3 1S
provided by msg3-DeltaPreamble, or APREAMBLE_MSQ3 =0 dB if msg3-DeltaPreamble is not provided, for
carrier f of servingcell 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, Py ug_pusch,p,f,c(0) = 0,and Py nommvar_pusch,f,c(0) = Po pre + Amsga_puschs

where Py pgg is provided by preambleReceivedTargetPower and 454 pyscy is provided by
msgADeltaPreamble, or Aysga puscu = ApreampLe msgs B if msgADeltaPreamble is not provided, for
carrier f of serving cell ¢

- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, j=1, Py yomnaLpuscrrc@ 1S

provided by p0-NominalWithoutGrant, or Po nominac puscr.f.c D) = Po_nomimaLpuscr,i ¢ (0) if pO-
NominalWithoutGrant is not provided, and Py g puscip . (1) 1S provided by p0 obtained from p0-PUSCH-

Alpha in ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetld to a set of PO-PUSCH-
AlphaSet for active UL BWP b of carrier f of serving cell C

- For jef2,..,3-1}=S,,a Py yommac puscr < (J) Value, applicable forall jeS,, is provided by p0-
NominalWithGrant, or Py yominac pusch. ¢ (J) = Po_nominac pusch, 1. (0) if p0-NominalWithGrant is not
provided, for each carrier f of serving cell C and a set of Po_ue puschp, 1 ¢ (J) values are provided by a set

of p0 in PO-PUSCH-AlphaSet indicated by a respective set of p0-PUSCH-AlphaSetld 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-AlphaSetld 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-AlphaSetld that map to a set
of PO-PUSCH-AlphaSet values and determines the value of P, e puscip 1. (§) from the p0-PUSCH-

AlphaSetld 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 P, e pyscrp, 1 ¢ (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,

- 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 Py ¢ pyscip 1. (J) from
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- 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 Py e pyscrp, 1. (J) from the value of the first PO-PUSCH-AlphaSet in p0-
AlphaSets

For )

For j=0,

- if Py nomivaL puscr,f,c(0) = Po pre + Amsga_puscn @and msgA-Alpha is provided, a;, f - (0) is the value
of msgA-Alpha

- elseif Po nominaL pusch,f,c(0) = Po pre + Apreambsre msgs OF MSGA-Alpha is not provided, and msg3-
Alpha is provided, ¢, ; .(0) is the value of msg3-Alpha

- else, a, . (0)=1

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

providing an index PO-PUSCH-AlphaSetld to a set of PO-PUSCH-AlphaSet for active UL BWP b of carrier
f of serving cell C

For jeS,,asetof a,.(j) values are provided by a set of alpha in PO-PUSCH-AlphaSet indicated by a
respective set of p0-PUSCH-AlphaSetlid for active UL BWP b of carrier f of serving cell C

- 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-AlphaSetld that map to a
set of PO-PUSCH-AlphaSet values and determines the values of ¢, ; (j) from the p0-PUSCH-

AlphasSetld 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 «, ; .(j) from the value
of the first PO-PUSCH-AlphaSet in p0-AlphaSets

M FPYSCH (i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

RB,b, f,c

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

PL, ; .(g4) is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index d4 for
the active DL BWP, as described in Clause 12, of carrier f of serving cell C

If the UE is not provided PUSCH-PathlossReferenceRS or before the UE is provided dedicated higher layer
parameters, the UE calculates PL ; .(d,) 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 ssh-Index when a value of a corresponding pusch-PathlossReferenceRS-1d
maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when
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a value of a corresponding pusch-PathlossReferenceRS-1d maps to a CSI-RS resource index. The UE
identifies a RS resource index (, 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 ¢, 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-1d values and determines the RS resource index gy 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 C, as described in Clause 9.2.2, the UE uses the same RS resource index g, as
for a PUCCH transmission in the PUCCH resource with the lowest index

- f

- 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 g, with a respective PUSCH-PathlossReferenceRS-1d value being

equal to zero where the RS resource is either on serving cell C or, if provided, on a serving cell indicated by
a value of 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 ¢, providing a periodic 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 enableDefaultBeamPIForPUSCHO_0

the UE determines a RS resource index ¢, providing a periodic 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 g4 is 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
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- For a PUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-
ConfiguredUplinkGrant, the UE determines a RS resource index ¢, 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 g4 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 g, is determined from the PUSCH-PathlossReferenceRS-

Id mapped to sri-PUSCH-PowerControlld =0

PL, ; . (dq) = 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.

- ATFVbeYC(i):10Ioglo<<25PRE'KS —l)ﬁp,ffic“) for Kg =1.25 and A, (i) =0 for K =0 where K is provided

0
by deltaMCS for each UL BWP b of each carrier f and serving cell C. If the PUSCH transmission is over
more than one layer [6, TS 38.214], A, (i) =0. BPRE and g5, for active UL BWP b of each carrier

offset
f and each serving cell C, are computed as below

-1

- BPRE=Y K,/Ng for PUSCH with UL-SCH data and BPRE =Q, - R/ B for CSI transmission in a
PUSCH without UL-SCH data, where

- C isanumber of transmitted code blocks, K, is a size for code block r,and N isanumber of

Nommsont o ()L

resource elements determined as Nge =Mggo () D Nig. (i, J), where NS, (i) is a number
=0

of symbols for PUSCH transmission occasion I on active UL BWP b of carrier f of serving cell C,
N RB

sc,data

(i, j) is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4,

TS 38.211] in PUSCH symbol j, 0< j<Ng3t (i), and C, K, are defined in [5, TS 38.212]

- st =1 when the PUSCH includes UL-SCH data and gls" = goer?, as described in Clause 9.3, when

fiset offset offset !

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

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

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

in PUSCH transmission occasion |

Opuschp, 1 ¢ (i,1) isa TPC command value included in a DCI format that schedules the PUSCH transmission

occasion 1 on active UL BWP b 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
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- 1e{0,1} if the UE is 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

- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of | <{0,1} is
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 SRl field in a DCI format scheduling the PUSCH transmission and the | value(s) provided by
sri-PUSCH-ClosedLooplndex and determines the | value that is mapped to the SRI field value

- 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 | value is provided by the closed loop indicator field in DCI format 2_2

¢(D;)-1
- f )= (=i, )+ Z5PUSCH‘bYLC(m,I) is the PUSCH power control adjustment state | for active

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

- The Spysehp, 1 Values are given in Table 7.1.1-1

(D)1
= D Spuschin.i (M, 1) isasum of TPC command values in a set D; of TPC command values with

m=0

cardinality ¢(D;) that the UE receives between K, e, (i —i,) —1 symbols before PUSCH transmission
occasion i—i, and K, e (i) symbols before PUSCH transmission occasion 1 on active UL BWP b of

carrier f of serving cell C for PUSCH power control adjustment state |, where i, >0 is the smallest
integer for which K, s, (i —i,) symbols before PUSCH transmission occasion i —i, is earlier than

Kousen (i) Symbols before PUSCH transmission occasion |

- If aPUSCH transmission is scheduled by a DCI format, K, s, (i) isanumber 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

- Ifa PUSCH transmission is configured by ConfiguredGrantConfig, K s, (i) isanumber of Kyjscppin

symbols equal to the product of a number of symbols per slot, NS;‘,’:b , and the minimum of the values

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

- If the UE has reached maximum power for active UL BWPD of carrier f of serving cell C at PUSCH
¢(D;)-1
transmission occasion i—i, and > Spyscpp, (M) =0, then £, (1) = f, (i —i,,1)

m=0
- If UE has reached minimum power for active UL BWPb of carrier f of serving cell C at PUSCH
¢(D;)-1
transmission occasion i—i, and ZﬁF,USCH,b,fVC(m,I) <0,then f (i,1)=f,  (i-iy,1)

m=0

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

- If a configuration for a corresponding Py e puscip. 1. (1) value is provided by higher layers

- If a configuration for a corresponding «, ; .(j) value is provided by higher layers
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where | is determined from the value of j as

- If j>1 and the UE is provided higher SRI-PUSCH-PowerControl, | is the sri-PUSCH-
ClosedLooplIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-P0-PUSCH-

AlphaSetld value corresponding to j

- If j>1 and the UE is not provided SRI-PUSCH-PowerControl or j = 0, | =0

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

- s (L1) = Opyscrp 1 (ib1) is the PUSCH power control adjustment state for active UL BWP b of carrier f

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

Spuschp, 1, 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 or a MsgA
transmission on active UL BWP b of carrier f of serving cell C as described in Clause 8

fb,f,c (0! I) = AI:)rampup,b,f,c + §msg2,b,f,c ' where I = 0 and

Omsg2.1.c 158 TPC command value indicated in a random access response grant of the random

access response message corresponding to a PRACH transmission according to Type-1 random access
procedure, or in a random access response grant of the random access response message
corresponding to a MsgA transmission according to Type-2 random access procedure with RAR

message(s) for fallbackRAR, on active UL BWP h of carrier f in the serving cell C, and

10109, (2 - M&gier'c (0))
T APt e = Min| 3max| 0, Poyax o —| +Po puscrp.1.c (0) + a1 . (0) - PL, ) AP omoupreqested b, £ .c
F A 10 (0)+ Cggan r e
and AP ouprequested b, ¢ 1S 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 inthe

serving cell C, M5 .(0) is the bandwidth of the PUSCH resource assignment expressed in number
of resource blocks for the first PUSCH transmission on active UL BWP b of carrier f of serving
cell C,and A, ¢ .(0) is the power adjustment of first PUSCH transmission on active UL BWP b

of carrier f of servingcell C.

- If the UE transmits the PUSCH in PUSCH transmission occasion i on active UL BWP b of carrier f of
serving cell ¢ as described in Clause 8.1A, f}, £:(0,1) = APrampup,p,f,c: Where

l=0,and
10l0g (2" -Mggp ' ()
Al:)rampup,b,f‘c = min maXx 0' PCMAX,f‘c -+ PO_PUSCH,b,f,c (O) + ab,f,c (0) ) PLc (I) ' AP rampuprequested,b, f ,c
Ay (D)

and AP, gmpuprequesteab,f,c 1S Provided by higher layers and corresponds to the total power ramp-up
requested by higher layers, M}‘;g‘?f;‘yc(i) is the bandwidth of the PUSCH resource assignment expressed in
number of resource blocks, and Arg ), £ (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
accumulated &y sy 1o ValUES OF Ogrgy, ¢ . Values

TPC Command Field | Accumulated 5PUSCH,b,f'C Or Ogrsp.tc [AB] Absolute Opysciip f ¢ OF Osgsp,f.c [AB]
0 -1 -4
1 0 -1
2 1 1
3 3 4

7.2 Physical uplink control channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this 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 b of carrier f in the primary cell C using PUCCH power control
adjustment state with index |, the UE determines the PUCCH transmission power P,cqyp ¢ ¢ (i,0,.0q.1) in PUCCH

transmission occasion 1 as

Pemax. 1 ¢ (1),
Po_pucchp, 1 ¢ (G,) +1010g,4(2“ - M ;gﬁ,cfﬁc(i)) +PL ¢ () + AF_PUCCH(F)+ Ay i)+, G0
[dBm]

PPUCCH,b,f,c(irqu ,0g,1) =min {

where

Pomax 1 (1) 18 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 |

- Py pucchn.t.c(Gy) s a parameter composed of the sum of a component P, \ovina pucc» Provided by pO-
nominal, or Py \oumar puces =0 dBm if pO-nominal is not provided, for carrier f of primary cell C and, if
provided, a component P, e pycc(d,) Provided by p0-PUCCH-Value in PO-PUCCH for active UL BWP b of
carrier f of primary cell C, where 0<q, <Q, . Q, isasize foraset of P,z pyccy Values provided by
maxNrofPUCCH-PO-PerSet. The set of P, . .oy Values is provided by p0-Set. If p0-Set is not provided to

the UE, Py e pucon(d,) =0, 0<q, <Q,

- If the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-
PUCCH-Id, between a set of pucch-SpatialRelationInfold values and a set of p0-PUCCH-Value values. If the
UE is provided more than one values for pucch-SpatialRelationinfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfold, the UE determines the p0-
PUCCH-Value value through the link to a corresponding p0-PUCCH-Id index. The UE applies the activation
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command in the first slot that is after slot k +3- N32™™# where k is the slot where the UE would transmit a

PUCCH with HARQ-ACK information for the PDSCH providing the activation command and g 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 ;;gfi'ic(i) is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion i on active UL BWP b of carrier f of serving cell C and £ isa SCS
configuration defined in [4, TS 38.211]

PL, (. (dq) is @ downlink pathloss estimate in dB calculated by the UE using RS resource index ¢4 as

described in Clause 7.1.1 for the active DL BWP b 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 PL, ; .(q,) using a RS resource obtained from the SS/PBCH block that the

UE uses to obtain MIB

- Ifthe UE is provided a number of RS resource indexes, the UE calculates PL, ; .(q4) using RS resource

with index g4 , where 0<q, <Q,. Q, is asize 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-1d 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-1d 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-1d in PUCCH-PathlossReferenceRS

- 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-1d index. The UE applies the activation command in the first slot that is after slot

k+3- NSwrame.« \where K is the slot where the UE would transmit a PUCCH with HARQ-ACK information

slot

for the PDSCH providing the activation command and x is the SCS configuration for the PUCCH

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

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

the UE determines a RS resource index 04 providing a periodic 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
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- The parameter A ;. (F) is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for
PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for PUCCH format 3, and deltaF-

PUCCH-f4 for PUCCH format 4, if provided; otherwise A pyccy(F) = 0.
- Agp (i) isaPUCCH 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

. NP .
Agep1.6(i) =10l0g | —st——— |+ A (i) where
Nsynb (I)

N;L;,?CH (i) is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH

transmission as described in Clause 9.2.

NPYCCH—2 for PUCCH format 0

ref

N5 " =Ngny for PUCCH format 1

ref

- Ay (i)=0 for PUCCH format 0

- Ayq(i)=10log 4 (O (i) for PUCCH format 1, where Oy (i) is a number of UCI bits in PUCCH

transmission occasion |

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

A5 (i) =10log,, (Kl : (nHARQ-ACK (1) +Ogg (i) +Ocg ('))/ Nge (i)): where
- K, =6

Nparo-ack (1) 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, Nyaro ack (i) =1 if the

UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, Nyaro ack (i) =0
O (i) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1

Ocg (i) is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2

- Nge(i) is a number of resource elements determined as Ngg (1) = Migp T () Néta () - Nomoctore. .o (1)

where N8

sc,ctrl

transmission, and NJ g5t ¢ () is @ number of symbols excluding symbols used for DM-RS

(i) is a number of subcarriers per resource block excluding subcarriers used for DM-RS

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

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 11, A, ¢ (i) :10Ioglo(2K2‘BPRE(” —1) , Where

- K,=24

- BPRE(I) = (OACK (I) + OSR (I) + OCSI (I) + OCRC (I))/NRE (I)

Oack (i) is a number of HARQ-ACK information bits that the UE determines as described in 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
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codebook. If the UE is not provided pdsch-HARQ-ACK-Codebook, O, =1 if the UE includes a HARQ-
ACK information bit in the PUCCH transmission; otherwise, O, =0

O (i) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
O (i) is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2
Ocre (i) isanumber of CRC bits that the UE determines as described in Clause 9.2

Nge (i) is a number of resource elements that the UE determines as

Nge (i) = Migot e (1) - No (i) - NSt 1. (1) » where NZ2 (i) is a number of subcarriers per resource block

excluding subcarriers used for DM-RS transmission, and N7-5C%,, ¢ (i) is @ number of symbols
excluding symbols used for DM-RS transmission, as defined in Clause 9.2.5.2, for PUCCH transmission
occasion 1 on active UL BWP b of carrier  of serving cell C.

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

and PUCCH transmission occasion |

Spucchp, ¢ (1) is @ TPC command value and is included in a DCI format 1_0 or DCI format 1_1 for active

UL BWP b of carrier f of the primary cell C that the UE detects for PUCCH transmission occasion 1 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

le {0, 1} if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and
I =0 if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo

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

provide the | value(s). If the UE receives an activation command indicating a value of pucch-
SpatialRelationInfold, the UE determines the value closedLooplndex that provides the value of | through
the link to a corresponding p0-PUCCH-Id index

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

¢(C; )1

- Op (L) =0y (i—ig, 1)+ ZéPUCCH,W(m,I) is the current PUCCH power control adjustment state | for

m=0

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

The Opyccrip, 1 ¢ Values are given in Table 7.1.2-1

c(C)1
ZéPUCCHYb,f'c(m, 1) isasum of TPC command values in a set C; of TPC command values with
m=0

cardinality ¢(C,) that the UE receives between K, cqy (i —i,) —1 symbols before PUCCH transmission
occasion i —iy and K, e (i) symbols before PUCCH transmission occasion 1 on active UL BWP b of
carrier f of serving cell C for PUCCH power control adjustment state, where i, >0 is the smallest
integer for which K, (i —i,) symbols before PUCCH transmission occasion i—i, is earlier than

Ksucen (i) symbols before PUCCH transmission occasion i

If the PUCCH transmission is in response to a detection by the UE of a DCI format 1_0 or DCI format
1.1, Kpyeen (i) is anumber 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
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If the PUCCH transmission is not in response to a detection by the UE of a DCI format 1_0 or DCI
format 1_1, Ky (i) isanumber of K, oy e SYmbols equal to the product of a number of symbols
per slot, N:;?T‘b , and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL

BWP b of carrier f of serving cell C

If the UE has reached maximum power for active UL BWP b of carrier f of primary cell C at PUCCH
c(c)-1
transmission occasion i—i, and > Soycapp, 1. (M) =0, then gy ¢ (1,1) =g (1 =i, 1)

m=0

If UE has reached minimum power for active UL BWP b of carrier f of primary cell C at PUCCH
¢(c)-1
transmission occasion i—iy and " Soyeep. 1. (M) <0, then gy ¢ (i,1) =0y ¢ (i —;,1)
m=0

If a configuration of a P, ;ccup. 1. (d,) value for a corresponding PUCCH power control adjustment

state | foractive UL BWP b of carrier f of serving cell C is provided by higher layers,
b gb,f,c(kJ):O,k:O,Ln_,i

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

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

- 0. 01)=AP

rampup,b, f,c

+6,., where =0, and &, 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 random access response grant
corresponding to MsgA transmissions according to Type-2 random access procedure with RAR
message(s) for fallbackRAR, or

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

- the TPC command value in a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI 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 C,

01
| max
AP o, 1.0 = MIN Pov t.c = (Po_puccrpfe T PLorc (o) A pucer (F)+ A e +0h1c) )|

rampuprequested b, f ,c

otherwise,

01
.| max . .
AP, ampupp, £ ¢ =MiIN [ Pemax, f ¢ _(PO_PUCCH,b,f,c +PLy ¢ (qd))j where AP rampuprequested,b, f ¢ 1S
AP

provided by higher layers and corresponds to the total power ramp-up requested by higher layers from
the first to the last preamble for active UL BWP b of carrier f of primary cell C, and

Ar puee(F) corresponds to PUCCH format 0 or PUCCH format 1

rampupreqested,b, f ,c
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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 5PUCCH,b,f,C values

TPC Command Field | Accumulated &pycenp o [AB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS, a UE splits a linear value ISSRsvbvf,c(i,qs,l) of the transmit power Pgs, ¢ .(i,Gs,1) on active UL BWP b of
carrier f of serving cell C 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

C using SRS power control adjustment state with index | , the UE determines the SRS transmission power
Pursp. 1 ¢ (i, 05, 1) in SRS transmission occasion | as

PCMAX,f,c (|),

Pers.b.1c (I: G, 1) = min P . .
Po_sksi, ¢ (0s) +10109,5 (2" - Mgy ¢ (1)) + @sps . £.c (As) - Pl ¢ (Ag) + 1y ¢ o (1,1)

} [dBm]

where,

Pewax 1 ¢ (i) 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 |

- Py srsp.rc(@s) is provided by pO for active UL BWP b of carrier f of serving cell C and SRS resource set
g, provided by SRS-ResourceSet and SRS-ResourceSetld

- MSRs,b,f,C(i) is a SRS bandwidth expressed in number of resource blocks for SRS transmission occasion 1 on
active UL BWP b of carrier f of serving cell C and £ is a SCS configuration defined in [4, TS 38.211]

- Ospsh fe (qq) is provided by alpha for active UL BWP b of carrier f of serving cell C and SRS resource set

Qs

- PLb,f,c (qd) is a downlink pathloss estimate in dB calculated by the UE using RS resource index Uy as
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 Jg is provided by pathlossReferenceRS associated with the SRS resource set U5 andis

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-Id a corresponding RS resource index g, for aperiodic or semi-persistent SRS resource set

s

- If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS, or before the UE is provided
dedicated higher layer parameters, the UE calculates PL, , .(q4) using a RS resource obtained from the

SS/PBCH block that the UE uses to obtain MIB

- If the UE is provided pathlossReferenceLinking, the RS resource is on a serving cell indicated by a value of
pathlossReferenceLinking
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- Ifthe UE
- s not provided pathlossReferenceRS or SRS-PathlossReferenceRS,
- is not provided spatialRelationInfo, and

- is provided enableDefaultBeamPIForSRS
the UE determines a RS resource index g, providing a periodic 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 CORESETSs 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 |

hy ¢ (i, 1) = f, (. (i,1), where f, . (i,1) 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

¢(S)-1
- hype@)=hy (i—ig)+ D Ospsp. s (M) if the UE is not configured for PUSCH transmissions on active UL
m=0

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 if tpc-Accumulation is
not provided, where

- The Ogxgy ¢ o Values are given in Table 7.1.1-1

- Ogpsp, 1 ¢ (M) is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as
described in Clause 11.4

o(s;)-1
= D Ossp.1.c(m) isasum of TPC command values inaset S; of TPC command values with cardinality

m=0

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

C for SRS power control adjustment state, where i, >0 is the smallest integer for which K (i—i,)
symbols before SRS transmission occasion i—i, is earlier than Ky (i) symbols before SRS transmission

occasion |

- if the SRS transmission is aperiodic, Keg(i) isa 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, K (i) is a number of K. ;, Symbols equal to
the product of a number of symbols per slot, N , and the minimum of the values provided by k2 in

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

- If the UE has reached maximum power for active UL BWP b of carrier f of serving cell C at SRS
o(s;)-1
transmission occasion i—i, and > Sigp ¢ (M) =0, then hy, () =h, .G —i,)

m=0
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- If UE has reached minimum power for active UL BWP b of carrier f of serving cell C at SRS
o(s;)-1
transmission occasion i—i, and > Sisp ¢ (M) <0, then by () =h, .G —i,)

m=0

- Ifaconfiguration fora P, g, ¢ .(q,) valueorfora o, . (q,) value for a corresponding SRS

power control adjustment state | for active UL BWP b of carrier f of serving cell C is provided by
higher layers

- h, (K)=0k=01..,i

- Else

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

where

5msgz,b,f,c is 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 C, and

0,
.| max u . e
AP ampups, £,c = MiN Pemax. 1.6 = (PO_SRs,b,f,c (0,) +10109,((2 - Mgpg p ¢ o (1)) + s b 1.6 (0) - PLy ¢ (0 )) )
AP

rampuprequested,b, f ,c

where AP is provided by higher layers and corresponds to the total power ramp-up

rampuprequested,b, f ,c

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

- h, ()=, (i) 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 Kggg i SYmbols before a first symbol of SRS transmission occasion I, where

absolute values of Sg.g,, (. 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 |
occurs at the beginning of each SRS resource in the SRS resource set g, ; otherwise, the update of the power

control adjustment state SRS transmission occasion 1 occurs at the beginning of the first transmitted SRS
resource in the SRS resource set q .

If a UE transmits SRS based on a configuration by IE SRS-Positioning-Config on active UL BWP b of carrier f of
serving cell ¢, the UE determines the SRS transmission power Pggs j, ¢ (i, g5) in SRS transmission occasion i as

PCMAX,f,c(i)v

Prs.b, £ (1, G5) = min _ [dBm]
bt {PO_SRS‘b, 1.c(05) +10109,5(2" - Mggs p 1 c (1) + sps p, 1. () - Py ¢ c (0 )}

where,

- Posrsp,fc(qs) and agsgsp,r,c(qs) are provided by p0 and alpha respectively, for active UL BWP b of carrier f
of serving cell ¢, and SRS resource set g, is indicated by SRS-ResourceSetld from SRS-ResourceSet, and

- PLy, ¢ .(qq) 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 g, in a serving or non-serving cell for SRS
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resource set g, [6, TS 38.214]. A configuration for RS resource index g, associated with SRS resource set g, is
provided by pathlossReferenceRS

- ifassh-Index is provided, referenceSignalPower is provided by ss-PBCH-BlockPower
- ifadl-PRS-Resourceld is provided, referenceSignalPower is provided by dI-PRS-ResourcePower

If the UE determines that the UE is not able to accurately measure PLy, f .(q4), the UE calculates PLy, ¢ .(q4)
using a RS resource obtained from the SS/PBCH block of the serving cell that the UE uses to obtain MIB

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), (i) , on active UL

PPRACH,b, f.c

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

Porackp.f ¢ (1) =min {PCMAX,f,c (i), PoracHtarget fe PLb,f,c} [dBm],

where P, ) 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 C within transmission occasion 1, Poracriagen e 15 the PRACH target

reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active
UL BWP b of carrier f of serving cell C, and pL,, . 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 C and calculated by the UE
in dB as referenceSignalPower — higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the
higher layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL BWP and for
SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13, the UE determines PL, , . based

on the SS/PBCH block associated with the PRACH transmission.

MAX, f.c (I

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 q,,, is 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 g, 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/PRACHY/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.
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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

transmission occasion | would exceed B.,, (i) , Where (i) is the linear value of P, (i) in transmission

occasion | 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 P, . (i)

I:,CMA)(

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 I, the UE does not include power for
transmissions starting after the symbol of transmission occasion i . 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

- 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 P, . for transmissions on the MCG by p-MaxEUTRA and a maximum power P, 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 P, as the maximum

transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5
using P, 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.

If a UE is configured with B+ P, > PNPc, where p__ is the linear value of P -, P, isthe linear value of P,

Total

and PEN-PC s the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3,

Total

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.
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- 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-
rl16, 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 i, of the MCG overlap in time with UE transmission(s) in slot i, of the
SCG in FR1, and

- if B eg(iy)+ Pucsli,) > PE:PC inany portion of slot i, of the SCG,

Total

the UE reduces transmission power in any portion of slot i, of the SCG so that B, (i,)+ P,o(i,)< PEN-PC in

Total
any portion of slot i,, where B, .(i,) and P,..(i,) are the linear values of the total UE transmission powers in

MCG\'1

subframe i, of the MCG and in slot i, of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot i, of the SCG if B,_.(i,) would need to be reduced by more than the value provided by
XscaLe in order for B, (i,)+ Pico(i, ) < PENCS inany portion of slot i, of the SCG. The UE is required to
transmit in slot i, of the SCG if p,_(i,) would not need to be reduced by more than the value provided by

Xscae inorder for B, (i,)+ Poco(i,) < PERPS in all portions of slot i, .

Total

- 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 P, for transmissions in FR1 on the MCG by p-NR-FR1 and a maximum power P, . for

transmissions on the SCG by p-MaxEUTRA.

The UE determines transmission power for the MCG in FR1 as described Clauses 7.1 through 7.5 using P, as the
maximum transmission power for P,y < Pyg - 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 P, 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 i, of the SCG

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

otherwise

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

If a UE is configured with §__ 4+ B, > BN=pc, where P

Total LTE

is the linear value of P, B isthe linear value of
Pur » and ﬁT’EgDC is 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-r15in [13, TS
36.213])

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC,
the UE does not expect to transmit in 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
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- 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

- f ﬁMCG(i1)+ |:3SCG(i )> > PNEDC in any portion of slot i, of the MCG,

Total

the UE reduces transmission power in any portion of slot i, of the MCG so that B, (i,)+ |f>SCG( i,) < phEDC

in all portions of slot i,, where B, (i) and p,.(i,) are the linear values of the total UE transmission powers

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

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13,
TS 36.213]).

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 Pgcg
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 or NR-DC-PC-mode = Semi-static-mode2, the UE does not

expect Pycq and Psg to be configured such that Pycg + Pgcg > PRRZPC, where Py is the linear value of Pycg, Pscg is

the linear value of P, and PXR-PC 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 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 Pycg OF Pscc 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 i, 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 overlapping with slot i, of the SCG or of the MCG, respectively, the UE determines a
power for the transmission on the SCG or the MCG overlapping with slot i, as described in Clauses 7.1 through
7.5 using Pgcq Of Pycg, respectively, as the maximum transmission power

- otherwise, the UE determines a power for the transmission on MCG or the SCG overlapping with slot i,, as
described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without considering Pycg Of Pscg, respectively

The UE expects to be provided NR-DC-PC-mode = Semi-static-mode2 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 i; of the MCG overlap in time with UE transmission(s) in slot i, of the SCG and if
pacual ) + pactual(j,) > PNRDC jn any portion of slot i, of the SCG, the UE reduces transmission power in
any portion of slot i, of the SCG so that PAS¥a(i,) + PaEal(i,) < PNRPC in all portions of slot i,, where
Pacval(i ) and P22l (i,) are the UE transmission powers in slot i; of the MCG and in slot i, of the SCG,
respectively, that the UE determines according to Clauses 7.1 through 7.5 using Pycc and Pscc, respectively, as
the maximum transmission powers on the MCG and the SCG and PNRP€ 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 i; of the MCG or in slot 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 i, of the
MCG or in slot i, of the SCG as described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without
considering Pycg Or Pscg, respectively
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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 g,
from the first symbol of the transmission occasion on the SCG, and

- 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(Pse, PARDC — Pacval), if the UE determines transmissions on the MCG with a P! total power

PNR-DC if the UE does not determine any transmissions on the MCG

— max max
- Toffset = max {Tproc,MCG' Tproc,SCG}v

H i mux
h T#S?,MCG and Tz‘;r;gg,scc is the maximum of Tproc,Z: Tproc,CSIl Tproc,releasev zﬁg?z’ and Tz:rrlgéc,CSI based on the

configurations on the MCG and the SCG, respectively, when the UE indicates a first value for the capability, and

- Toreemce and Toros sce 1S the maximum of Toypoc 2, Toroccsir Tprocreleaser Tproc,2 Dased on the configurations on

the MCG and the SCG, respectively, when the UE indicates a second value for the capability.
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
Tosrsec Trom 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 1 on active UL BWP b of carrier f of serving cell C. A Type 3 UE power headroom

PH that is valid for SRS transmission occasion I on active UL BWP b of carrier f of 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,2 Where Tproc,2 IS determined according to [6, TS
38.214] assuming dz,1 = 1, d22=0, and with pp. corresponding to the subcarrier spacing of the active downlink BWP of
the scheduling cell for a configured grant if the 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
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- provides the Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on
respective 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.

- 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 C, the UE
computes the Type 1 power headroom report as

Pthpelb‘f‘c(il §194:1) = Peyax 1 c ()= {PoiPUSCHb,f,c(j)+1O log 45 (2” - MRPBL‘J,E,Cf'_fc(i)) Fy s (3) Pl c(@g) + A ¢ )+ fy g (1) } [aB]

where PCMAxf,c(i)' Po_puscr,f.c (3) s Mg rc (i) ab,f,c(j), PLy ¢ c(dg) A rc(i) and f, ¢ (i,1) are defined in
Clause 7.1.1.

If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration £4 on active UL BWP

b, of carrier f, of serving cell C, is smaller than a SCS configuration x, on active UL BWP b, of carrier f, of

serving cell C, , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active
UL BWP b, that overlaps with multiple slots on active UL BWP b, , the UE provides a Type 1 power headroom
report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP b, that fully overlaps with
the slot on active UL BWP b, . If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS

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

serving cell C, , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active
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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 f, of serving cell C;, asecond PUSCH transmission on active UL BWP b, of carrier f, of

serving cell C, that overlaps with the first PUSCH transmission if

- the second PUSCH transmission is scheduled by 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'oroc.2=Tproc,2 Where Tproc 2 IS determined according to [6, TS 38.214] assuming da,1 =1, d22=0, and with pp.
corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant
if the first PUSCH transmission is on a configured grant after a power headroom report was triggered.

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

Pthpelb,f,c(i! 1,94, = ISCMAX,f,c(i)_{ PO_PUSCHb,f,c(j)+ab,f,c(j)'PLb,f,c(qd)+ fo.r o (1, I)} [dB]

where 'SCMAx,f,c(i) is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. AT¢ = 0 dB. MPR, A-MPR, P-MPR

and ATc are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are
defined in Clause 7.1.1 where Py pyscnp, 1 o (J) and @ ¢ .(J) are obtained using Py, \ommar pusch,ic(0) and po-

PUSCH-AlphaSetld = 0, PL, , .(q,) is obtained using pusch-PathlossReferenceRS-1d = 0, and 1=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.

1.7.2 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 I 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

PH type3p, f .c (1,05) = Poyax 1 c ()= { POfSRS,b,f,c (9s) +1010g 14 (2 - Mggg 1 ¢ (1)) + Asrs .1 ¢ (As) - PLy ¢ o (Ag) + Dy ¢ o () }
[dB]
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where PCMAx,f,c (i)' POfSRS,b,f,c (qs) ' MSRS,b,f,c(i)’ aSRS,b,f,c (qs): PLb,f,c (qc:) and ho,f,c(i) 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

PHypean 1 o (1,05) = 5CMAX,f,c (i)- { Po_srsp.f.c(Os) + Csrspr.c(0s) Pl ¢ ¢ (Ag) +hy ¢ (')} [dB]

where (s is a SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b and Py grsp 1 c(ds)
Qgrs 1 c(0s), PLy.(dy) and h, ¢ (i) are defined in Clause 7.3.1 with corresponding values obtained from SRS-

ResourceSetld = 0 for UL BWP b . I5CMAX,f'C(i) is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB

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

If 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 ( N g ), 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 (Msgl) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and
when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.

From the physical layer perspective, the Type-2 L1 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.
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8.1 Random access preamble

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

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

- A preamble index, a preamble SCS, PPRACH,target , a corresponding RA-RNTI, and a PRACH resource.

A PRACH is transmitted using the selected PRACH format with transmission power Pogacyp ¢ (i) , as described in
Clause 7.4, on the indicated PRACH resource.

For 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 ssh-
perRACH-OccasionAndCB-PreamblesPerSSB.

For Type-2 random access procedure with common configuration of 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 ssh-perRACH-
OccasionAndCB-PreamblesPerSSB and a number Q of contention based preambles per SS/PBCH block per valid
PRACH occasion by msgA-CB-PreamblesPerSSB. The PRACH transmission can be on a subset of PRACH occasions
associated with a same SS/PBCH block index for a UE provided with a PRACH mask index by msgA-ssbh-sharedRO-
MaskIndex according to [11, TS 38.321].

For Type-2 random access procedure with separate configuration of 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 ssh-perRACH-OccasionAndCB-
PreamblesPerSSB-msgA when provided; otherwise, by ssh-perRACH-OccasionAndCB-PreamblesPerSSB.

For Type-1 random access procedure, or for Type-2 random access procedure with separate configuration of PRACH
occasions from Type 1 random access procedure, if N < 1, one SS/PBCH block is mapped to 1/N consecutive valid
PRACH occasions and R contention based preambles with consecutive indexes associated with the SS/PBCH block per
valid PRACH occasion start from preamble index 0. If N > 1, R contention based preambles with consecutive indexes
associated with SS/PBCH block n, 0 < n < N — 1, per valid PRACH occasion start from preamble index

n- No@ e/ N where NG is provided by totalNumberOfRA-Preambles for Type-1 random access procedure, or

by msgA-totalNumberOfRA-Preambles for Type-2 random access procedure with separate configuration of PRACH
occasions from a Type 1 random access procedure, and is an integer multiple of N.

For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access
procedure, if N < 1, one SS/PBCH block is mapped to 1/N consecutive valid PRACH occasions and Q contention
based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from
preamble index R. If N > 1, Q contention based preambles with consecutive indexes associated with SS/PBCH block
n, 0 <n < N — 1, per valid PRACH occasion start from preamble index n - N2 1. /N + R, where N2l 1. is

provided by totalNumberOfRA-Preambles for Type-1 random access procedure.

For link recovery, a UE is provided N SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-
Occasion in BeamFailureRecoveryConfig. For a dedicated RACH configuration provided by RACH-ConfigDedicated,
if cfra is provided, a UE is provided N SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-
Occasion in occasions. If N < 1, one SS/PBCH block is mapped to 1/N consecutive valid PRACH occasions. If N >
1, all consecutive N 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
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An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value
in the set determined by the PRACH configuration period according Table 8.1-1 such that N3°° SS/PBCH blocks are

mapped at least once to the PRACH occasions within the association period, where a UE obtains N3$°® from the value

of ssh-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to
PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH

preambles that are not mapped to N3>® SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH

occasions or PRACH preambles. 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/PBCH block to PRACH occasion
association period

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

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

- ifa UE is not 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 N,, symbols after a last SS/PBCH

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

p

p

- the index of the SS/PBCH block is provided by ssh-PositionsInBurst in SIB1 or in
ServingCellConfigCommon
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- IfaUE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if
- itis within UL symbols, or

- itdoes not precede a SS/PBCH block in the PRACH slot and starts at least N, symbols after a last

downlink symbol and at least N,, symbols after a last SS/PBCH block symbol, where N,

Table 8.1-2, and if ChannelAccessType-rl16 = 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]

is provided in

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

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

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

Preamble SCS Ngap
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

N1y + Agweswitching + Apeiay MSEC, Where N, is a time duration of N, symbols corresponding to a PUSCH preparation

time for UE processing capability 1 [6, TS 38.214] assuming z¢ corresponds to the smallest SCS configuration
between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH
transmission, Agyeswitching = 0 if the active UL BWP does not change and ABWPSWitchhg is defined in [10, TS 38.133]
otherwise, and Ap,, =0.5 msec for FR1and A, =0.25 msec for FR2. For a PRACH transmission using 1.25 kHz or
5 kHz SCS, the UE determines N, assuming SCS configuration x=0.

Delay

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit
PRACH and PUSCH/PUCCHY/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/PUCCHY/SRS transmission in a second slot where N=2 for #=0 or u=1, N=4 for u=2 or x=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. For operation
without shared spectrum channel access, the PUSCH transmission is after the PRACH transmission by at least N
symbolswhere N = 2 foru=0o0ru =1, N =4 foru = 2 or u = 3, and p is the SCS configuration for the active UL
BWP.

A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion associated with a DMRS resource is
not mapped to a preamble of valid PRACH occasions. A UE can transmit a PRACH preamble in a valid PRACH
occasion if the PRACH preamble is not mapped to a valid PUSCH occasion.

A mapping between one or multiple PRACH preambles and a PUSCH occasion associated with a DMRS resource 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 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
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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.

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 associated 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 does not
expect to have a PRACH preamble transmission and a PUSCH transmission with a msgA in a PRACH slot or in a
PUSCH 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
N, 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 N ,,,. 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. If the UE is provided with uselnterlacePUSCH-Common, it shall transmit PUSCH
without 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 frequency resource and a time resource, and is associated
with a DMRS resource. The DMRS resources are provided by msgA-DMRS-Configuration.

Each consecutive number of N,y Preamble indexes from valid PRACH occasions in a PRACH 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 and the associated DMRS resource

- first, in increasing order of frequency resource indexes f;; for frequency multiplexed PUSCH occasions
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- second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource
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 t;; for time multiplexed PUSCH occasions within a PUSCH
slot

- fourth, in increasing order of indexes for N, PUSCH slots

where Nyreamble = Ceil(Tpreamble /TPUSCH), Toreamble 1S @ total number of valid PRACH occasions per association pattern
period multiplied by the number of preambles per valid PRACH occasion provided by msgA-PUSCH-PreambleGroup,
and Tpyscy iS a total number of valid PUSCH occasions per PUSCH configuration per association pattern period
multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by msgA-DMRS-Config.

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

- itis within UL symbols, or

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

symbol and at least N,,, symbols after a last SS/PBCH block symbol, where N,,, is 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-RNTI and a transport block in a
corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers parse
the transport block for 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 N, +0.75 msec after the last symbol of the window, or the last symbol of the PDSCH reception,

where N, is atime duration of N, symbols corresponding to a PDSCH processing time for UE processing capability 1
assuming £¢ 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 1 =0, the UE assumes N,, =14 [6, TS 38.214]. For a PRACH transmission using 1.25 kHz or 5 kHz

SCS, the UE determines N, assuming SCS configuration x=0.

If the UE detects a DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and receives a transport block
in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location properties, as described in
[6, TS 38.214], 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

3GPP



Release 16 44 3GPP TS 38.213 V16.1.0 (2020-03)

scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that
triggers a contention-free random access procedure for a secondary cell, the UE may assume the DM-RS antenna port
quasi co-location properties of the CORESET associated with the Typel-PDCCH CSS set for receiving the PDCCH
that includes the DCI format 1_0.

A RAR UL grant schedules a PUSCH transmission from the UE. The contents of the RAR 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 &, ¢
7.1.1, and is interpreted according to Table 8.2-2.

is used for setting the power of the PUSCH transmission, as described in Clause

The CSI request field is reserved.

The ChannelAccess-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
CSI 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 &, . 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 MsgB-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 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 msgB-ResponseWindow.
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If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNT], 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

- 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

- aPUCCH 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 n + k + A, where n is a slot of the PDSCH
reception and A is as defined for PUSCH transmission in Table 6.1.2.1.1-5 of [6, TS 38.214]

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

- for operation with shared spectrum channel access, a channel access type and CP extension [15, TS 37.213]
for a PUCCH transmission is indicated by a ChannelAccess-CPext field in the successRAR

- 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 MsgB-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 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 Ny ; + 0.75 msec after the last symbol of the window, or the last symbol of the PDSCH
reception, where Ny, 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 u = 0, the UE assumes N, o = 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 MsgB-RNT]I 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
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- 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

initial UL BWP size of Ngijsp RBs, if uselnterlacePUSCH-Common is not provided, a UE processes the frequency
domain resource assignment field as follows

- if N3, <180

- truncate the frequency domain resource assignment field to its [Iogz(N g\ffjp-(N §$p+l)/ Zﬂ 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

- insert (Iogz(Ngjsp-(Ng\ﬁ\e,erl)/ 2)—‘—14 most significant bits with value set to ‘0" after the Ny, ,,, bits to the
frequency domain resource assignment field, where Ny, ,,, =0 if the frequency hopping flag is set to ‘0’

and Ny, is provided in Table 8.3-1 if the hopping flag bit is set to '1', and interpret the expanded frequency

resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in
[5, TS 38.212]

- endif
A UE 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 BWP | Value of Ny, ,,, Hopping Bits | Frequency offset for 2" hop
size O LNE;c\eIP/ZJ
NBWP < 50 size
1 |_NBWP/4J
00 [Ngie/2]
size 01 |_N g\i\elp/‘lj
Ngwe =50 -
10 [Nz 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-RNT] 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-RNTI provided in the corresponding
RAR message [11, TS 38.321]. The UE always transmits the PUSCH scheduled by a RAR UL grant without
repetitions.

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

inslot n+k, + A, where k, and A are provided in [6, TS 38.214].
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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 Ny, +Np, +0.5 msec, where N, isatime duration of N, symbols corresponding to a PDSCH processing time for

UE processing capability 1 when additional PDSCH DM-RS is configured, N, is atime duration of N, symbols

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

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

8.4 PDSCH with UE contention resolution identity

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

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

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

Ifa UE

- is not provided CORESETPoollndex 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 CORESETS on active DL BWPs of the serving
cells, and

- is provided ACKNACKFeedbackMode = SeparateFeedback
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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
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

- a PUSCH 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 CSlI 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 £, UCI of same type
that the UE would transmit in PUCCHs in different slots with SCS configuration r, if @, <p,.

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 CSl in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK
information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHSs 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 PUSCHSs 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 PUSCHSs, 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 PUSCHes 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 DA field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the
multiple slots where the UE multiplexes HARQ-ACK information.

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. If the UE is indicated to generate two HARQ-ACK codebooks

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

- 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-
ACK codebooks, the UE is indicated by harg-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook
index for multiplexing the corresponding HARQ-ACK information bit.
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In the remaining of this Clause, reference is to one HARQ-ACK codebook.
If a UE detects a DCI format 1_1 indicating

- SCell dormancy, as described in Clause 10.3, 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 indicating SCell
dormancy 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 O 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-RNTI.

9.1.1 CBG-based HARQ-ACK codebook determination

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

maxCodeBlockGroupsPerTransportBlock indicating a maximum number Nﬁf\ggi"g; of CBGs for generating respective

HARQ-ACK information bits for a transport block reception for the serving cell.

For a number of C 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

Nﬁiggim =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.

The HARQ-ACK codebook includes the Njazo ek HARQ-ACK information bits and, if NSSST®, | < NSESTE™ for

a transport block, the UE generates a NACK value for the last N Re0 ack — Nijano ack HARQ-ACK information bits

for the transport block in the HARQ-ACK codebook.

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

If a UE correctly detects each of the Nﬁiggf‘ACK CBGs and does not correctly detect the transport block for the

NSEeT® . CBGs, the UE generates a NACK value for each of the N ang ack CBGs.

HARQ-ACK

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.
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If the UE is provided pdsch-AggregationFactor and no entry in pdsch-TimeDomainAllocationList includes RepNumR16
in PDSCH-TimeDomainResourceAllocation, Npceeq: is a value of pdsch-AggregationFactor; otherwise Njoaen = 1.
The UE reports HARQ-ACK information for a PDSCH reception

- fromslot n — Njypea; + 1 toslot n, if Nppeay > 1, or

- fromslotn — RepNumR16 + 1 to slot n, if the Time domain resource assignment field in the DCI format
scheduling the PDSCH reception indicates an entry in pdsch-TimeDomainAllocationList containing
RepNumR16, or

- inslot n, otherwise

only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot n + 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 dl-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 n + k, the UE sets
a value for each corresponding HARQ-ACK information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for
- a SPS PDSCH release indicated by DCI format 1_0 with counter DA 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

withinthe 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 N2k to the number of serving cells configured to the UE
Set NSPS to the number of SPS PDSCH configuration configured to the UE for serving cell ¢

Set NP 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
DL

while ¢ < Neajis

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

while s < NSPS
Set np = 0 —slot index
while n;, < NPt

if UE is configured to receive a SPS PDSCH in slot nj, for SPS PDSCH configuration s on serving
cell ¢, and the SPS PDSCH is required to be received among overlapping SPS PDSCHs, if any
according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a
slot according to [6, TS 38.214]

0/*“" = HARQ-ACK information bit for this SPS PDSCH reception
j=it1
end if
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np =np+1,;
end while
s=s+1,
end while
c=c+1;

end while

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

For a serving cell C, an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of
M, . occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK
information in a PUCCH in slot n, . If serving cell C is deactivated, the UE uses as the active DL BWP for
determining the set of M, . occasions for candidate PDSCH receptions a DL BWP provided by
firstActiveDownlinkBWP-1d. The determination is based:

a) on a set of slot timing values K, 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 C, K, is 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 C, K, is provided by dl-
DataToUL-ACK for DCI format 1 1

b) on aset of row indexes R of atable 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 K, 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 z, and the uplink SCS configuration z,,

provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL
BWHP, respectively

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

e) if CA-slot-offset is provided, on NO% ofsetc aNd Hossetprc fOr serving cell ¢, or on Nk ogrser N Kogrsertr, TOT the

cell of PUCCH transmission, as described in [4, TS 38.211].
Ifa UE

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

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

- is provided ACKNACKFeedbackMode = JointFeedback

where

- aserving cell is placed in a first set S, of N2 serving cells if the serving cell includes a first CORESET, and

cells
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- aserving cell is placed in a second set S; of NcDeh‘S1 serving cells if the serving cell includes a second CORESET,
and

- 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 for the set S, and the set S; of serving cells separately by setting
N2 = NPLO and NPL = NPL1 i the following pseudo-code. The UE concatenates the HARQ-ACK codebook

cells cells cells cells

generated for the set S, followed by the HARQ-ACK codebook generated for the set S; to obtain a total number of
Oack HARQ-ACK information bits..

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

Set M. =&

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

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

1k !

If a UE is not provided CA-slot-offset for any serving cell of PDSCH receptions and for the serving cell of
corresponding PUCCH transmission with HARQ-ACK information

while k < ¢(K,)
if mod (n,, - Ky, +1,max(2"# 1))=0
Set n, =0 —index of a DL slot within an UL slot
while ng < rrax(Z“fl‘”UL ,1)
Set R to the set of rows

Set ¢(R) to the cardinality of R

Set =0 —index of row in set R

if slot n starts at a same time as or after a slot for an active DL BWP change on serving cell C or an active

UL BWP change on the PCell and slot \_(nU - Kl,k)~ 240w J+ Ny is before the slot for the active DL BWP
change on serving cell C or the active UL BWP change on the PCell

nD = nD + 1,
else
while r <Z(R)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each slot from slot L(nU - Ky, ) 21 J+ Ny — NpPet +1 to slot L(nu - Ky ) 24ocHu J+ Ny, at
least one symbol of the PDSCH time resource derived by row r is configured as UL where K, is the

k-th slot timing value in set K, ,
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R=R\r:
else
r=r+1;
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R#
My =M, Uj;
i=i+1;
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else

Set ¢(R) to the cardinality of R
Set M to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of R
while R#J
Set r=0
while r <¢(R)
if S<m for start OFDM symbol index S forrow r

br,k,nD = J ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row r

R=R\r;
B=BUb

kK
else
r=r+l1;
end if
end while
Muc =M, UJ;
i=J+1
Set M to the smallest last OFDM symbol index among all rows of R ;
end while
end if
np =np + 1;
end if

end while
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end if

k=k+1;
end while
else

while k <¢(K,)

: d( ( Mo ~Hoo ))_ Nslﬁ;t,offset Ns%gt,offset,c u
if Mo Ny - Kl'k +1,max|2 1))=0 mod <nU - Klrk + l(zﬂoffset,UL - Zﬂoffset,DL,c) "2 ULJ +
1, max (2#UL~HDL, 1)) =0
Set n, =0 —index of a DL slot within an UL slot
while ny < max(Z"E*"’m ,l)
Set R to the set of rows

Set ¢(R) to the cardinality of R

Set =0 —index of row in set R

if slot n, starts at a same time as or after a slot for an active DL BWP change on serving cell C or an active UL

pL - N;’é’ 0 se

BWP change on the PCell and slot \_(nu —K,, )20t J+ Ny |[(ny — Kyy) - 2#PLHUL] + l(% -
Ns%(L)t,offset,c) . Z“DLJ +
2Hoffset,DLc Np

is before the slot for the active DL BWP change on serving cell C or the active UL BWP change on the

PCell

TLD = TLD + 1,
else

while r <¢(R)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each slot from slot I_(nU - Kl,k)' 2/ J+ Np — Neveen +1 [(ny — Ky ) - 2#01=HuL | +

UL DL
| (Socorrer _ Mltorreec) . qune| 4 m, — gD’ + 1 tosiot |(ny — Ky )2 Jen,

oHoffset,UL - 2Hoffset,DLc

DL

UL
- Nslot,offset Nslot,offset,c
|(ny — Ky ) - 2#pLHUL| 4+ l(zuometm — Horrernie ) 2Pk | + np, at least one symbol of the

PDSCH time resource derived by row r is configured as UL where K,, is the k-th slot timing value

inset K, ,
R=R\r;
else
r=r+1;
end if

end while

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

MA,C :MA,ch;
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j=i+1

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

else

Set ¢(R) to the cardinality of R

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

while R#J
Set r=0
while r <6’(R)

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

br,k,nD = J ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row r

R=R\r;
B=BUb,,, ;
else
r=r+1;
end if
end while
Mue =M, UJ;
I=+1
Set M to the smallest last OFDM symbol index among all rows of R ;
end while
end if
np =np+1;
end if
end while
end if
k=k+1;
end while

end if

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

receive more than one PDSCH in a same DL slot.

rknp !

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
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- the UE is configured with one serving cell, and

- M, )=1,and

- PDSCH-CodeBlockGroupTransmission is provided to the UE

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

If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by a DCI format 1_0 and if
- the UE is configured with more than one serving cells, or

- ¢Mm,.)>1,and

- PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE repeats Nﬁiﬁgi'gﬁ 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 N, 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 dl-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 harg-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK
information with value of ACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is provided.

A UE determines 50ACK, alACK,.-.,asf(i _, HARQ-ACK information bits, for a total number of O, 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 M of occasions for PDSCH reception or SPS PDSCH release

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

Set ¢=0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cells including, when
applicable, cells in the set S, and the set S;

Set j=0- HARQ-ACK information bit index

Set NP:

cells

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

while ¢ < N2,

Set m=0 — index of occasion for candidate PDSCH reception or SPS PDSCH release
while m< M,
if harg-ACK-SpatialBundlingPUCCH is not provided, PDSCH-CodeBlockGroupTransmission is not

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

5J-ACK = HARQ-ACK information bit corresponding to a first transport block of this cell;
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Release 16
i=17+1

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

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

serving cell c,

GJ-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;

j=i+1

elseif PDSCH-CodeBlockGroupTransmission is provided, and N aro acke CBGs are indicated by

maxCodeBlockGroupsPerTransportBlock for serving cell ¢,

Set Nggg = 0 - CBG index

. CBG/TB, max
while Negg < Ngaro- acke

ajlf‘llc(:se
if the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport
blocks for the active DL BWP of serving cell ¢

= HARQ-ACK information bit corresponding to CBG Ngg; of the first transport block;

0/ eememn = HARQ-ACK information bit corresponding to CBG Ngge Of the second
i+ncee +NHarg-AcK ¢

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

j=J+Ni. - Niamoack.c » where Ny is the value of maxNrofCodeWordsScheduledByDClI for the

active DL BWP of serving cell c;

else

0/ = HARQ-ACK information bit of serving cell c;
I=i+%
end if
m=m+1;
end while
c=C+1;

end while
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If Opcic +Osg +Ocq <11, the UE determines a number of HARQ-ACK information bits Nny,pq ack fOr Obtaining a

N2 1M -1 N2 1M -1
P - - ived ived,CBG
transmission power for a PUCCH, as described in Clause 7.2.1, as Nyapgack = E E Noe "+ E E \
c=0 m=0 c=0 m=0

where

N received
- m,c

is the number of transport blocks the UE receives in PDSCH reception occasion m for serving cell ¢ if

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

is the number of CBGs the UE receives in a PDSCH reception occasion m for serving cell ¢ if

PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format 1_1
and the UE reports corresponding HARQ-ACK information in the PUCCH.

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

received,CBG
N m,c

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 dl-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 harg-ACK-
SpatialBundlingPUCCH is replaced by harg-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 M_ occasions for candidate PDSCH receptions in which case the

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

A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH
reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH
monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.

A UE does not expect to detect a DCI format switching a DL BWP within N, symbols prior to a first symbol of a
PUSCH transmission where the UE multiplexes HARQ-ACK information, where 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
VU5 ., =1 except that harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-SpatialBundlingPUSCH. The UE

does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when V”% ., =0 unless the

UE receives only a SPS PDSCH release, or only a SPS PDSCH, or only a PDSCH that is scheduled by DCI format 1_0
with a counter DA field value of 1 on the PCell in the M_ occasions for candidate PDSCH receptions in which case the
UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described
in Clause 9.1.2. V., ., =0 if the DAI field in DCI format 0_1 is set to '0'; otherwise, V,°% ,, =1.

T-DAI

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.
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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 dl-
DataToUL-ACK,

- if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a
PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing
indicator field in the second DCI format, where

- if the UE is not provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second
DCI format in any PDCCH monitoring occasion after the first one

- if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI
format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-
ACK information report for a same PDSCH group index as indicated by the first DCI format as described in
Clause 9.1.3.3

- if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE detects the second DCI format in
any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-
ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK
codebook, as described in Clause 9.1.4.

- otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH
transmission.

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 C, as described in Clause 10.1, and for which the UE transmits HARQ-
ACK information in a same PUCCH in slot N based on

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

- slot offsets K, [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
CORESETSs 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 CORESETS 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.

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 M, 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 m and is updated from PDCCH monitoring occasion
to PDCCH monitoring occasion.

Denote by N2y, the number of bits for the counter DAI and set Tj, = 2Ne“oar, Denote by VCD_"DA.,CYm the value of the
counter DAL in a DCI format scheduling PDSCH reception or SPS PDSCH release on serving cell C in PDCCH
monitoring occasion M according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by VTD,LDA,Ym the value of the total DAI in
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a DCI format in PDCCH monitoring occasion M according to Table 9.1.3-1. The UE assumes a same value of total
DAL 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
0, 0
code:

o+ Ogack_, , for a total number of O, HARQ-ACK information bits, according to the following pseudo-

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 Vtemp = 0

Set V,

temp2

=0

Set V, =0

Set NCZ,L,S to the number of serving cells configured by higher layers for the UE

- if, for an active DL BWP of a serving cell, 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, and is provided ACKNACKFeedbackMode = JointFeedback, the
serving cell is counted two times where the first time corresponds to the first CORESETS and the second time

corresponds to the second CORESETs

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

while m<M

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

while ¢ < N2i.

if PDCCH monitoring occasion M is before an active DL BWP change on serving cell C or an active UL
BWP change on the PCell and an active DL BWP change is not triggered in PDCCH monitoring occasion M

c=c+1.

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

<V,

if VCID—IbAl,c,m temp
j=j+1
end if

_y\/DL
Vtemp _VC—DAI,c,m

DL _
if VT—DAI,m - @
_\/DL
Vtempz _VC—DAI,c,m
else
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V,

_\s/DL
temp2 _VT—DAI,m

end if

if harg-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 oL
2Tp j+2(Ve parcm=1
this cell

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

~ACK
. DL
2:Tp-j+2(Veparem—1)+1

block of this cell

= HARQ-ACK information bit corresponding to the second transport

Vo =Vou{2-Tp - j+2(V2%a1em — 1), 2-Tp - j + 2(VE S arem — 1) + 1}

elseif harg-ACK-SpatialBundlingPUCCH is provided to the UE and M 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,

~;1g'lj'+VcDLDA1 _, = binary AND operation of the HARQ-ACK information bits corresponding to
the first and second transport blocks of this cell
Vo =V, U{Tp - j + Varem — 1)
else

gAcK , = HARQ-ACK information bit of this cell

TD'J""V(%)—LDAI,c,m_
— . DL
Ve = Vo U{Tp - j + V%arem — 1}

end if

end if

c=c+1

end if

end while

m=m+1

end while

if Vtempz <V,
j=j+1

end if

emp

if harg-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,

else

04K = 2. (TD Jj+ VtempZ)

04K =Ty -j + Viempa
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end if
= NACK forany i e{01,..,0°K —1}\V,
Set =0

c< Ncells

while
if a single SPS PDSCH reception is activated for a UE and the UE is configured to receive SPS PDSCH in a slot
n-K,, forserving cell C, where K, is the PDSCH-to-HARQ-feedback timing value for SPS PDSCH on
serving cell C

OACK — OACK +1

0niex_, = HARQ-ACK information bit associated with the SPS PDSCH reception

end if
c=c+l1;
end while

If multiple SPS PDSCH receptions are activated for a UE and the UE multiplexes corresponding HARQ-ACK
information in the PUCCH in slot n, the UE generates the HARQ-ACK information as described in Clause 9.1.2 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
maxNrofCodeWordsScheduledByDCl is 2, the HARQ-ACK information is associated with the first transport block and
the UE generates a NACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is not provided and

generates HARQ-ACK information with value of ACK for the second transport block if harg-ACK-
SpatialBundlingPUCCH is provided.

If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the NCDE,LIS 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 O,q +Ogs + O <11, the UE determines a number of HARQ-ACK

information bits Nyarg-ack for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as

— — cells DL cells M-1 recelved
MHARQ-ACK = MHARQ-ACKTB = (( DAL Mgt ~ Lem UDAI,C) mOd(TD)) Nigimax + X2 (ZMoh Ny + Nps,c)

where

- if N2 =1, V[)D,hm is the value of the counter DAL in the last DCI format scheduling PDSCH reception or

cells

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

- if NPE >

cells

- if the UE does not detect any DCI format that includes a total DA field in a last PDCCH monitoring
occasion within the M PDCCH monitoring occasions where the UE detects at least one DCI format
scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell C V[E)ALIm is the value

of the counter DA 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
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PDSCH reception or indicating SPS PDSCH release for any serving cell C, V[E’,f,,mlaa is the value of the total
DAL in the at least one DCI format that includes a total DA field

- VD[),;,% =0 if the UE does not detect any DCI format scheduling PDSCH reception or indicating SPS PDSCH

release for any serving cell C in any of the M PDCCH monitoring occasions.

- U paic 1S the total number of a DCI format scheduling PDSCH reception or indicating SPS PDSCH release that

the UE detects within the M PDCCH monitoring occasions for serving cell C. Upy,. = 0 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.

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

- NV 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 C if 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 if harg-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.

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

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

Ifa UE

- is provided PDSCH-CodeBlockGroupTransmission for NC'i,L,;CBG serving cells; and

- is not provided PDSCH-CodeBlockGroupTransmission, for N2:™® serving cells where

DLTB DL.CBG __ DL
Ncells + Ncells - Ncells

the UE determines the 6,'°,6,**...,0 (ffcﬁ , according to the previous pseudo-code with the following modifications

NDL

cells

is used for the determination of a first HARQ-ACK sub-codebook for

- SPS PDSCH release,
- SPS PDSCH reception,
- DCI format 1_1 indicating SCell dormancy, and

DL,CBG
cells

DL,TB
cells

- for TB-based PDSCH receptions on the N serving cells and on the N serving cells,

DL.CBG
cells

_ NDL

cells

the N2-CBC serving cells for CBG-based PDSCH receptions, and

cells

is replaced by N for the determination of a second HARQ-ACK sub-codebook corresponding to

- if, for an active DL BWP of a serving cell, the UE is not provided CORESETPoollIndex 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, and is provided ACKNACKFeedbackMode = JointFeedback, the
serving cell is counted as two times where the first time corresponds to the first CORESETSs and the second time
corresponds to the second CORESETS, and
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- instead of generating one HARQ-ACK information bit per transport block for a serving cell from the
Noic®® serving cells, the UE generates N Gaeo ackmx HARQ-ACK information bits, where

N an0 ek e 1S the maximum value of N - NSRoo ek . across all N ¢ serving cells and Ny, is

the value of maxNrofCodeWordsScheduledByDCI for serving cell C. If for a serving cell C itis

N e - Nijamo acke < Naro ack.mx » the UE generates NACK for the last

Nﬁiigi\?gm -Np. - Nﬁiﬁgﬁ@ﬁvc HARQ-ACK information bits for serving cell C

- the pseudo-code operation when harg-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

If OACK +OSR +OCSI <1 s the UE also determines nHARQ—ACK = nHARQ—ACK,TB + nHARQ—ACK,CBG for Obtaining a
PUCCH transmission power, as described in Clause 7.2.1, with
DL,CBG DL .
_ DL Neell -1 ..CBG CBG/TB,max Neelis—1 oM—1 prreceived,CBG
MHARQ-ACK,CBG = ((VDALm]ast —Lclo UDAI,C) mOd(TD)> NiARQ-ACK.max T Zeso.  Zm=0Nm,c
where

- if Ngiis =1, Voaim,, is 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

- if Ngiig>1, Voaim., is 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

- VDDAL,’mIai =0 if the UE does not detect any DCI format scheduling CBG-based PDSCH reception for any

serving cell C in any of the M PDCCH monitoring occasions

- ugf;,?c is the total number of DCI formats scheduling CBG-based PDSCH receptions that the UE detects
within the M PDCCH monitoring occasions for serving cell C. Uga>, =0 if the UE does not detect any

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

N,:fCCEi"Ed‘CBG 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 m for serving cell C and
the UE reports corresponding HARQ-ACK information in the PUCCH

Table 9.1.3-1: Value of counter DAI for N2y, = 2 and of total DA

DAI Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
VPE o or V.BE PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB C-DAI T-DAI i
SPS PDSCH release is present, denoted as Y and Y >1
0,0 1 Y -—1D)modTp+1=1
0,1 2 Y —-1)modTp+1=2
1,0 3 Y —1)modTp+1=3
1,1 4 Y —1)modTp+1=4
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Table 9.1.3-1A: Value of counter DAl for N2Lp,, =1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI VCD}DAI PDSCH transmission(s) associated with PDCCH or PDCCH indicating
SPS PDSCH release is present, denoted as Y and Y >1
0 1 Y —-1DmodTp+1=1
1 2 Y —-—1DmodTp+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, or DCI format 1_1 indicating SCell dormancy on any serving cell ¢ and the
UE does not have HARQ-ACK information in response to a SPS PDSCH reception, or in response to a detection
of a DCI format 1_1 indicating SCell dormancy, 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 harg-ACK-
SpatialBundlingPUCCH is replaced by harg-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 ¢
and M loops, the UE sets Vg, =Vpa Where VUL is the value of the DAL field in DCI format 0_1 according to
Table 9.1.3-2

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

- harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-SpatialBundlingPUSCH.

If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by
DCI format 0_1 with DAI field value V;”,, =4 and the UE has not received any PDCCH within the monitoring
occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH
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.

If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI
format 0_1 with first DAI field value V;,, =4 or with second DAI field value V;’,, =4 and the UE has not received
any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or with DCI format 1_1, respectively,
for scheduling PDSCH receptions or SPS PDSCH release, or DCI format 1_1 indicating SCell dormancy, 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 for the first sub-
codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
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Table 9.1.3-2: Value of DAl in DCI format 0_1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI uL PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB Vi oai SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
present, denoted as X and X >1
0,0 1 (X —1)mod 4+1=1
0,1 2 (X =1)mod 4 +1=2
1,0 3 (X -1)mod 4+1=3
11 4 (X -1)mod 4+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 index field in a DCI format. If the DCI format schedules PDSCH reception and
does not include a PDSCH group index field, set g = 0.

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

Set k 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 k 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 hl9+Dmod2 4y 10 a value of a second New_Feedback indicator field, if any, in a DCI format providing a value of g

Set V,0FrDmod2 14 the value of a total DAI field for group (g + 1)mod2, if any, in a DCI format providing a value of g
Set g to the value of a number of requested PDSCH group(s) field, if any

Generate first HARQ-ACK information for PUCCH transmission occasion i(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 value
of g, 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(g)

If hlg+Vmod2 gy = @ or h9+Dmod2( gy = h((g + 1)mod2), generate second HARQ-ACK information for PUCCH
transmission occasion i((g + 1)mod2) 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 + )mod2, of h((g + 1)mod?2), if any

- at least one of the DCI formats provides a h((g + 1)mod?2) value

- m = 0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value
of (g + 1)mod2, 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((g + 1)mod2)

- the PUCCH transmission occasion i((g + 1)mod?2) is a last one for multiplexing second HARQ-ACK
information and it is not after PUCCH transmission occasion i(g)
- i YImed g 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 Viepp, = y g+ medz gor noth sub-codebooks, if any.
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If Rlg+Dmod2 gy =+ ¢ and h(9+D™mod2(g) = h((g + 1)mod2), generate second HARQ-ACK information, as described
in Clause 9.1.3.1, by setting V"1 = 0 for all ¢ and all 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 Viemp2

_ y(g+1)moaz
- VDAI .

If g = 0, the UE

includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion i(g)

elseifg =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 i(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 DCI
format or is scheduled by a DCI format that does not include a DCI field with value Vix

for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without UL-TotalDAI-Included-r16 configured except that for PDSCH group g, the DCI field with value
Vo 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, and when the HARQ-ACK information multiplexed in the PUCCH
transmission occasion i(g) does not include HARQ-ACK information for PDSCH group (g + 1)mod2

for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without UL-TotalDAI-Included-r16 configured except that for PDSCH group g = 0, the DCI field with
value VY% 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, and when the HARQ-ACK information multiplexed in the
PUCCH transmission occasion i(g) includes HARQ-ACK information for PDSCH groups g and (g + 1)mod2

for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without UL-TotalDAI-Included-r16 configured except that for PDSCH group g = 0, the DCI field with

value VDUALI 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, and when the UE has not detected any DCI format

scheduling PDSCH receptions, and the UE has not detected any DCI format with a request for HARQ-ACK
information for any PDSCH group

for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format with UL-TotalDAI-Included-r16 configured except that MSBs of the DCI field with value Vx in the
DCI format are used for PDSCH group g = 0, and LSBs of DCI field with value Vya; in the DCI format are
used for PDSCH group g = 1, after the completion of the ¢ and m loops for the pseudo-code for the HARQ-
ACK codebook generation in Clause 9.1.3.1.

If a UE is scheduled a PUSCH transmission by DCI format 0_1 having a DA field value V3A; = 4 for a PDSCH group
index, and the UE has not detected any DCI format scheduling PDSCH receptions for the PDSCH group index, and the
UE has not detected any DCI format with a request for HARQ-ACK information for the PDSCH group index, the UE
does not multiplex HARQ-ACK information in the PUSCH transmission for the PDSCH group index.

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 that the UE detects after a last PUCCH transmission occasion for
g = 0includes a New_Feedback indicator field for g = 0, and at least one of the DCI formats is DCI format 1_0, the
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UE generates HARQ-ACK information only for PDSCH receptions scheduled by detections of DCI format 1_0, 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.

9.1.4  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 N2&L to the number of serving cells
Set NfArq,c to the value of nrofHARQ-ProcessesForPDSCH for serving cell ¢, if provided; else, set NQArq. = 8

Set NT[’BEC to the value of maxNrofCodeWordsScheduledByDCI for serving cell ¢ if harq-ACK-SpatialBundlingPUCCH
is not provided; else, set NP, = 1

Set Ny ana-Acics 10 the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell c as

described in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ¢ and pdsch-HARQ-

ACK-OneShotFeedbackCBG-r16 is provided; else, set Nyypo acics = 0

Set NDIyarq = 0 if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set NDIgarq = 1
Set ¢ = 0 —serving cell index
Set h = 0 — HARQ process number
Sett = 0 — TB index
Set g = 0 — CBG index
Setj=0
while ¢ < N2k

while h < Nfaro,e

. CBG/TB,max
if Njarg-acke > 0

while t < NPE.

: CBG/TB,max
while g < NyaRrQ-AcKc

ajACK = HARQ-ACK information bit for CBG g of TB t for HARQ process number h of
serving cell ¢
j=jt+t1
g=g+1
end while
6J‘ACK = NDI value indicated in the DCI format corresponding to the HARQ-ACK information
bit(s) for TB t for HARQ process number h on serving cell ¢, if any; else, ajACK =0
g=0
j=j+1
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t=t+1
end while
else
while t < Nf§.
5jACK = HARQ-ACK information bit for TB ¢ for HARQ process h of serving cell ¢
j=j+1
5,-ACK = NDI value indicated in the DCI format corresponding to the HARQ-ACK information
bit(s) for TB t for HARQ process number h on serving cell c, if any; else, (~JjACK =0
j=j+1
t=t+1
end while
end if
t=20

else

: CBG/TB,max
if Nijarg-ack.c

>0
while t < NBk,

if UE has reported HARQ-ACK information for TB ¢ for HARQ process number h on serving cell
¢, and has not subsequently detected a DCI format scheduling a PDSCH reception, or received
a SPS PDSCH, with TB t for HARQ process number h on serving cell ¢

. CBG/TB,max
while g < Nyarq-ack.c

6% = NACK
j=j+1
g=g+1

end while

end if

if UE has obtained HARQ-ACK information for TB t for HARQ process number h on serving cell
¢ corresponding to a PDSCH reception and has not reported the HARQ-ACK information
corresponding to the PDSCH reception

. CBG/TB,max
while g < NHARq_ACK‘C

0,"“ = HARQ-ACK information bit for CBG g of TB ¢ for HARQ process number h of
serving cell ¢

j=j+1
g=g+1

end while
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end if
g=0
t=t+1
end while
else
while t < Nf§.

if UE has reported HARQ-ACK information for TB ¢ for HARQ process number h on serving cell
¢ and has not subsequently detected a DCI format scheduling a PDSCH reception, or received
a SPS PDSCH, with TB t for HARQ process number h on serving cell ¢

0% =NACK
j=j+1
t=t+1

end if

if UE has obtained HARQ-ACK information for TB t for HARQ process number h on serving cell
¢ corresponding to a PDSCH reception and has not reported the HARQ-ACK information
corresponding to the PDSCH reception

5J-ACK = HARQ-ACK information bit for TB t for HARQ process h of serving cell ¢
j=j+1
t=t+1
end if
end while
end if
t=20
end if
h=h+1
end while
h=0
c=c+1
end while
If a UE receives a SPS PDSCH, or a PDSCH that is scheduled by a DCI format 1_0 for a serving cell ¢ and if

maxCodeBlockGroupsPerTransportBlock is provided for serving cell ¢, and pdsch-HARQ-ACK-

OneShotFeedbackCBG-r16 is provided, the UE repeats Ny ary. aci. times the HARQ-ACK information for the

transport block in the PDSCH.

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.
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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 PUCCHSs 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.

If a UE is provided ACKNACKFeedbackMode = SeparateFeedback, the UE may transmit up to two PUCCHSs 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].

9.2.1 PUCCH Resource Sets

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

transmission of HARQ-ACK information on PUCCH in an initial UL BWP of Néic\e,P PRBs.

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration,
a PRB offset RBgffve; , 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 Ihccp,

_ 2: Nece,o : i
0<1oycen <15, as hhyeen = +2-Apg, Where N isanumber of CCEs in a CORESET of a PDCCH

N CCE

reception with the DCI format, as described in Clause 10.1, Nece o is the index of a first CCE for the PDCCH reception,

and Apg, is a value of the PUCCH resource indicator field in the DCI format.

If [ Foucen/8 /=0 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 RBe +|_rPUCCH/NCSJ and the

PRB index of the PUCCH transmission in the second hop as N, —1—RB% _l_rPUCCH/NCSJ , where Ngg is
the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as Ioyccy Mod N¢g

If [ royeen/8]=1 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
uselnterlacePUCCHCommon-r16
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the UE determines the PRB index of the PUCCH transmission in the first hop as
N3z _1—RBI® | (r,ccn—8)/Ngs | and the PRB index of the PUCCH transmission in the second hop as

RBg\f/sve; + \_(rPUCCH - 8)/ NCSJ

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

the UE determines for the PUCCH resource an interlace index m as m = (my + |1pyccu/Nes|)modM where M
is a number of interlaces [4, TS 38.211] and m, = RBSE is an interlace index offset and RBSIss® is as given in
Table9.2.1-1

the UE determines an initial cyclic shift index in a set of initial cyclic shift indexes as rpyccymodN¢s, Where Neg
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 O if rpyccy = 10
- index 1 or 2: the first symbol is 9 for a PUCCH resource with PUCCH format 0 if rpyccy = 15

- index 3, 7, or 11: an orthogonal cover code with index 1 is used for a PUCCH resource with PUCCH format
1if TpuccH >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 RBCE: %est ionfd'g)'(t('eil
1 0 12 2 0 {0, 4, 8}
2 0 12 2 3 {0, 4, 8}
4 1 10 4 0 {0, 3, 6, 9}
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 \_N;'\Z;,P/H {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
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- 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
- anindex of an RB set by rb-SetIndex, 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 a UE is provided uselnterlacePUCCH-Dedicated-r16, the UE determines available RBs for PUCCH transmissions as
the intersection of RBs corresponding to an interlace index provided by interlace0 and, if provided, interlacel, and RBs

of an RB set provided by rb-Setindex. The intersection results in M vait. o RBs in the first interlace and the UE expects
Pucch | RBs in the second

that MEPSSE. o is either 10 or 11. If interlacel is provided, the intersection results in Mpgocit. |

interlace,0

interlace and the UE expects that MPUSSH s either 10 or 11.

interlace,

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

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for a PUCCH resource is
PUCCH format 2 or PUCCH format 3, respectively, where the PUCCH resource also includes a number of PRBs
provided by nrofPRBs, a number of symbols for a PUCCH transmission provided by nrofSymbols, and a first symbol
for the PUCCH transmission provided by startingSymbolIindex. If a UE is provided by uselnterlacePUCCH-Dedicated -
rl16, and the format indicates PUCCH-format2-r16 or PUCCH-format3-r16, the PUCCH resource also includes, 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-format3-r16, the UE assumes that the Mg " [4, TS38.211] PRBs with the lowest
indexes within the first, and if configured, second interlace are used for PUCCH transmission.

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 startingSymbollndex.

A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by PUCCH-
ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetld, with a set of
PUCCH resource indexes provided by resourceList that provides a set of pucch-Resourceld used in the PUCCH
resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the
PUCCH resource set provided by 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 O, UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH
resource set to be

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

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

- asecond set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if 2<Oy;, <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
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a third set of PUCCH resources with pucch-ResourceSetld = 2, if provided by higher layers, if N, <Oyc, <N,
where N is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-
ResourceSetld = 2; otherwise N, is equal to 1706, or

a fourth set of PUCCH resources with pucch-ResourceSetld = 3, if provided by higher layers, if
N, <Oy, <1706.

If the UE is provided SPS-PUCCH-AN-List and transmits Oyc; UCI information bits that include only HARQ-ACK
information bits in response to one or more SPS PDSCH receptions, the UE determines a PUCCH resource to be

a PUCCH resource with SPS-PUCCH-AN-ResourcelD = 0 if Oy < 2, or

a PUCCH resource with SPS-PUCCH-AN-ResourcelD = 1, if provided, if 2 < Oy¢; < N; sps Where Ny gpg IS
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-ResourcelD = 2, if provided, if Ny sps < Oyc; < Ny sps Where N ps
is 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-ResourcelD = 3, if provided, if N, sps < Oyc; < N3 gps Where Ny gpg
is 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 O 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 bhits 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

3GPP



Release 16 76 3GPP TS 38.213 V16.1.0 (2020-03)

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

transmit PUCCH in the first slot that is after slot k +3- NS4 where k is the slot where the UE would transmit a

slot

PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-
SpatialRelationInfo and « is the SCS configuration for the PUCCH

- If PUCCH-SpatialRelationlInfo provides ssh-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

Ifa 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 additionalDMRS.

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 dI-DataToUL-ACKForDCIFormatl_2 for DCI format 1_2, as defined in Table 9.2.3-1.

For a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot N+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 n+k where K is provided by dI-DataToUL-ACK, or by dl-
DataToUL-ACKForDCIFormatl_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 N or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending

in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n+k , where
K 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 dl-DataToUL-ACKForDCIFormatl_2 for DCI format1 2. k=0
corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH
reception in case of SPS PDSCH release.
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A PUCCH transmission with HARQ-ACK information is subject to the limitations for UE transmissions described in
Clause 11.1 and Clause 11.1.1.

Table 9.2.3-1: Mapping of PDSCH-to-HARQ _feedback timing indicator field values to numbers of

slots
PDSCH-to-HARQ_feedback timing indicator Number of slots K
1 bit 2 hits 3 bits
‘0" ‘00’ 000" 15t value provided by dI-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
1 ‘01’ 001" 2"d value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
'10' 010" 3 value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
11" 011" 4% value provided by dI-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
100’ 5" value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
101" 6" value provided by dl-DataToUL-ACK or
by dI-DataToUL-ACKForDCIFormatl 2
110' 7t value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl_2
111" 8" value provided by dl-DataToUL-ACK or
by dl-DataToUL-ACKForDCIFormatl 2

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set
of PUCCH resources for O, HARQ-ACK information bits, as described in 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 dlI-DataToUL-ACKForDCIFormatl_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 CORESETSs 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 R, .. Of resourcelList 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 dl-DataToUL-ACKForDCIFormatl 2 for DCI format 1_2, indicating a same slot for the

PUCCH transmission, the UE determines a PUCCH resource with index rocops 0= hycen < Rpycen—1. as

n IR 8
ccE, p ’— PUCCH/ -‘ +Aoq .[RPUCCH—‘ if Aps < Rouoe, M08
Nece o 8
PUCCH
n IR 8
L L PUCCH/ J + Apgy - Reucer +Royccn Mod 8 if  Apg 2 Rpycey mod8
Nece, p 8

3GPP



Release 16 78 3GPP TS 38.213 V16.1.0 (2020-03)

where N is a number of CCEs in CORESET P of the PDCCH reception for the DCI format as described in

CCE,p
Clause 10.1, Ngce ,, is the index of a first CCE for the PDCCH reception, and A, is a value of the PUCCH resource
indicator field in the DCI format.

Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH

resource set with maximum 8 PUCCH resources

PUCCH resource indicator PUCCH resource |
1 bit 2 bits 3 bits
'0' '00' 000" 1t PUCCH resource provided by pucch-Resourceld obtained from the
15t value of resourcelList
' ‘or 001" 2" PUCCH resource provided by pucch-Resourceld obtained from the
2" value of resourceList
'10' 010" 3 PUCCH resource provided by pucch-Resourceld obtained from the
3" value of resourcelList
171 011" 4" PUCCH resource provided by pucch-Resourceld obtained from the
4" value of resourcelist
100" 5% PUCCH resource provided by pucch-ResqurceId obtained from the
5" value of resourcelList
101" 6" PUCCH resource provided by pucch-ResqurceId obtained from the
6™ value of resourceList
110" 7" PUCCH resource provided by pucch-ResqurceId obtained from the
7" value of resourceList
111" 8t PUCCH resource provided by pucch-ResqurceId obtained from the
8" value of resourcelList

If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with corresponding HARQ-
ACK information in a slot and also detects at a later time a second DCI format indicating a second resource for a
PUCCH transmission with 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) k-2 -T_ from the beginning of

a first symbol of the first resource for PUCCH transmission in the slot where, x and T, are defined in clause 4.1 of [4,
TS 38.211] and £¢ corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHSs

providing the DCI formats and the SCS configuration of the PUCCH. If processingType2Enabled of PDSCH-
ServingCellConfig is set to enable for the serving cell with the second DCI format and for all serving cells with
corresponding HARQ-ACK information multiplexed in the PUCCH transmission in the slot, N, =3 for #=0,

N, =45 for =1, N, =9 for =2 otherwise, N, =8 for £=0, N, =10 for =1, N, =17 for u=2,

N, =20 for £ =3.

If a UE is not provided SPS-PUCCH-AN-List 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 n1IPUCCH-AN.

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 0, the UE determines values m, and
me for computing a value of cyclic shift & [4, TS 38.211] where m, is 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 mg is

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

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

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

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided a value for m,

by initialCyclicShift of PUCCH-formatl 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 O,., HARQ-ACK information bits and O, bits using PUCCH format 2 or PUCCH
format 3 in a PUCCH resource that includes M55~ PRBs, the UE determines a number of PRBs M 5o for the

PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs MEECCH
provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
from the number of PRBs, that results to (Oag +Ogre ) < Migoa - N8 - NEWCH . Q,, -1 and, if MESCH>1,

sc,ctrl Y

PUCCH RB PUCCH RB PUCCH . .
(OACK+OCRC)>('V|RB,mn —1)‘ Negrn * Noyms-uci *Qm T where Nz, Ny, Qo and I are defined in Clause

9.2.5.2. For PUCCH format 3, if M ;’;’?ncm“ is not equal 2“2 -3 -5% according to [4, TS 38.211], M ;g?ﬁ,’f is

increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If
(Opck +Ocrc) > (MELEH —1). NP8 - NPUSSH, Q. -1 , the UE transmits the PUCCH over MZY" PR,

sc,ctrl

If a UE is provided a first interlace of M o o PRBs by interlace0 in InterlaceAllocation-r16 and transmits a PUCCH

with 0,cx HARQ-ACK information bits and O¢gc bits using PUCCH format 2 or PUCCH format 3, the UE transmits
the PUCCH over the first interlace if (Oack + Ocre) < Miniariace0 * Necotrt - Neymivuct - @m - 73 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.

9.2.4 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
configured a periodicity SRyczopicry 1N Symbols or slots and an offset SR,.-s; in slots by periodicityAndOffset for a

PUCCH transmission conveying SR. If SR,zonicry 1S 1arger than one slot, the UE determines a SR transmission
occasion in a PUCCH to be in a slot with number n;} [4, TS 38.211] in a frame with number n; if

(nf o N e, p NSt — SRorrser )mOd SReeriopicry = 0.

slot
If SRocrionicry 1S ONe slot, the UE expects that SR, =0 and every slot is a SR transmission occasion in a PUCCH.

If SRocrionicry 1S 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 (I —I, mod SRPER,OD,C,W)mod SReeriopicy =0 where | is the value of
startingSymbollndex.

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

SR transmission occasions in a PUCCH are subject to the limitations for UE transmissions described in Clause 11.1 and
Clause 11.1.1.
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The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE
transmits a positive SR. For a positive SR transmission using PUCCH format 0, the UE transmits the PUCCH as
described in [4, TS 38.211] by obtaining m, as described for HARQ-ACK information in Clause 9.2.3 and by setting

m, =0. For a positive SR transmission using PUCCH format 1, the UE transmits the PUCCH as described in [4, TS
38.211] by setting b(0) =0.

9.25 UE procedure for reporting multiple UCI types

This 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 CSlI
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 CSl
report with the highest priority, among the CSI reports with corresponding resources from the remaining
resources, and a corresponding second resource as an additional resource for 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-ResourceL.ist, 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 PUSCHJ(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 S, of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies

the following timeline conditions

Tmux

- S, isnot before a symbol with CP starting after T;",’j,’g‘l after a last symbol of any corresponding PDSCH, T4
is given by maximum of {T"””“1 ou, T L } where for the i-th PDSCH with corresponding HARQ-ACK

proc,1’ » % proc,1?
mux,i __

transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHS, T .1 =
(Ny+dy; +1) - (2048 + 144) - k- 27" - T(, dy , is selected 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 u,
where u corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH
scheduling the i-th PDSCH (if any), the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission
for i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.

- S, isnot before a symbol with CP starting after 7,0 . 1eqse after a last symbol of any corresponding SPS

mux

PDSCH release or of a DCI format 1_1 indicating SCell dormancy as described in Clause 10.3. T}y oc release 1S
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given by maximum of {Tglf)’éﬁelease, e T eleaser } where for the i-th PDCCH providing the SPS PDSCH
release or the DCI format 1_1 with corresponding HARQ-ACK transmission on a PUCCH which is in the group
of overlapping PUCCHSs and PUSCHS, T} jpase = (N + 1) - (2048 + 144) - ic - 27# - T¢, N is described in

Clause 10.2 and is selected based on the UE PDSCH processing capability of the i-th SPS PDSCH release or the
DCI format 1_1 and SCS configuration u, where u corresponds to the smallest SCS configuration among the
SCS configurations used for the PDCCH providing the i-th SPS PDSCH release, the PUCCH with corresponding
HARQ-ACK transmission for i-th SPS PDSCH release or the DCI format 1_1, and all PUSCHs in the group of
overlapping PUCCHSs and PUSCHs.

- if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHSs and PUSCHs,
S, is not before a symbol with CP starting after T}, , 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;757 »is given by maximum

of {T;’;Zz'zl, -, T;’,?},‘jf"zi, -+ } where for the i-th PUSCH which is in the group of overlapping PUCCHs and
PUSCHSs, Tjrary = max ((N2 +dy+ 1) (2048 + 144) - k- 27H - T, dz_z), d,1and d, ,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 u, where u corresponds to the smallest SCS configuration among the SCS
configurations used for the PDCCH scheduling the i-th PUSCH (if any), the PDCCHs scheduling the PDSCHs
with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping
PUCCHSs/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;757 »is given by maximum of
(Tt .o Tl L } where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH

proc,2’ » proc,2’
which is in the group of overlapping PUCCHS, T,,707 = (N, + 1) - (2048 + 144) - i - 27# - T¢, N,is selected
based on the UE PUSCH processing capability of the PUCCH serving cell if configured. N, is selected based on
the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH
serving cell. u is selected based on the smallest SCS configuration between the SCS configuration used for the
PDCCH scheduling the i-th PDSCH (if any) with corresponding HARQ-ACK transmission on a PUCCH which
is in the group of overlapping PUCCHSs, 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,
S, is not before a symbol with CP starting after T™' g, = max((Z +d)-(2048+144). k-2 T, d, , ) after a

proc,CSI
last symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH scheduling a PDSCH, or SPS PDSCH release, or providing a DCI format 1_1 indicating SCell
dormancy 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 for u=0,1, d=3 for g =2 and d =4 for u=3
- N, N,,d,,d,, d,,,and Z aredefined in [6, TS 38.214], and K and T. are defined in [4, TS 38.211].

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCHJ(s) in a slot, one
of the PUCCHSs 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 S, of the earliest PUCCH or PUSCH satisfies

the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a
PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.

A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other
PUCCH or PUSCH that does not satisfy the above timing conditions.
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A UE that

- is not provided CORESETPoolIndex or is provided CORESETPoollndex 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 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 CORESETS. If there is one or more aperiodic CSI
reports multiplexed on PUSCHs in the group of overlapping PUCCHs and PUSCHSs and if symbol S, is before symbol

'™ that is a next uplink symbol with CP starting after Z'j s = (Z'+d)-(2048+144)-x-27 T after the end of the

ref

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

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

the UE is not required to update the CSI report for the triggered CSI report N. Z' is defined in [6, TS 38.214] and 4«

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 for
#=01,d=3for u=2and d=4 for u=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 PUCCHY(s) for transmission in
the slot according to the following pseudo-code. If the multiple PUCCHSs do not include HARQ-ACK information and
do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing
conditions do not apply.

If
- aUE 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

- 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

- aresource with earlier first symbol is placed before a resource with later first symbol
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- for two resources with same first symbol, the resource with longer duration is placed before the resource with
shorter duration

- for two resources with same first symbol and same duration, the placement is arbitrary

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

- 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
format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set Q if they overlap with

any resource from the resources for transmission of HARQ-ACK information

- if the UE is not provided simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of
HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

- resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded
from the set Q

- resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set Q if they
overlap with any resource from the resources for transmission of HARQ-ACK information

Set ¢(Q) to the cardinality of Q
Set Q(,0) to be the first symbol of resource Q(j) in the slot
Set L(Q(j)) to be the number of symbols of resource Q(j) in the slot
Set j =0 - index of first resource in set Q
Set 0=0 - counter of overlapped resources
while j<¢(Q)-1
if j <c(Q)-1 and resource Q(j—o) overlaps with resource Q(j+1)
0=0+1
j=j+1
else
if 0>0

determine a single resource for multiplexing UCI associated with resources {Q(j—0),Q(j—0+1)....,Q(j)} as
described in Clauses 9.2.5.1 and 9.2.5.2

set the index of the single resource to j

Q=Q\{Q(j -0),Q(i—0+1)....Q(i —1}

j=0 % start from the beginning after reordering unmerged resources at next step
0=0

order(Q) % function that re-orders resources in current set Q

Set ¢(Q) to the cardinality of Q

else
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j=j+1
end if
end if

end while

The function order (Q) performs the following pseudo-code

{
k=0
while k < J(Q)—l % the next two while loops are to re-order the unmerged resources
=0
while 1 <¢(Q)-1-k
if Q(1,0)>Q(I+1,0) OR (Q(1,0)=Q( +10) & L(Q(1))< L(Q( +1)))
temp =Q(l)
Q) =Q(+1)
QU +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
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.
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9.251 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH

In the following, a UE is configured to transmit K PUCCHS for respective K SRs in a slot, 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 CSlI 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 m, and m.g for computing a value of cyclic
shift @ [4, TS 38.211] where m, is provided by initialcyclicshift of PUCCH-format0, and m.g 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 Mes =3 Mes =9

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

HARQ-ACK Value {0, 0} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift Mes =1 Mes =4 Meg =7 mgg =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 O,., 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, [log ,(K +1)] bits representing a negative
or positive SR, in ascending order of the values of schedulingRequestResourceld and schedulingRequestIDForBFR, are
appended to the HARQ-ACK information bits and the UE transmits the combined O, = OACK+|—I092(K +1)-| UCI bits in

a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as
described in Clauses 9.2.1 and 9.2.3. If one of the SRs is a positive LRR, the value of the [log ,(K +1)] bits indicates

the positive LRR. An all-zero value for the [log , (K +1)] bits represents a negative SR value across all K SRs.

If a UE would transmit a PUCCH with O, CSI report bits in a resource using PUCCH format 2 or PUCCH format 3 or
PUCCH format 4 in a slot, ﬂog ,(K +1)—\ bits representing corresponding negative or positive SR, in ascending order of
the values of schedulingRequestResourceld and schedulingRequestiIDForBFR, are prepended to the CSI information
bits as described in Clause 9.2.5.2 and the UE transmits a PUCCH with the combined O, =|log, (K +1) ]+ Ocg, 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 is a positive LRR, the value of the [log ,(K +1)] bits indicates the positive LRR. An all-zero value for the

!_Iog 2(K +1)-‘ bits represents a negative SR value across all K SRs.
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If a UE transmits a PUCCH with O, HARQ-ACK information bits, O, =[log ,(K +1)] SR bits, and O.,. CRC bits

using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes M;gCCH PRBs, the UE determines a
number of PRBs M 55" 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 n(RB PUCCH . PUCCH
(OACK + 04z +OCRC)S Mg min * Nsgert * Nsymo-uci Qp 1 and, if Mgg—">1,

(Onck + O +Ocrc ) > (I\/I o —1)- No - Nonoooe - Qn T, where N&o, NEES, Qp,and I are defined in

sc,ctrl sc,ctrl 1
Clause 9.2.5.2. For PUCCH format 3, if M fg s not equal 2% - 3% -5% according to [4, TS 38.211], M g5 o'

is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If
(Onck +Ogg +Ocrc ) > (I\/I poceH —1)- Néo - Nonsoor - Qn - T, the UE transmits the PUCCH over the M FoCCH PRBs.

sc,ctrl

If a UE is provided a first interlace of MFUCCH ' PRBs by interlace0 in InterlaceAllocation-r16 and transmits a PUCCH

Interlace,0

with 0,cx HARQ-ACK information bits, Osg = [log, (K + 1)] SR bits, and Ocgc CRC bits using PUCCH format 2 or
PUCCH format 3, the UE transmits the PUCCH over the first interlace if (Oack + Osg + Ocre) < Mintorineeo * Neaoir -
Nioistict - @ - 75 otherwise, if the UE is provided a second interlace by interlacel in PUCCH-format2 or PUCCH-

S

format3, the UE transmits the PUCCH over the first and second interlaces.

9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

For a transmission occasion 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 first and second PUCCH-Config, multi-CSI-PUCCH-ResourceList is provided by the
first PUCCH-Config, and PUCCH-Resourceld in pucch-CSI-ResourceList or multi-CSI-PUCCH-ResourceList indicates
a corresponding PUCCH resource in PUCCH-Resource provided by the first PUCCH-Config.

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

- O, atotal number of HARQ-ACK information bits, if any

- Og atotal number of SR bits. Og, =0 if there is no scheduling request bit; otherwise, Oy, =[log,(K +1)] as
described in Clause 9.2.5.1

NG . . :
- Oy = D (Ocepatzn +Ocsi-paran)» Where Ocsy o is @ number of Part 1 CSI report bits for CSI report with

n=1
priority value N, Ocg_pazn i @ number of Part 2 CSI report bits, if any, for CSI report with priority value N

[6, TS 38.214], and Né"st?' is a number of CSI reports that include overlapping CSI reports

- Ocre =Ocre,csi-part1 T Ocre,csi-partz » Where Ocge coipans S @ number of CRC bits, if any, for encoding HARQ-
ACK, SR and Part 1 CSI report bits and Ocgc csi-par2 1S @ NUmber of CRC bits, if any, for encoding Part 2 CSI
report bits

In the following

- I isacode rate given by maxCodeRate as in Table 9.2.5.2-1.
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M EEC" is a number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,
where M FUH is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by nrofPRBs in PUCCH-
format3 for PUCCH format 3, and M/3°*"'=1 for PUCCH format 4

N RB

sc,ctrl

=NZP —4 for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an
orthogonal cover code with length N&“" provided by OCC-Length-ri6, Nio, = (NSFEB —4)/N§'FUCCH'2 ,
N&o, = NEP for PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal

sc,ctrl
cover code with length N&Y°“"* provided by OCC-Length-r16, N2, = NF® /NSV"*  and

sc,ctrl

N2 = NEB/NSPM* for PUCCH format 4, where N2® is a number of subcarriers per resource block [4, TS
38.211]

NS oer is equal to a number of PUCCH symbols N&-s*? for PUCCH format 2 provided by nrofSymbols in

PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, N§+5t, is equal to a number of PUCCH

PUCCH,3 PUCCH 4
N N

symbols N, for PUCCH format 3 or equal to a number of PUCCH symbols N .~ 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]

Qn =1 if pi/2-BPSK is the modulation scheme and Q,, =2 if QPSK is the modulation scheme as indicated by
pi2BPSK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, Q,, =2

If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where
the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH

if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with J <2
PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described
in 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 Q,, and configured code rate I ;

- if (Opck + O +Ocg +Ocre ) < (M PUCCH NRB . NPUSSH Q. -r)o, the UE uses PUCCH format 2 resource

scetrl © 'Nsymb-uct *
O , or the PUCCH format 3 resource O , or the PUCCH format 4 resource O

- else if (O +Ogg +Ocgy + Ogne ) > (MASSH . NP2, - NPUSH. Q. - r)j and

sc,ctrl

(Onck +Osg +Ocg +Ogre )< (M re NG NEee - Qn -r)M, 0< j<J -1, the UE transmits a

sc,ctrl

PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE
uses the PUCCH format 2 resource j +1, or the PUCCH format 3 resource j +1, or the PUCCH format

4 resource j+1

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

format 4 resource J —1 and the UE selects NS 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 Opgc +Ogg +Ocg +Ocre 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 dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormatl_2 for DCI format 1_2, indicating
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and

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 Oy, UCI bits

if (Oac +Osg +Ocer-pans + Ocrc.corpan) < MESTH - NEB - NPUSH. Qo the UE transmits the HARQ-ACK,

SR, and CSI reports bits by selecting the minimum number M ;;ﬁ,?n” of the MQECCH PRBs satisfying

PUCCH RB PUCCH - H
(Oncx + Ot + Oty pats + O cstpmn ) < MASSH NP8, NPUSH . 1 as described in Clauses 9.2.3 and
9.251:

else, the UE selects NEE°™ CSI report(s), from the NS csl reports, for transmission together with HARQ-

ACK and SR in ascending priority value [6, TS 38.214], where the value of N2 satisfies

d
\ feporte
csl

PUCCH £|RB PUCCH
OACK +OSR + ZOCSI-partl,n +OCRC,CSI-part1,N <M RB ) Nsc,ctrl : Nsyrrb-UCI 'Qm I and
n=1

rted
N repo
Csl

PUCCH n(RB PUCCH .
Oack +O0gs + ZOCSI-partl,n +Ocre,csi-patine |~ Mgs  *Nege - Noymp-vci *Qm T, Where OCRC,CSI-panl,N Isa
n=1

+1

N reported
csl

number of CRC bits corresponding to O,y +Ogr + ZOCS,_pam UCI bits, and OCRc,cg,._pam,Nﬂ is a number
n=1
N spoted 1
of CRC bits corresponding to Opcx +Og + ZOCS,_pmn UCI bits.

n=1

If a UE is provided a first interlace of MFUCCH ' PRBs by interlace0 in InterlaceAllocation-r16, the UE has HARQ-

Interlace,0

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

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

if (Oack + Osg + Ocsi—parti + Ocre.csipartt) < Mininee0 - Nesoit * Negmpvct - @ - 7, the UE transmits the

Interlace,0 * Vsc,ctrl ©

HARQ-ACK, SR, and CSI reports bits in a PUCCH over the first interlace

else, if the UE is provided a second interlace of Mggﬁgg,l PRBs by interlacel in PUCCH-format2 or PUCCH-
format3 and if (Oack + Osg + Ocsi—partt + Ocre.csipat1) < (Miisiseno + Misisen1) - NeBy - sl;lil%?UHCI QT

Interlace,0 Interlace, 1

the UE transmits the HARQ-ACK, SR, and CSlI 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
MESCCH with MPUSCH or, if the UE is provided interlacel, by MEUSCH "y pPUCCH

Interlace,0? Interlace,0 Interlace,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

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
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- the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for O, UCI bits
and

- if (Opck +Osg +Ocs +Ocre )< MESEH - NE2 - NEWESH, - Q,, - 1, the UE transmits the HARQ-ACK, SR and the

N CSI report bits by selecting the minimum number M fyer of PRBs from the M5 " PRBs satisfying

(Oack +Osg +O0cs) +O0crc ) S Migoert - NE2 - NPV - Q-1 as described in Clauses 9.2.3 and 9.2.5.1
- else,

- iffor Ng&net, >0 Part 2 CSI report priority value(s), it is

reported
Nesiparta

N
PUCCH p|RB PUCCH
ZOCSI-panZ,n + Ocre,cst-patzn < [M g Neeew * Neymp-uor — {OACK +Ogg + ZOCSI»parth + Ocre,cst-part1 (Qm 'r) Q- r

n=1

and

n=1 n=1

Nrepoted r total
Csl -part2 NCSl
PUCCH RB PUCCH
E ,OCSI-panZ‘n +OCRC,CSI-pan2,N+1 > MRB ! Nsc,cm ' Nsyrm-UCI - OACK + OSR + ZOCSI-pan:Ln +OCRC,CSI-pan1 (Qm ! I’) 'Qm -r

the UE selects the first Nggp,?gggz Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214],

total

for transmission together with the HARQ-ACK, SR and Ncg, Part 1 CSI reports , where Ocg pan1 1S the
number of Part 1 CSI report bits for the n,, CSI report and Ocg; a2, 1S the number of Part 2 CSI report bits

reported
Negi pare

for the n,, CSI report priority value, Ocgc csi-patzn 1S @ NUMber of CRC bits corresponding to "0,
n=1

Sl-part2,n ?

reported
Nedpara +1

and OCRC,CS._pangyNﬂ is a number of CRC bits corresponding to ZOCS,_men
=1

reported

- else, the UE drops all Part 2 CSI reports and selects N .y Part 1 CSI report(s), from the Né";‘?' CSlI reports
in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR

information bits where the value of Néesp,‘fgaeﬂl satisfies

reported
CSl -partl

PUCCH pRB PUCCH
Oack TOsr + ZOCSI—partl.n +Ocre.cstpartin |SMrs *Negon " Noyp-ver - QT and

n=1
nrepoted g
CSl-partl
PUCCH n(RB PUCCH .
Oack +Osr + ZOCSI-pan:Ln +Ocre csi-patinit |> Mre  *Necan * Noymp-vcr *Qm T, where OCRC,CSI-partl,N I
n=1

\ reported
Csl-partl

a number of CRC bits corresponding to Opc +Ogs + ZOCS,_pamyn UCI bits, and OCRC,CSI-panl,N+l isa
n=1

reported
CSl-partl

number of CRC bits corresponding to Opxcc +Ogg + Zocsnpam,n UCI bits.

n=1

+1

If a UE is provided a first interlace of M\ ix. o 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

- 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
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- the UE determines the PUCCH resource set as described in Clauses 9.2.1 and 9.2.3 for Oy UCI bits
and

- |f (OACK + OSR + OCSI + OCRC) S M}:llfje%gg’o ° Ns%,]?:trl * sl;,lrjn%?[ﬁjl N Qm * T, the UE transmItS the HARQ'ACK, SR
and the N! CSI report bits in a PUCCH over the first interlace

- else if the UE is provided a second interlace of Mol | PRBs by interlacel in PUCCH-format3 and if

(Oack + Osg + Ocst + Ocre) < (Miimioneo + Miisione1) - NeoB 1 - Noootcr - @m - 7, the UE transmits the

Interlace,0 Interlace,1 sc,etrl

HARQ-ACK, SR, and CSlI 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
MESCH with MPUECH or, if the UE is provided interlacel, with MPUSSH 4 pmPUCCH

Interlace,0? Interlace,0 Interlace, 1 *

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

maxCodeRate | Code rate I

0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

~NOO|AR|WIN|FL|O

9.2.6 PUCCH repetition procedure

repeat

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

For Npbee, >1,
- the UE repeats the PUCCH transmission with the UCI over NP, slots

- aPUCCH transmission in each of the N%%.,, slots has a same number of consecutive symbols, as provided by
nrofSymbols in PUCCH-formatl, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4

- aPUCCH transmission in each of the N%%.,, slots has a same first symbol, as provided by startingSymbollndex
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

UE transmits the PUCCH in NS¢, slots is counted regardless of whether or not the UE transmits the
PUCCH in the slot

- the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within
a slot
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- 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 ssh-PositionsInBurst in
SIB1 or ssh-PositionsInBurst in ServingCellConfigCommon.

For unpaired spectrum, the UE determines the N}¥et,, slots 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-formatl, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and

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

For paired spectrum, the UE determines the N5, slots for a PUCCH transmission as the NpPe.,, consecutive slots
starting from a slot indicated to the UE as described in Clause 9.2.3.

If a UE would transmit a PUCCH over a first number Nj¥et,,>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.

A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over Np#c.,,>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 PUCCHSs do not include a UCI type with same priority, the UE
transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that
include the UCI type with lower priority

A UE does not expect 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.

If a UE would transmit a PUCCH over NS slots and the UE does not transmit the PUCCH in a slot from the NZ°&,

slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of Ni%e,,
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] ina
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
the UE is provided betaOffsets = 'semiStatic', the UE applies the gHARACK " BCSH and BSer’ values that are

(o)
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provided by betaOffsets = 'semiStatic' for the corresponding HARQ-ACK information, Part 1 CSI reports and Part 2
CSl reports.

If the PUSCH transmission is with a configured grant and the UE is provided CG-UCI-OnPUSCH= 'semiStatic’, the UE
applies the pHaRACK - BCSHL “and BSer? values that are provided by CG-UCI-OnPUSCH = 'semiStatic' for the

0 (&) 0

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
rARQACK . B and B5er? values 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-

OnPUSCH ='dynamic', the UE applies the giiorQACK - gCSH "and g5t values that are determined from the first

() ofset ' offset

value of CG-UCI-OnPUSCH = ‘dynamic'.

HARQ-ACK information offsets SHR9AK are configured to values according to Table 9.3-1. The betaOffsetACK-

0

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes |jgus ~“, lomas ', and

I ieas A 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 B and BSer’ , respectively, are configured to values according to

0 0

Table 9.3-2. The betaOffsetCSI-Part1l-Index1 and betaOffsetCSI-Part2-Index1 respectively provide indexes | fﬂss;,lo and

Ifﬁi'e;i) 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 |ggmy OF I gz 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,

betaOffsetACK-Index2, betaOffsetACK-Index3} a set of two or four 1/ r 2 indexes, by each of {betaOffsetCSI-

Partl-Index1, betaOffsetCSI-Part1-Index2} a set of two or four 150" indexes, and by each of {betaOffsetCSI-Part2-

Index1, betaOffsetCSI-Part2-Index2} a set of two or four Ifﬂfeﬁz 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

P PIRT - P HARQ-ACK - CSk2
transmission. The beta_offset indicator field indicates a I /gy * ' value, a 155 value and a | ey 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
EC-UCT value, from a set of values, with the mapping defined in Table 9.3-1. 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 number of resources for multiplexing the combined

information in a PUSCH using ﬂ(f'f?;zg_ACK
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Table 9.3-1: Mapping of beta_offset values for HARQ-ACK information and/or for CG-UCI and the
index signalled by higher layers

R or LIRS or 1189 or G0 | pan or pAC

0 1.000

1 2.000

2 2.500

3 3.125

4 4.000

5 5.000

6 6.250

7 8.000

8 10.000
9 12.625
10 15.875
11 20.000
12 31.000
13 50.000
14 80.000
15 126.000
16 Reserved
17 Reserved
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved

3GPP



Release 16

94

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

Table 9.3-2: Mapping of beta_offset values for CSl and the index signalled by higher layers

Ifﬂzlego or Iocfgejl ocfsseltl
oo o lower | Soga
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

: : C —-AC Cl CSl- CslI-2 CSl- Csl-2
beta_offset indicator| (I5pas < or iy " or 152X, (15ms o Togeto ) (Iomes OF I siea)
'00' 1t offset index provided by higher layers
'01' 29 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
. . HARQ-ACK HARQ-ACK HARQ-ACK CSI-1 CslI-2 Csl-1 CSI-2
beta_Offset indicator ( Ioﬂset,g_ or Iof[set,? or Iof[set,(zg_ ), ( Ioﬂset,O or IofBet,O )v ( Ioﬂ%et,l or Iof[set,l )
'0' 15t offset index provided by higher layers
'l 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 CORESETSs 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

- perspan, 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 UE reports one or more combinations of (X,Y) number of symbols, where X > Y, for PDCCH monitoring. A span is a
set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports
PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first
symbol of two consecutive spans, including across slots. The duration of a span is dgpan = max(dCORESET,max’ Ymin),
where dcorgeseT.max 1S @ maximum duration among durations of CORESETS that are configured to the UE and Yy, is a
minimum value of Y in the combinations of (X, Y) that are reported by the UE. A last span in a slot can have a shorter
duration than other spans in the slot.

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 of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssh-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 ssh-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
- 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 of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssh-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 is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with
any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0 as described in Clause 11.1.1.

If a UE can support

- afirst set of N2j, o serving cells where the UE is either not provided CORESETPoolIndex or is provided

CORESETPoollIndex with a single value for all CORESETSs on all DL BWPs of each serving cell from the first
set of serving cells, and

- asecond set of N2j ; 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, Censo +R-
N2iis1 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

Caj .
slot that corresponds to Nceﬁs downlink cells, where

- Nce”S is N2liso + R - N2 1 if the UE does not provide pdcch-BlindDetectionCA where N2ji o + N 1 is the
number of configured downlink serving cells

- otherwise, NCC:ﬁS is 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

. . MCG
PDCCH candidates and a maximum number of non-overlapped CCEs per slot that corresponds to Nceus Negie

i MCG . . . .
downlink cells for the MCG where Nceus 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

sC6 . SCG . . . .
slot that corresponds to NCC;?S = Ncens downlink cells for the SCG where Noeus is provided by pdcch-BlindDetection for
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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 CCEs that is larger than the maximum number as derived from the corresponding value

of Ncap

cells -

. . . . DLcell .
When a UE is configured for NR-DC operation with a total of NNR_CSCS 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

. . . . DLeells .
- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= NNR_CSCS, 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.

Otherwise, if N SFE’FSQ?W is a 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],

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= N,EELCSICI?W .

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 ov—"*¢ downlink cells, where
NEP=T s the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16

- otherwise, NP~ 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
CCEs 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

corresponds to Nab—"1° downlink cells or to NSob—"1° downlink cells, respectively, where

cap-r16
Ncells,rls

is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15

- otherwise, Noobs s is the value of pdcch-BlindDetectionCA-r15
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and

NE%P-T1% is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16

cells,r16

- otherwise, N°%P~"'% s the value of pdcch-BlindDetectionCA-r16

cells,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-RNTI on the primary cell of the MCG

- aTypel-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNT]I on the primary cell

- aType2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by a P-RNTI on the primary cell of the MCG

- aType3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for
DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, 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-RNTIL.

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 Type0-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-RNTI 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-RNTI in the Typel-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
13, and the UE is provided a C-RNT]I, 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 TCl-state includes a CSI-RS which is quasi-co-located with the
SS/PBCH block, or
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- arandom access procedure that is not initiated by a PDCCH order that triggers a contention-free random access
procedure

If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-
zero value for 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 Typel-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, searchSpaceSIB1,
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, MsgB-
RNTI, or P-RNTI.

If a UE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config,
and

- aSI-RNTI, a P-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-
PUCCH-RNTI, or a TPC-SRS-RNTI

then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI
format with CRC scrambled with the 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 CORESETPoolIndex is not provided, or if a value of CORESETPoolIndex is same for all
CORESETSs if CORESETPoolIndex is provided

- P <5 CORESETs if CORESETPoolIndex 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

For each CORESET, the UE is provided the following by ControlResourceSet:
- aCORESET index P, by controlResourceSetld, where
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- 0< p<12 if CORESETPoollIndex is not provided, or if a value of CORESETPoolIndex is same for all
CORESETSs if CORESETPoollndex is provided;

- 0 <p < 16 if CORESETPoolIndex 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-ScramblinglD;

a precoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same
DM-RS precoder by precoderGranularity;

a number of consecutive symbols provided by duration;
a set 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-
StatelD value to CORESETS with index 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.

if a CORESET is not associated with any search space set configured with freqMonitorLocation-r16, the bits of
the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order
of the PRB index in the DL BWP bandwidth of NEWP PRBs with starting common RB position NS5, where
the first common RB of the first group of 6 PRBs has common RB index 6 - [N5&5 /6] if rb-offset is not
provided, or the first common RB of the first group of 6 PRBs has common RB index NSt + Nffset where
Ngffset is provided by rb-offset.

if a CORESET is associated with at least one search space set configured with freqgMonitorLocation-r16, the first
Ngiggisew bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in
ascending order of the PRB index in the DL BWP bandwidth of NZYF? PRBs with starting common RB position
NSt where the first common RB of the first group of 6 PRBs has common RB index N3t 4+ Ngifset,

NREE ceto = | (NS00 — NSESY) /6], N§2,., is @ number of available PRBs in the RB set 0 for the DL BWP,
and NgIfet is provided by rb-offset or N3¢t = 0 if rb-offset is not provided.

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-ToReleaseL st 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 0O, 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
command in the first slot that is after slot k +3- N4 \where k is the slot where the UE would transmit a

slot

PUCCH with HARQ-ACK information for the PDSCH providing the activation command and g is 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 search space
sets where, for each search space set from the S search space sets, the UE is provided the following by SearchSpace:

- asearch space set index s, 0<s <40, by searchSpaceld

- an association between the search space set s and a CORESET P by controlResourceSetld

- aPDCCH monitoring periodicity of k, slots and a PDCCH monitoring offset of Oy 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

- aduration of T, <k, slots indicating a number of slots that the search space set s exists by duration

- anumber of PDCCH candidates MS(L) 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 isa CSS set

- an indication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI
formatl 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

- anindication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
- anindication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
- anindication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3

- anindication by dci-Format2-4 to monitor PDCCH candidates for DCI format 2_4
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- anindication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6

- if search space set s isa 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_1 and DCI
format 1_1, 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

- abitmap by freqMonitorLocation-r16, if provided, to indicate one or more RB sets for the search space set s,
where the MSB k in the bitmap corresponds to RB set k — 1 in the DL BWP. For RB set k indicated in the
bitmap, the first PRB of the frequency domain monitoring location confined within the RB set is given by
NS&It . + NREset where NSEIL, , is the index of first PRB of the RB set k, and NS¢t is provided by rb-offset
or Ngifset = 0 if rb-offset is not provided. The frequency domain resource allocation pattern for each monitoring
location is determined based on the first N,i};zg“seto bits in frequencyDomainResources provided by the associated
CORESET configuration.

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 s, the UE determines
that a PDCCH monitoring occasion(s) exists in a slot with number Ngs [4, TS 38.211] in a frame with number n; if

(nf NS 40 —os)mod k, =0. The UE monitors PDCCH candidates for search space set s for T, consecutive

slots, starting from slot N’ , and does not monitor PDCCH candidates for search space set s for the next k, — T,
consecutive slots.

A USS at CCE aggregation level L e {1, 2,4,8, 16} is defined by a set of PDCCH candidates for CCE aggregation
level L.

If a UE is configured with CrossCarrierSchedulingConfig for a serving cell the carrier indicator field value corresponds
to the value indicated by CrossCarrierSchedulingConfig.

For an active DL BWP of a serving cell on which a UE monitors PDCCH candidates in a USS, if the UE is not
configured with a carrier indicator field, the UE monitors the PDCCH candidates without carrier indicator field. For an
active DL BWP of a serving cell on which a UE monitors PDCCH candidates in a USS, if a UE is configured with a
carrier indicator field, the UE monitors the PDCCH candidates with carrier indicator field.

A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured
to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell.
For the active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH
candidates at least for the same serving cell.

For a search space set s associated with CORESET [, the CCE indexes for aggregation level L corresponding to

PDCCH candidate M, ~ of the search space set in slot nZ; for an active DL BWP of a serving cell corresponding to
carrier indicator field value n., are given by

m,. -N
L. {Yp’n;} {S'L”f'M—(ffE”’JJrnc,]modLNmE,p JLb+i

max

where
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forany CSS, Y, =0;

“
PNt

foraUss, v, . = (Ap 'Yp,n;’f—l)
A, =39839 for pmod 3=2,and D=65537;

mod D, Y, ; =Ny #0, A =39827 for pmod3=0, A =39829 for pmod 3=1,

Nece , 1S the number of CCEs, numbered from 0to N , —1,in CORESET [;

n., isthe carrier indicator field value if the UE is configured with a carrier indicator field by

CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS,
Ne =0;

m,. =0,..,M{" —1, where MS(;’CI is the number of PDCCH candidates the UE is configured to monitor for

SNy SNy

aggregation level L of a search space set s for a serving cell corresponding to ng, ;
forany CSS, M), =M

fora USS, M{L), is the maximum of M) over all configured ng, values for a CCE aggregation level L of search

space set s ;
the RNTI value used for ngyy, is the C-RNTI.

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
SPS PDSCH release, other than DCI format 1_0, having a first size and associated with serving cell N ,,

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET P for

a first DCI format or for a second DCI format, respectively, having a second size and associated with serving cell Mg ;
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-RNT]I 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 SlI-
RNTI, RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, C-RNTI, CS-RNTI, or MCS-RNTI and a DCI format with CRC
scrambled by a SL-RNTI or a SL-CS-RNT!I for scheduling respective PDSCH and PSSCH receptions on a same serving
cell.

A PDCCH candidate with index L for a search space set S; using a set of CCEs ina CORESET [ on the active
DL BWP for serving cell n, is not counted for monitoring if there is a PDCCH candidate with index M, , - for a search

space set § <S;, or if there is a PDCCH candidate with index N o, and Ng . <M, inthe CORESET P onthe

active DL BWP for serving cell n., using a same set of CCEs, the PDCCH candidates have identical scrambling, and
the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with
index m o, is counted for monitoring.
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maxgslot,u

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, Mp5ccy” , per slot for a UE ina DL
BWP with SCS configuration £¢ for operation with a single serving cell.

Table 10.1-2: Maximum number MS}%@'W of monitored PDCCH candidates per slot for a DL BWP with
SCS configuration u < {0,123} for a single serving cell

H Maximum number of monitored PDCCH candidates per slot and per serving cell M?géséﬁ"”
0 44
1 36
2 22
3 20

Table 10.1-2A provides the maximum number of monitored PDCCH candidates, Mme* "% ner span for a UE in a DL
BWP with SCS configuration u for operation with a single serving cell.

Table 10.1-2A: Maximum number MR&X1 of monitored PDCCH candidates in a span for
combination (X, Y) for a DL BWP with SCS configuration u € {0,1} for a single serving cell

Maximum number MR X# ot monitored PDCCH
candidates per span for combination (X,Y) and per

serving cell
I 2.2 (4.3) (7.3)
0 M01 M02 MO03
1 M1l M12 M13

Table 10.1-3 provides the maximum number of non-overlapped CCEs, Cliwa* | for a DL BWP with SCS
configuration 4 that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a

single serving cell.
CCEs 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.

Table 10.1-3: Maximum number cg"gég";“” of non-overlapped CCEs per slot for a DL BWP with SCS
configuration < {0,1,23} for a single serving cell

H Maximum number of non-overlapped CCEs per slot and per serving cell CS“SE’Z"J"‘
0 56
1 56
2 48
3 32

Table 10.1-3A provides the maximum number of non-overlapped CCEs, Cpaa"# for a DL BWP with SCS
configuration u 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 CpexX"*# of non-overlapped CCEs in a span for combination (X, Y)
for a DL BWP with SCS configuration u € {0,1} for a single serving cell

f max,(X,Y),n
Maximum number Cppceyy”~ Of Nnon-overlapped

CCEs per span for combination (X,Y) and per

serving cell
I 2,2 (4,3) (7,3)
0 co1 C02 56
1 Ci1 C12 56

A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X, Y) = (2, 2), (4, 3),
and (7, 3) per SCS configuration of 4 = 0 and u = 1. If the UE indicates a capability to monitor PDCCH according to
multiple (X, Y) combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results
to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two

or more of the multiple combinations (X, Y), the UE is expected to monitor PDCCH on the cell according to the

combination (X, Y) associated with the largest maximum number of CIL X4 ang yTiax X0k,

If a UE
- does not report pdcch-BlindDetectionCA or is not provided BDFactorR,y = R

- reports pdcch-BlindDetectionCA, the UE can be indicated by BDFactorR eithery = 1 ory = R

If a UE is configured with N*) + Ny, downlink cells with associated PDCCH candidates monitored in the active
DL BWPs of the scheduling cell(s) using SCS configuration £ where ¥3_o(Noio + ¥ - Naity) < N, the UE is
not required to monitor, on the active DL BWP of the scheduling cell,

- more than M X280t — M sl pCCH candidates or more than CRA% = CIeE non_overlapped CCEs
per slot for each scheduled cell when the scheduling cell is from the NPEH - downlink cells, or

cells,0
total,slot,u __ max,slot,u - total,slot,u __ max,slot,u
- more than Mpyci " =¥ - Mppeey + PDCCH candidates or more than Cppecy © = ¥ - Copeen - NON-
overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the NCZILI'S”I downlink cells

- more than Mpisso“* PDCCH candidates or more than Cpsoo™* non-overlapped CCEs per slot for CORESETs
with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the NC')elLl'S‘fl
downlink cells

If a UE is configured with Noi* + NCZILI'S‘fl downlink cells using Rel-15 PDCCH monitoring capability and with

cells,0

associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration £¢ ,
where 33 _o(Nojo +v - Nyt ) > N, a DL BWP of an activated cell is the active DL BWP of the activated cell,

cells,1 cells’

and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-1d for the

deactivated cell, the UE is not required to monitor more than Mg = | NP . piaxsiotit .

DL,u DL,u 3 DL,j DL,j . total,slot,u __
(Ncells,O tv: Ncells,l)/2j=0(Ncells,0 tv: Ncells,l)J PDCCH candidates or more than CPDCCH -

cap max,slot,u DL,u DL,u 3 DL,j DL,j .
lNceHS “Cppeey (Ncells,O + ¥ Neelis 1 /2j=0(Ncells,0 +y: Ncells,l)J non-overlapped CCEs per slot on the active
DL BWP(s) of scheduling cell(s) from the N2jis o + Neajis1 downlink cells. If a UE is configured with downlink cells
using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, N . is replaced by

cap-rl6

Ncells,rlS'

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration £ of the

scheduling cell from the N>* downlink cells more than min (M ;,“Sésc'ﬁ‘”, M;‘g@gﬂt‘”) PDCCH candidates or more than

cells,0

min (C;“Sésc'ﬁ”“, C,ﬁ‘gﬂsc'ﬂt”“) non-overlapped CCEs per slot.

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration p of the
scheduling cell from the N>2* downlink cells

cells, 1
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- more than min(y - Mot Myt t*) PDCCH candidates or more than min(y - Coasso™t, Cosatso™*) non-

overlapped CCEs per slot

- more than min Motk Meiset*) PDCCH candidates or more than min(Cpssott, Caais o) non-
overlapped CCEs per slot for CORESETs with same CORESETPoollIndex value

If a UE is configured only with NPHE  downlink cells using Rel-16 PDCCH monitoring capability, and with

cells,ri6

Ni]l“l’g’fg’” of the Niﬁim downlink cells using combination (X, Y) for PDCCH monitoring, and having active DL

BWPs using SCS configuration u, where 3_o Noy | > NS°, a DL BWP of an activated cell is the active DL

cells,ri6 cells

BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by
firstActiveDownlinkBWP-1d for the deactivated cell, the UE is not required to monitor more than Mftfl’)télc’g(’Y)’“ =

total,(X,Y),u __

cap-rl6 max,(X,Y),u DL,(X,Y),u 1 DL,j .
lNcells Mppcci " Neesrig' /2 j=0 Nees1| PDCCH candidates or more than Copecyy " =

cap-rl6 max,(X,Y),u DL,(X,Y),u 1 DL,j
lNcells ’ CPDCCH ’ Ncells,r16 /Zj—o Ncells,r16

scheduling cell(s) from the NCE‘IL]S()EE“ downlink cells if the spans on all scheduling cells from the Nc]ﬁgfg“ downlink

cells are aligned, where chlLfi,ne is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS

configuration j. If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16
PDCCH monitoring capability, N is replaced by NP6

cells cells,ri6*

J non-overlapped CCEs per span on the active DL BWP(s) of

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 £ , 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 N, denote by S, a set of CSS sets with cardinality of 1, and by S, a set of

css uss

in S, is according to an ascending order

uss?

USS sets with cardinality of J,;. The location of USSsets S;, 0< j<J
of the search space set index.

Denote by M ., 0 <i < I, the number of counted PDCCH candidates for monitoring for CSS set S

Sl)?
(L) < i
Ms gy 0= 1<

(i) and by

Css

the number of counted PDCCH candidates for monitoring for USS set S (j).

uss?

les—1

For the CSS sets, a UE monitors MSS,, = > S M), PDCCH candidates requiring a total of Cygpcey non-
i=0 L

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 £¢ in aslot 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 CORESETPoollndex with value O for first
CORESETSs, and is provided CORESETPoolIndex with value 1 for second CORESETSs, and if min(y -

MESEER" MR ™) > min(MES™, MEBEa™) or min(y - CRES™, CRReat™) > min(Cedi™, Cincei™)
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.

Denote by Vece(Sys(])) the set of non-overlapping CCEs for search space set S, (j) and by 6’(\/CCE(SUSS(j))) the

cardinality of Vcg(Sys(J)) where the non-overlapping CCEs for search space set S (j) are determined considering

uss
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the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring
for all search space sets S, (k), 0<k < j.

uss
uss i maxslot,u total slot i )_ css

Set M PDCCH — min (M PDCCH M PDCCH M PDCCH
uss i maxslotu totalslot¢z)_ css

Set Cppeey=Min (CPDCCH +Cepcct Ceocen

Set j=0

while Y M® ) <M AND WVce(Suss(1)))< Clicn

L

allocate ) M{" ;' PDCCH candidates for monitoring to USS set S(j)
L

uss VI L .
MPDCCH - MPDCCH _ZMSUS(j) ’
L

CFL’ISDSCCH = C;SDSCCH —C CCE(Suss(j))) ;
j=1J+1;
end while
Ifa 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 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
Ifa 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 TCl-states with 'QCL-TypeD',
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the UE is required to monitor PDCCH candidates in overlapping PDCCH monitoring occasions for search space sets
associated with different CORESETS.

For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats 1 Oor1 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 PDCCHSs 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

PDCCH candidates for Ngj, >4 downlink cells and the UE is configured with NCZ,",S >4 downlink cells or

NZ: >4 uplink cells, or

cells

- is configured with NR-DC operation and for a cell group with N2 downlink cells or N uplink cells

the UE expects to have respectively received at most 16- N5, PDCCHs for

- DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16- N, PDSCH

receptions for which the UE has not received any corresponding PDSCH symbol over all NC[;,LlS downlink cells

- DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16- N, PUSCH

transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all Nclle,s uplink

cells
If a UE

- is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set
and a second PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a USS set in a CORESET
with index zero on an active DL BWP, and

- the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_0/1_0 associated
with the second PDCCH candidate have same size, and

- the UE receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and
- the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and

- the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_0/1_0 for the second PDCCH
candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI

the UE decodes only the DCI formats 0_0/1_0 associated with the first PDCCH candidate.
If a UE detects a DCI format with inconsistent information, the UE discards all the information in the DCI format.

A UE configured with a bandwidth part indicator in 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 C, , the

UE does not expect to monitor PDCCH on serving cell C; 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 C, and if the

UE is not capable of simultaneous reception and transmission on serving cell C; and serving cell C .
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 c¢s-RNTI, and
- the new data indicator field in the DCI format for the enabled transport block is set to '0', and
- the DFI flag field, if present, in the DCI format 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-ReleaseStateL.ist, 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 DCl format 1 _0/1 2 DCl format 1 1
HARQ process number setto all '0's/0 2 setto all '0's setto all '0O's
Redundancy version setto all '0's setto all '0's For the enabled tra'n'sport block:
setto 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

DCl format 1 0/1 1/1 2

HARQ process number setto all '0's setto all '0's
Redundancy version setto all '0's setto all '0's
Modulation and coding scheme settoall'l's settoall '1's

Frequency domain resource
assignment

set to all '0's for FDRA
Type O or for FDRA Type
2with p =1,

set to all '1's for FDRA
Type 1 or for FDRA Type
2withu=0

set to all '0's for FDRA
Type O set to all '1's for
FDRA Type 1
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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 DCl format 1 0/1 2

setto all 'O's

DClformat1 1
For the enabled transport block:
setto all '0's

Redundancy version setto all '0's

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 format 1 0/1 1/1 2

Redundancy version

set to all '0's

set to all '0's

Modulation and coding scheme

settoall 'l's

settoall 'l's

set to all '0's for FDRA
Type O or for FDRA Type
2withp =1,

setto all '1's for FDRA
Type 1 or for FDRA Type
2withu=0

set to all '0's for FDRA Type 0

Frequency domain resource assignment set 1o all"I'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 for zz=0, N=55 for

w#=1,and N=11 for =2, otherwise, N=10 for =0, N=12 for z=1, N=22 for =2 ,and N =25 for
4 = 3, wherein 2 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 Wake-up
indication bit is '0', and

- the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication
bitis '1'

- ahbitmap, 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 Wake-up indication 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'1'value for a bit of the bitmap indicates
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- anactive DL BWP, provided by first-non-dormant-BWP-I1D-for-DCI-outside-active-time, for the UE for
each activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the
dormant DL BWP

- acurrent active DL BWP, for the UE for each activated SCell in the corresponding group of configured
SCells, if the current active DL BWP is not the dormant DL BWP

- 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 Ty = 1 slot if duration is not provided, starting from the first slot of the first 7, 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].

If a UE reports for an active DL BWP a requirement of X 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 X
slots, where X corresponds to the requirement of the SCS of the active DL BWP.

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, 11.1, 12, and in
Clause 5.7 of [14, TS 38.321] 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 the 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 SCell dormancy indication field,

- the SCell dormancy indication 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

- if the UE detects a DCI format 0_1 or a DCI format 1_1 that does not include a carrier indicator field, or detects
a DCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0

- 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'1'value for a bit of the bitmap indicates

- anactive DL BWP, provided by first-non-dormant-BWP-1D-for-DCI-inside-active-time, for the UE for each
activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the dormant
DL BWP

- acurrent active DL BWP, for the UE for each activated SCell in the corresponding group of configured
SCells, if the current active DL BWP is not the dormant DL BWP
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- the UE sets the active DL BWP to the indicated active DL BWP
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
- the CRC of DCI format 1_1 is scrambled by a C-RNTI or a MCS-C-RNTI, 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

- resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI
format 1_1 are equal to O or 1

the UE considers the DCI format 1_1 as indicating SCell dormancy, not scheduling a PDSCH reception or indicating a
SPS PDSCH release, and for transport block 1 interprets the sequence of fields of

- modulation and coding scheme
- new data indicator
- redundancy version
and of
- HARQ process number
- antenna port(s)
- DMRS sequence initialization
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'1'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 a current active DL BWP is the dormant DL BWP

- acurrent active DL BWP, for the UE for a corresponding activated SCell, if the current active DL BWP is
not the dormant DL BWP

- the UE sets the active DL BWP to the indicated active DL BWP

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.

A UE is expected to provide HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell
dormancy after N symbols from the last symbol of a PDCCH providing the DCI format 1_1. If
processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the PDCCH providing
the DCI format1_1, N =5foru =0, N =55 foru =1,and N = 11 for u = 2; otherwise, N = 10 foru =0, N =
12foru =1, N =22 foru = 2,and N = 25 for u = 3, where u is the smallest SCS configuration between the SCS
configuration of the PDCCH providing the DCI format 1_1 and the SCS configuration of a PUCCH with the HARQ-
ACK information in response to the detection of the DCI format 1_1.

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. If the UE is not provided searchSpaceGroupldList-r16 for a search space set, the
following procedures are not applicable for PDCCH monitoring according to the search space set.
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If a UE is provided searchSpaceSwitchingGroupList-r16, indicating one or more groups of serving cells, the following
procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell
for which the UE is provided searchSpaceGroupldList-r16.

A UE can be provided, by searchSpaceSwitchingTimer-rl16, 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-rl6 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 the 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 P symbols after the last symbol of
the PDCCH with the DCI format 2_0, 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 P symbols after the last symbol of the PDCCH
with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-
rl16, 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 P symbols after a slot where the timer expires or after a last symbol 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, 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 P symbols after
the last symbol of the PDCCH with the DCI format, 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 P 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 symbol 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
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,
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- 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 4, by referenceSubcarrierSpacing
- apatternl.

The patternl provides

- aslot configuration period of P msec by dI-UL-TransmissionPeriodicity

- anumber of slots d,, with only downlink symbols by nrofDownlinkSlots

- anumber of downlink symbols d, . by nrofDownlinkSymbols

sym

- anumber of slots Uy, with only uplink symbols by nrofUplinkSlots
- anumber of uplink symbols U, by nrofUplinkSymbols

Avalue P =0.625 msec is valid only for u, -3. Avalue P =1.25 msec is valid only for u, -2 or t -3. A value
P =25 msec is valid only for g -1, or u -2, 0r t -3.

A slot configuration period of P msec includes S = P-2“" slots with SCS configuration 4 . Fromthe S slots, a
first dsms slots include only downlink symbols and a last U slots include only uplink symbols. The dsym symbols
after the first dsmts slots are downlink symbols. The U, symbols before the last Ugqs slots are uplink symbols. The

.. | .
remaining (S -ty - Ugors)- N3y - Gy - Ugyry are flexible symbols.

The first symbol every 20/P periods is a first symbol in an even frame.
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If tdd-UL-DL-ConfigurationCommon provides both patternl and pattern2, the UE sets the slot format per slot over a
first number of slots as indicated by patternl and the UE sets the slot format per slot over a second number of slots as
indicated by pattern2.

The pattern2 provides

- aslot configuration period of P, msec by dl-UL-TransmissionPeriodicity

- anumber of slots dsmtsz with only downlink symbols by nrofDownlinkSlots
- anumber of downlink symbols dsym2 by nrofDownlinkSymbols

- anumber of slots Ug o> with only uplink symbols by nrofUplinkSlots

- anumber of uplink symbols U, by nrofUplinkSymbols
The applicable values of P, are same as the applicable values for P .

A slot configuration period of P+ P, msec includes first S =P -2 slots and second S, =P, -2“= slots.

From the S, slots, a first dsmsz slots include only downlink symbols and a last Uy, include only uplink symbols.
The dsymz symbols after the first dsmtsz slots are downlink symbols. The U, symbols before the last Uy - slots are

uplink symbols. The remaining (S2 -yt uslots,Z)' Nj;ﬁfb ~gyma - Uy are flexible symbols.
A UE expects that P+ P, divides 20 msec.

The first symbol every 20/(P + P,) periods is a first symbol in an even frame.

A UE expects that the reference SCS configuration z¢,¢ 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 2% consecutive slots
in the active DL BWP or the active UL BWP where the first slot starts at a same time as a first slot for the reference

SCS configuration ¢, and each downlink or flexible or uplink symbol for the reference SCS configuration ¢,

corresponds to 2“*) consecutive downlink or flexible or uplink symbols for the SCS configuration 4« .

If the UE is additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-
ConfigurationDedicated overrides only flexible symbols per slot over the number of slots as provided by tdd-UL-DL-
ConfigurationCommon.

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
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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 4. 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

- 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 or a 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, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS,
or the DL PRS if the UE does not detect a DCI format 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, or the DL PRS 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 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, after a number of symbols that is smaller than the
PUSCH preparation time T for the corresponding UE processing capability [6, TS 38.214] assuming

proc,2

d,, =1 and 44 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH

carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or g, where g corresponds to
the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 14=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

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 uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, the UE does not receive DL PRS in the set of symbols of the slot, if the UE is not provided
with a measurement gap.

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
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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.

Ifa UE

- is configured with multiple serving cells and is provided half-duplex-behavior-ri16 = 'enable’,

is not capable of simultaneous transmission and reception on any of the multiple serving cells,

indicates support of capability for half-duplex operation in CA with unpaired spectrum, and
- is not configured to monitor PDCCH for detection of DCI format 2_0

for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving
cells by ssh-PositionsInBurst in SysteminformationBlockTypel or by ssh-PositionsinBurst in
ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or 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 in any of multiple serving cells.

For a set of symbols of a slot corresponding to a valid PRACH occasion and N,, symbols before the valid PRACH

occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-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.

If a UE

- is configured with multiple serving cells and is provided half-duplex-behavior-r16 = ‘enable’,

is not capable of simultaneous transmission and reception on any of the multiple serving cells,

indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2-0,

the UE determines per symbol a reference cell as a cell with the smallest cell index among the multiple serving cells and
determines a symbol on the reference cell to be

- downlink, uplink, or flexible as indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated

- flexible if tdd-UL-DL-ConfigurationCommon is not provided

- uplink, if the symbol is flexible and the UE is configured to transmit SRS, PUCCH, PUSCH, or PRACH on the
symbol

- downlink, if the symbol is flexible and the UE is configured to receive PDCCH, PDSCH or CSI-RS on the
symbol

Ifa UE
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is configured with multiple serving cells in a frequency band and is provided half-duplex-behavior-r16 =
‘enable’,

is not capable of simultaneous transmission and reception on any of the multiple serving cells,
indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2_0,

the UE does not expect

a symbol to be indicated as downlink or uplink on the reference cell and as uplink or downlink on another cell,
respectively, by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated,

tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated to indicate a symbol as downlink on the
reference cell and to detect a DCI format scheduling a transmission on the symbol on another cell, and

to be configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on a flexible symbol on the reference
cell and to detect a DCI format scheduling a transmission on the symbol on another cell.

If the reference cell and another cell for a UE operate in different frequency bands and if the UE

the UE

is configured with multiple serving cells and is provided half-duplex-behavior-r16 = ‘enable’,
is not capable of simultaneous transmission and reception on any of the multiple serving cells,
indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2-0,

UE assumes symbol as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS
and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the
other cell and as uplink or downlink for the reference cell, respectively,

transmits a signal/channel scheduled by a DCI format on a symbol of the other cell when the symbol is indicated
as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated for the reference cell,

is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible symbols on the
reference cell in a set of symbols, if the UE detects a DCI format scheduling a transmission on one or more
symbols in the set of symbols on the other cell.

If a UE

the UE

is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable’,
is not capable of simultaneous transmission and reception on any cell from the multiple serving cells,
indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2-0,

does not expect tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated for the reference cell
to indicate a symbol as uplink and to detect a DCI format scheduling a reception on the symbol on another cell

does not expect to be configured by higher layers to transmit SRS, PUCCH, PUSCH, or PRACH on a flexible
symbol on the reference cell and to detect a DCI format scheduling a reception on the symbol on another cell

does not transmit a PUCCH, PUSCH or PRACH that is configured by higher layers on a set of symbols on
another cell if at least one symbol from the set of symbols is indicated as downlink by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH,
PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell
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- does not transmit a SRS that is configured by higher layers on a set of symbols on another cell if the set of
symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
or corresponds to a PDCCH, PDSCH or CSI-RS reception that is configured by higher layers on the reference
cell

- does not receive a PDCCH, PDSCH or CSI-RS that is configured by higher layers on a set of symbols on another
cell if at least one symbol from the set of symbols is indicated as uplink by tdd-UL-DL-ConfigurationCommon or
tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a SRS, PUCCH, PUSCH, or PRACH
transmission that is configured by higher layers on the reference cell

- assumes a symbol indicated as downlink or uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated on another cell to be flexible, if the UE is respectively configured by higher layers to
transmit SRS, PUCCH, PUSCH, or PRACH or to receive PDCCH, PDSCH, or CSI-RS on the reference cell

- does not expect to detect a first DCI format scheduling a transmission or reception on a symbol on a first cell and
a second DCI format scheduling a reception or transmission on the symbol on a second cell, respectively

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 s and a corresponding
CORESET P for monitoring M ff;") PDCCH candidates for DCI format 2_0 with a CCE aggregation level of L,

CCEs as described in Clause 10.1. The M éf;”’ PDCCH candidates are the first M éf;”’ PDCCH candidates for CCE
aggregation level L, for search space set s in CORESET P.

For each serving cell in the set of serving cells, the UE can be provided:
- an identity of the serving cell by servingCellld
- alocation of a SFI-index field in DCI format 2_0 by positionInDCI

- aset of slot format combinations by slotFormatCombinations, where each slot format combination in the set of
slot format combinations includes

- one or more slot formats indicated by a respective slotFormats for the slot format combination, and

- amapping for the slot format combination provided by slotFormats to a corresponding SFI-index field value
in DCI format 2_0 provided by slotFormatCombinationld

- for unpaired spectrum operation, a reference SCS configuration uge, by subcarrierSpacing and, when a
supplementary UL carrier is configured for the serving cell, a reference SCS configuration zr g by
subcarrierSpacing?2 for the supplementary UL carrier

- for paired spectrum operation, a reference SCS configuration s, ,, for a DL BWP by subcarrierSpacing and a
reference SCS configuration g, , for an UL BWP by subcarrierSpacing2

- alocation of a RB set indicator field in DCI format 2_0 that is a bitmap having a one-to-one mapping with the
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. The RB
set indicator field includes Nyp sets Dits where Nyp o5 IS the number of RB sets in the serving cell. An RB set
remains available or unavailable until the end of the indicated channel occupancy duration

- alocation 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. The channel occupancy duration field includes
max{[log, (COdurationListSize)], 1} bits, where COdurationListSize is the number of values provided by CO-
DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the
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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 SFl-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 {[log,(maxSFlinde x +1) |1} bits where maxSFlindex is the maximum value of the values provided by

corresponding slotFormatCombinationld. A slot format is identified by a corresponding format index as provided in
Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.

If a PDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set S by
monitoringSlotPeriodicityAndOffset, is smaller than a duration of a slot format combination the UE obtains at a PDCCH
monitoring occasion for DCI format 2_0 by a corresponding SFI-index field value, and the UE detects more than one
DCI formats 2_0 indicating a slot format for a slot, the UE expects each of the more than one DCI formats 2_0 to
indicate a same format for the slot.

A UE does not expect to be configured to monitor PDCCH for DCI format 2_0 on a second serving cell that uses larger
SCS than the serving cell.
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Table 11.1.1-1: Slot formats for normal cyclic prefix
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrierSpacing a reference SCS
configuration g, 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 g, and for an active DL BWP or an active UL
BWP with SCS configuration u, itis u = ug, . Each slot format in the combination of slot formats indicated by the
SFl-index field value in DCI format 2_0 is applicable to 2“~#=) consecutive slots in the active DL BWP or the active
UL BWP where the first slot starts at a same time as a first slot for the reference SCS configuration 5, and each
downlink or flexible or uplink symbol for the reference SCS configuration s, correspondsto 2%“~“=) consecutive
downlink or flexible or uplink symbols for the SCS configuration s .

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
s o for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the reference
DL BWP of the serving cell. The UE is provided by subcarrierSpacing?2 a reference SCS configuration g, , 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
serving cell. If i o > per uo and for each 2¥s27*2w) 11 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

slotFormatCombinationld is set by the value of the SFI-index field value in DCI format 2_0, the first 2o #suu)
values for the combination of slot formats are applicable to the reference DL BWP and the next value is applicable to

the reference UL BWP. If g o < fsq yo @nd for each 2=+ *=2) 11 values provided by slotFormats, the first value

for the combination of slot formats is applicable to the reference DL BWP and the next 2Ws utsa) yalyes are
applicable to the reference UL BWP.

The UE is provided a reference SCS configuration g ,, so that for an active DL BWP with SCS configuration s, ,
itis fp 2 pig o - The UE is provided a reference SCS configuration g, , so that for an active UL BWP with SCS

configuration f4,, , itis w2 g, . - Each slot format for a combination of slot formats indicated by the SFI-index
field value in DCI format 2_0 for the reference DL BWP, by indicating a value for slotFormatCombinationld that is

mapped to a value of slotFormats in slotFormatCombination, is applicable to 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

flexible symbol for the reference SCS configuration g, 5, corresponds to 2 #sa) consecutive downlink or flexible
symbols for the SCS configuration . Each slot format for the combination of slot formats for the reference UL BWP

is applicable to 2%+ *#+) consecutive slots for the active UL BWP where the first slot starts at a same time as a first
slot in the reference UL BWP and each uplink or flexible symbol for the reference SCS configuration i

corresponds to W) consecutive uplink or flexible symbols for the SCS configuration ¢, .

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFlI-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 z«g, for the combination of slot formats indicated

by the SFI-index field in DCI format 2_0 for the reference first UL carrier of the serving cell. The UE is provided by
subcarrierSpacing2 a reference SCS configuration s, ¢, for the combination of slot formats indicated by the SFI-

index field value in DCI format 2_0 for the reference second UL carrier of the serving cell. For each 2\ #ss) 41

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 g, ¢, so that for an active UL BWP in the second UL
carrier with SCS configuration f4g,, , itis My, 2 Hsp syt - Each slot format for a combination of slot formats indicated

by the SFl-index field in DCI format 2_0 for the reference first UL carrier is applicable to 2%“*=) 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
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carrier is applicable to 2Usu#ssu) - 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.

If a BWP in the serving cell is configured with 1 -2 and with extended CP, the UE expects e =0, #g =1, or
M = 2 . 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 sege, , OF Lsp pp, OF sy » OF fg gy 1S €ither O, 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 by a DCI format 2_0 as being within a remaining channel occupancy
duration either by a channel occupancy duration field or by an SFI-index field, a UE does not expect to detect at a later
time a DCI format 2_0 indicating, either by a channel occupancy duration field or by an SFI-index field, that any
symbol from the set of symbols is not within a remaining channel occupancy duration.

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 SFl-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 ssh-PositionsinBurst
in SIB1, or by ssh-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.

For a set of symbols of a slot corresponding to a valid PRACH occasion and N,, symbols before the valid PRACH

occasion, as described in Sublcause 8.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field
value indicating the set of symbols of the 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 SFl-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 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 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 indicating to the UE to receive PDSCH or CSI-RS, or the UE does not detect a DCI
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format 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 receive DL PRS in the set of symbols of the slot, the UE receives the
DL PRS 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 or flexible.

- 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 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 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 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 receive a DL PRS 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 the UE detects a DCI format 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 DL PRS reception in the set of symbols of the slot.

If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot
and the UE detects a DCI format 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 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, after a number of symbols
that is smaller than the PUSCH preparation time T____ for the corresponding PUSCH processing capability [6,

proc,2

TS 38.214] assuming d,, =1 and £/ corresponds to the smallest SCS configuration between the SCS

configuration of the PDCCH carrying the DCI format 2_0 or the DCI format and the SCS configuration of the
SRS, PUCCH, PUSCH or u, where x corresponds to the SCS configuration of the PRACH if it is 15kHz or
higher; otherwise z4=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.

If a UE is configured by higher layers to receive a CSI-RS or detects a DCI format 0_1 indicating to the UE to receive a
CSI-RS in one or more RB sets and a set of symbols of a slot, and the UE detects a DCI format 2_0 with bitmap
indicating that any RB set from the one or more RB sets is not available for reception, the UE cancels the CSI-RS
reception in the set of symbols of the slot.
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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 SFl-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 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

- 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

- 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 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 receive DL PRS in the set of symbols of the slot, the UE receives the
DL PRS

- 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 T ., for the corresponding PUSCH timing capability [6, TS 38.214] assuming d,, =1 after a last

proc,2
symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and &«

corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or x, where £ corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher; otherwise ¢4=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 T, for the corresponding PUSCH timing capability [6, TS 38.214] assuming d,, =1 after

proc,2
a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and £

corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or x, where z corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher; otherwise z4=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 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
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- anindication 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 B, PRBs.

If a UE detects a DCI format 2_1 in a PDCCH transmitted in a CORESET in a slot, the set of symbols is the last
N - Tigr -2 "™ symbols prior to the first symbol of the CORESET in the slot where T, is the PDCCH

monitoring periodicity provided by the value of monitoringSlotPeriodicityAndOffset, as described in Clause 10.1,
NSS;‘,’T; is the number of symbols per slot, 4 is the SCS configuration for a serving cell with mapping to a respective
field in the DCI format 2_1, . is the SCS configuration of the DL BWP where the UE receives the PDCCH with the

DCI format 2_1. If the UE is provided tdd-UL-DL-ConfigurationCommon, symbols indicated as uplink by tdd-UL-DL-
ConfigurationCommon are excluded from the last N, - T, -2 " symbols prior to the first symbol of the

CORESET in the slot. The resulting set of symbols includes a number of symbols that is denoted as N -

The UE does not expect to be provided values of z, z,;,and T, resulting to avalue of N3 T, -2“ " thatis

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 N, ; —| N,y /14 |-14 symbol

groups includes [N,,/14] symbols, each of the last 14 — N, +| N, /14 |-14 symbol groups includes | N, /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 'setl', 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 N, —| N,y /7 -7 symbol groups includes

[Ny /7] symbols, each of the last 7 — N, +| N, /7]-7 symbol groups includes | N,y /7] symbols, a first bit in a
pair of bits for a symbol group is applicable to the subset of first [ B, /2| PRBs from the set of B, PRBs, a second
bit in the pair of bits for the symbol group is applicable to the subset of last |_B|NT/2J PRBs from the set of B, 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-forCl
- anindication 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¢; a number of bits provided by Cl-PayloadSize

- B anumber of PRBs provided by frequencyRegionforCl in timeFrequencyRegion
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Tc; @ number of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-
UL-DL-ConfigurationCommon,provided by timeDurationforClI in timeFrequencyRegion

- G¢ anumber of partitions for the T; symbols provided by timeGranularityforCl 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 G¢; —
Ter + [Te1/Gerl - Ge groups includes |T¢;/Gei] symbols and each of the remaining Te; — [Te;/Geil - G groups includes
[T¢1/Geil 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, Ng; = N;/G; bits from each set of bits have a one-to-one mapping with Ng; groups of PRBs
where each of the first Ng; — Bey + [Bci/Ngil - Ng; groups includes [ B¢/ Ng;] PRBs and each of the remaining B¢, —
|Bci/Ngil - Ng; groups includes [B; /N1 PRBs. A UE determines a first PRB index as N353 = O arrier + RBseare and
a number of contiguous RBs as N5%¢ = Lgg from frequencyRegionforCl that indicates an offset RBg,,,¢ and a length
Lgg as RIV according to [6, TS 38.214], and from offsetToCarrier in FrequencylnfoUL-SIB that indicates O, fOr @
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 a PUSCH transmission or a SRS transmission on
the serving cell. For the serving cell, the UE determines the first symbol of the T; symbols to be the first symbol that is
after Tpyo2 + d from the end of a PDCCH reception where the UE detects the DCI format 2_4, where d is provided by
XXX. Tyroc,2 COrresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming d, ; = 0 with u 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. The UE does not expect to cancel the PUSCH transmission or the SRS transmission
before a corresponding symbol that is Ty, after a last symbol of a CORESET where the UE detects the DCI format

2 4.

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, from the 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

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to values as described in

Clause 7.2.1

5PUCCH, b,f,c

- anindex 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

- anindex for a location in DCI format 2_2 of a first bit for a TPC command field for the PUCCH-SCell or for a
carrier for the PUCCH-SCell by tpc-IndexPUCCH-Scell

- amapping for the PUCCH power control adjustment state | < {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
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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

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to 5PUSCH, b.f c Values as described in Clause
711

- 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

- amapping for the PUSCH power control adjustment state | € {O, 1}, by a corresponding {0, 1} value of a closed

loop index field that is appended to the TPC command field for the uplink carrier or for the supplementary
uplink carrier of the serving cell in DCI format 2_2 if the UE indicates a capability to support two PUSCH
power control adjustment states, by twoDifferentTPC-Loop-PUSCH, and if the UE is configured for two PUSCH
power control adjustment states by twoPUSCH-PC-AdjustmentStates

The UE is also provided for the serving cell of the PDCCH reception for DCI format 2_2 with a configuration for a
search space set S and a corresponding CORESET P for monitoring PDCCH candidates for DCI format 2_2 with

CRC scrambled by a TPC-PUSCH-RNTI as described in 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

- anindex of a serving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCelllndex

- anindication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more
other serving cells by srs-SwitchFromCarrier

- aDCI format 2_3 field configuration type by typeA or typeB

- for typeA, 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

- anindication 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]
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- 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-1d a first active DL
BWP for receptions and by firstActiveUplinkBWP-1d 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

- acommon RB N5y =0, + RBy,r and a number of contiguous RBs N2, = L. provided by

locationAndBandwidth that indicates an offset RB,,, and a length L., as RIV according to [6, TS 38.214],

setting N;i\ijp =275, and avalue O, provided by offsetToCarrier for the subcarrierSpacing

- anindex 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-1d when the DL BWP index
and the UL BWP index are same. For unpaired spectrum operation, a UE does not expect to receive a configuration
where the center frequency for 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.
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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

If a bandwidth part indicator field is configured in DCI format 0_1 and indicates an active UL BWP with different SCS
configuration u, or with different number NE4"... of RB sets, than a current active UL BWP, the UE determines an
uplink frequency domain resource allocation Type 2 based on X’ bits and Y” bits that are generated by independently
truncating or padding the X MSBs and the Y LSBs [6, TS 38.214] of the frequency domain resource assignment field of
DCI format 0_1, where truncation starts from the MSBs of the X bits or the Y bits, zero-padding prepends zeros to the
X bits or the Y bits, and

- if the indicated active UL BWP has SCS configuration 4 = 1 and the current active BWP has SCS configuration
u = 0, the X MSBs are truncated to X = X — 1 bits, or

- if the indicated active UL BWP has SCS configuration ¢ = 0 and the current active BWP has SCS configuration
u = 1, the X MSBs are zero-padded to X' = X + 1 bits

- otherwise, the X MSBs are unchanged

and

N(N+1)
2

- the Y LSBs are truncated or zero-padded to Y’ = [logz (
for the indicated active UL BWP

)] bits where N is a number of RB sets configured

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
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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).

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-1d a default DL BWP among the configured DL
BWPs. If a UE is not provided a default DL BWP by defaultDownlinkBWP-1d, 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. SFN . and n,

are the SFN and slot index within a frame of the CORESET based on SCS of the CORESET and SFNgg ;
are the SFN and slot index based on SCS of the CORESET, respectively, where the SS/PBCH block with index i

and Nssp i
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overlaps in time with system frame SFNg, ; and slot Nggg ; . 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 Ky 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 or Table 13-4A, 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 if the frequency position of the SS/PBCH block is
provided by sshFrequency in a measurement configuration associated with a reporting configuration providing
reportCGI and does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-
1], where

- the first offset is provided in Table 13-1A or Table 13-4A, and

- the second offset is determined as the offset from a smallest RB index of the common RB overlapping with
the first RB of the SS/PBCH block indicated in the measurement configuration to a smallest RB index of the
common RB overlapping with the first RB of a SS/PBCH block hypothetically located at the GSCN of a
synchronization raster entry, where the single 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]

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 n, . For

SS/IPBCH block with index 1, the UE determines an index of slot n, as n, = (0-2“ +[i- Mj)mod NI that is in a

slot

frame with system frame number (SFN) SFN . satisfying SFN - mod 2=0 if L(O Vis +\_i ‘M j)/ N frame‘”J mod2=0, or

slot

in a frame with SFN satisfying SFN - mod 2 =1 if \_(O~2*‘ +\_i -M j)/Nframe'“Jmod 2=1. M and O are provided by

slot

Tables 13-11 and 13-12, and u < {0,1,23 } 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 n, and n, +1 is the first symbol index provided by Tables
13-11 and 13-12.

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 7, where 0 < T < Ly, — 1, two consecutive slots starting from slot n,
include the associated Type0-PDCCH monitoring occasions. The UE determines an index of slot n, as n, =

(0 - 2% + [T- M]) mod NT2™* that is in a frame with system frame number (SFN) SFN. satisfying SN, mod 2 = 0

slot

if|(0-2*+ 1 MJ)/Nframe’”J mod 2 = 0, or in a frame with SFN satisfying SFN. mod 2 = 1 if

slot

|(0 - 2# + |T- M])/NE2"*| mod 2 = 1. M and O are provided by Table 13-11, and u € {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 in slots n, and
ny + 1 is the first symbol index provided by Table 13-11. The UE does not expect to be configured with M = 1/2, or

with M = 2, when N3 = 1.

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
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SS/PBCH block with index 1, the UE determines the slot index ne and SFN . based on parameters provided by Tables
13-13 through 13-15.
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set

when {SS/PBCH block, PDCCH} SCSis {15, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols

Index multiplexing pattern N RoRESET Ng,onEESET 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 {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands operated with shared
spectrum channel access

Index SS/PBCH block and CORESET Number of RBs Number of Offset (RBs)
multiplexing pattern NSYRESET Symbols NEORESET
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/PBCH block, PDCCH} SCSis {15, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
iz multiplexing pattern NSSRESET Noog o' izt =z

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} SCSis {30, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/IPBCH block and CORESET Number of RBs | Number of Symbols
et multiplexing pattern N QoRESET Noop o' Offset (RBs)
0 1 48 1 2
1 1 48 1 6
2 1 48 2 2
3 1 48 2 6
4 1 48 3 2
5 1 48 3 6
6 1 96 1 28
7 1 96 2 28
8 1 96 3 28
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
e e multiplexing pattern NSSRESET Noop o' izt =z
0 1 24 2 0
1 1 24 2 1
2 1 24 2 2
3 1 24 2 3
4 1 24 2 4
5 1 24 3 0
6 1 24 3 1
7 1 24 3 2
8 1 24 3 3
9 1 24 3 4
10 1 48 1 12
11 1 48 1 14
12 1 48 1 16
13 1 48 2 12
14 1 48 2 14
15 1 48 2 16

Table 13-4A: Set of resource blocks and slot symbols of CORESET for Type0O-PDCCH search space
set when {SS/PBCH block, PDCCH} SCSis {30, 30} kHz for frequency bands operated with shared
spectrum channel access

Index SS/PBCH _bIocI_< and CORESET Number of RBs Number of Offset (RBS)
multiplexing pattern NSORESET Symbols NgoResET
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/PBCH block, PDCCH} SCSis {30, 15} kHz for frequency bands with minimum channel
bandwidth 40MHz

ndex | SSIPBCH block and CORESET | Number of RBs N”mbercg;;{mbo's S
multiplexing pattern N QoRESET Nsynb
0 1 48 1 4
1 1 48 2 4
2 1 48 3 4
3 1 96 1 0
4 1 96 1 56
5 1 96 2 0
6 1 96 2 56
7 1 96 3 0
8 1 96 3 56
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz

SSIPBCH block and CORESET | Number of RBs | Number of Symbols
X33 multiplexing pattern NICORESSY Neo o Ot (2
0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 4
4 1 48 1 0
5 1 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 1 48 3 28
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-7: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {120, 60} kHz

SS/IPBCH block and CORESET Number of RBs Number of
e e multiplexing pattern NISORESSY Symbols NgopeT Offset (RBs)
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
4 1 48 3 0
5 1 48 3 8
6 1 96 1 28
7 1 96 2 28
41 if Keeg =0
8 2 48 1 58
-42 if Kggg >0
9 2 48 1 49
-41 if kSSB = 0
10 2 96 1
-42 if kSSB >0
11 2 96 1 97
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-8: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz

ndex SSIPBCH block and CORESET Number of RBs Number of Offset (RBs)
multiplexing pattern NRg ESET Symbols NSEEET
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
20if Kegg =0
A 3 04 5 SSB
21 if Kggg >0
5 3 24 2 24
-20 if ksss =0
6 3 48 2
21 if Kgg >0
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

3GPP




Release 16

138

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

Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {240, 60} kHz

SS/IPBCH block and CORESET Number of RBs | Number of Symbols
e e multiplexing pattern NICORESE \ ot Offset (RBs)
0 1 96 1 0
1 1 96 1 16
2 1 96 2 0
3 1 96 2 16
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-10: Set of resource blocks and slot symbols of CORESET for Type0O-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

/ block and Number of RBs Number of
SS/PBCH block and CORESET Symbols
Index multiplexing pattern N SORESET N CORESET Offset (RBs)
symb
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
-41if Ksgg =0
4 2 24 1
42 if kSSB >0
5 2 24 1 25
41 if Kegg =0
6 ) 48 1 SSB
-42 if Kggg >0
7 2 48 1 49
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR1

Index O AU sea;tlzcr:tspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0,if 1 is even}, {NSoF=ETif 1 is odd}
2 2 1 1 0
3 2 2 1/2 {0,if 1 is even}, { NSoF=Tif 1 is odd}
4 5 1 1 0
5 5 2 1/2 {0,if I is even}, { Noop oo, if i is odd}
6 7 1 1 0
7 7 2 1/2 {0,if I is even}, { Noop oo, if i 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 Type0O-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR2

Index O Number of searscl:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0,if 1 is even}, {7, if I is odd}
2 2.5 1 1 0
3 25 2 1/2 {0,if 1 iseven}, {7,if | is odd}
4 5 1 1 0
5 2 1/2 {0,if 1 is even}, {7, if I is odd}
6 2 1/2 {0, if I is even}, { Neog o if I is odd}
7 2.5 2 1/2 {0,if 1 is even}, { NSoR=ET ,if 1 is odd]}
8 5 2 1/2 {0,if I is even}, { Nomo oot if i is odd}
9 7.5 1 1 0
10 75 2 1/2 {0,if I iseven}, {7,if I is odd}
11 75 2 1/2 {0,if 1 is even}, { NSog=T,if 1 is odd]}
12 0 1 2 0
13 5 1 2 0
14 Reserved
15 Reserved
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Table 13-13: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 2 and {SS/PBCH block, PDCCH} SCS {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number) F'EEt:zrqul |r11g)ex
0 SFN. :SFNSSB,i 0,1, 6,7 for
Ne = Nggpj i=4k,i=4k+1,i=4k+2,i=4k+3
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-14: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 2 and {SS/PBCH block, PDCCH} SCS {240, 120} kHz

Index PDCCH monitoring occasions First symbol index
(SEN and slot number) (k=0,1,....7)
0,1,23,0,1ini=8k,i=8k+1,i=8k+2,i=8k+3,
0 SFNCZSFNSSBJ i=8k+6,i=8k+7 (nC =nSSB,i )
o =Nssai O Mo = Nosei 1 12,13in i =8k +4, i =8K +5 (N, =Nggg; —1)
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-15: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz

Index PDCCH monitoring occasions (SFN and slot number) F'EEt:zrqul |r11(51)ex
SFN¢ =SFNggg; 4,8,2,6in
0
Ne =Nggp; i=4k,i=4k+1,i=4k+2,i=4k+3

1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

If a UE detects a first SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and
for 24 <ky, <29 for FR1 or for 12 <k, <13 for FR2, the UE may determine the nearest (in the corresponding

frequency direction) global synchronization channel number (GSCN) of a second SS/PBCH block having a CORESET
for an associated Type0-PDCCH CSS set as Ngse’é'ﬁnce + Nggsce}u. NZekrenee js the GSCN of the first SS/PBCH block and
N et 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 Type0O-PDCCH CSS set is not present, and for
kesg =31 for FR1 or for Kz =15 for FR2, the UE determines that there is no SS/PBCH block having an associated
Type0-PDCCH CSS set within a GSCN range [NSser™ — Noson: Nocer®™ + Ngag ] NS&t and NE9  are
respectively determined by controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1. If the GSCN range is
[NEerence NSE*®] 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.
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Table 13-16: Mapping between the combination of ksz and controlResourceSetZero and

searchSpaceZero in pdcch-ConfigSIB1 to NgfgtN for FR1

Kess 16xcontrolResourceSetZero N Ofet
+searchSpaceZero esion

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

Table 13-17: Mapping between the combination of ksz and controlResourceSetZero and

searchSpaceZero in pdcch-ConfigSIB1 to NgfgtN for FR2

k 16xcontrolResourceSetZero N Ofet

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 IAB-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/slots within the frames containing
PRACH occasions as described in [4, TS 38.211].

The 1AB-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.

3GPP



Release 16 143 3GPP TS 38.213 V16.1.0 (2020-03)

Table 14.1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion
association period for an IAB-node MT

. . . Association period (number of PRACH

PRACH configuration period (msec) 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 [}

If an IAB-node is provided a value Ty, from a serving cell, the IAB-node may assume that (NTA + NTA’OffSCt) -T./2 +
Tyera 1S @ time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the
IAB-node MT when (Nta + Nraoftse) * Te/2 + Tera > 0, Where Npy and Ny oppe; are obtained as for a "UE" in Clause
4.2 for the TAG containing the serving cell. The IAB-node may use the time difference to determine a DU transmission
time.

A slot format for an 1AB-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-1AB-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-1AB-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-1AB-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 9] 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 ) F D
79 U U ] ] ] ) U U U U U F F D
80 U U ] ] ] ) U U U U F F F D
81 U U ] U U ) U U U U U F D D
82 U U ] U U ) U U U U F F D D
83 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 ] 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 ] 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 ) F F D D D D D D
96 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 1AB-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 1AB-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

- the IAB-node MT does not transmit or receive in the symbol, or

- the IAB-node MT would transmit or receive in the symbol, and the transmission or reception in the symbol is not
changed due to a use of the symbol by the 1AB-node DU, or
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- the IAB-node MT detects a DCI format 2_5 with an Al index field value indicating the soft symbol as available
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 transmit a SS/PBCH block,
PDCCH for Type0-PDCCH CSS sets configured by pdcchConfigSIB1, 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 Availabilitylndicator, 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-1AB, for monitoring PDCCH.

For each serving cell of an IAB-node DU in a set of serving cells of the IAB-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 (Al) index field in DCI format 2_5 by positionInDCI-Al

- 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

The IAB-node DU can assume a same SCS configuration for availabilityCombinations for a serving cell as an SCS
configuration provided by 1AB-DU-Resource-Configuration-TDD-Config for the serving cell.

An Al index field value in a DCI format 2_5 indicates to an IAB-node DU a soft symbol availability in each slot for a

number of slots 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-1AB. The Al index field

includes max{[log,(maxAlindex +1)]1} 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
0 No indication of availability for soft symbols
1 DL soft symbols are indicated available
No indication of availability for UL and Flexible soft symbols
2 UL soft symbols are indicated available
No indication of availability for DL and Flexible soft symbols
3 DL and UL soft symbols are indicated available
No indication of availability for Flexible soft symbols
4 Flexible soft symbols are indicated available
No indication of availability for DL and UL soft symbols
5 DL and Flexible soft symbols are indicated available
No indication of availability for UL soft symbols
6 UL and Flexible soft symbols are indicated available
No indication of availability for DL soft symbols
7 DL, UL, and Flexible soft symbols are indicated available

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 IAB-node MT obtains at a PDCCH monitoring occasion for DCI format 2_5 by
a corresponding Al index field value, and the 1AB-node MT detects more than one DCI formats 2_5 indicating an
availability combination of soft symbols in a slot, the IAB-node MT 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.
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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 a target MCG and a source MCG using NR radio access in FR1 and/or in FR2, the UE is
configured a maximum power Py for transmissions on the target MCG by p-DAPS-FR1 and/or by p-DAPS-FR2 and a
maximum power P for transmissions on the source MCG by p-DAPS-FR1 and/or by p-DAPS-FR2 and with an inter-
CG power sharing mode by UplinkPowerSharingDAPS-HO-mode for FR1 and/or by UplinkPowerSharingDAPS-HO-
mode for FR2. The UE determines a transmission power on the target MCG and a transmission power on the source
MCG 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 N3 5" 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 Nig:°® 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.

For DAPS operation in a same frequency band, a UE does not transmit PUSCH/PUCCHY/SRS to the source MCG in a
slot when the transmission would overlap in time with a PRACH transmission to the target MCG or when a gap
between a first or last symbol of a PRACH transmission to the target MCG in a first slot would be separated by less
than N symbols from a last or first symbol, respectively, of the PUSCH/PUCCH/SRS transmission to the source MCG
inasecondslot. N =2foruy=00ru=1,N =4 foru=2oru=3,and u is the SCS configuration of the active UL
BWP for the PUSCH/PUCCH/SRS transmission to source MCG.
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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 SL 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/PSBCH 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
provided by LTESidelinkSSBPriority. A priority of an S-SS/PSBCH 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 a S-PSS
symbol, a S-SSS symbol, and a PSBCH symbol have a same transmission power. 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/PSBCH block is aligned
with a subcarrier with index 0 in the SL BWP.

A UE is provided, by numSSBwithinPeriod-SL, a number N,-358 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 Nyas>+Nineane * is—ssg, Where

- index O corresponds to a first slot in a frame with SFN satisfying (SFN mod 16) = 0

- ig_gsp IS @ S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 0 < ig_gqp <
NS—SSB -1

period

- N3:55B js a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by
timeOffsetSSB-SL
- N355SB is aslot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL

interva

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
16.2.0 S-SS/PSBCH blocks

A UE determines a power Py g (i) for an S-SS/PSBCH block transmission occasion in slot i as
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Ps ssp (i) = min(Peyiax, Pos-sse + 1010910 (2% - MRg®*®) + as_ssp - PL) [dBm]
where

- Pcyax is defined in [8-1, TS 38.101-1]

- Pys—ssp is a value of p0-DL-S-SSB if provided; else, Ps.ssg (i) = Pomax

- ag_gsp IS avalue of alpha-DL-S-SSB, if provided; else, ag_gsg = 1

- PL =PLys.(qq) as described in Clause 7.1.1

- M5B = 11 is a number of resource blocks for a S-SS/PSBCH block transmission with SCS configuration u

16.2.1 PSSCH

A UE determines a power Ppgscy p ¢ (i) for a PSSCH transmission on a resource pool in symbols where a corresponding
PSCCH is not transmitted in PSCCH-PSSCH transmission occasion i as

Ppgscu (i) = min (PCMAX' Pyviax cero min(PPSSCH,D ®, Pogscmse (l))) [dBm]

where
- Pcuax is defined in [8-1, TS 38.101-1]

- Pumaxcar 1S 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, Pyax cgr = 0

- if p0-DL-PSCCHPSSCH is provided
- Pesscu,p (1) = Pop +101ogso (2” : Mg}sgscn(i)) + ap - PLp [dBm]
- elseif p0-SL-PSCCHPSSCH is provided
Ppssci,p () = min(Pemax, Puax,cers Pesscrsi (1)) [dBmM]
- else
Pssc,p (1) = min(Peyiax, Puax,cer) [dBM]
where
- Pyp isavalue of p0-DL-PSCCHPSSCH if provided
- ap isavalue of alpha-DL-PSCCHPSSCH, if provided; else, ap = 1
- PLp = PLy.(qq) as described in Clause 7.1.1

- MESSCH (D) is a number of resource blocks for the PSSCH transmission occasion i and u is a SCS
configuration

- if p0-SL-PSCCHPSSCH and alpha-SL-PSCCHPSSCH are provided
- Pesscirs (D) = Posy + 10logso (2 - MES(@)) + ag, - PLg, [dBm]
- else
- Ppsscu(D) = min(Pemax, Pesscup () [dBm]
where
- Py is avalue of p0-SL-PSCCHPSSCH, if provided

- ag, is avalue of alpha-SL-PSCCHPSSCH, if provided; else, a5, = 1
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- PLg, = referenceSignalPower - higher layer filtered RSRP, where

- referenceSignalPower is obtained from a PSSCH transmit power per RE per antenna port of the
UE, higher layer filtered across PSSCH transmission occasions using a filter configuration provided
by filterCoefficient-SL, 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

- MESSCH(D) is a number of resource blocks for PSCCH-PSSCH transmission occasion i and u is a SCS
configuration

The UE splits the power Ppggc (i) equally across the antenna ports on which the UE transmits the PSSCH with non-
Zero power.

A UE determines a power Ppgscya b, (i) for a PSSCH transmission on a resource pool in the symbols where a
corresponding PSCCH is transmitted in PSCCH-PSSCH transmission occasion i as

ME]SgSCH (i)—ME%CCH )

Ppgscuz (i) = 10 10910( MESSCH(;) ) + Ppsscu (i) [dBm]
RB

where MESCCH (i) is a number of resource blocks for the corresponding PSCCH transmission in PSCCH-PSSCH

transmission occasion i.

The UE splits the power Ppgscn2 (i) equally across the antenna ports on which the UE transmits the PSSCH with non-
Zero power.

16.2.2 PSCCH

A UE determines a power Ppsccp p ¢ (i) for a PSCCH transmission on a resource pool in PSCCH-PSSCH transmission
occasion i as

PSCCH;
MERT (D)

Ppscen (i) = 101logq, (m) + Ppgscu (i) [dBm]
RB
where
- Ppgscu (D) is specified in Clause 16.2.1

MESEEH (i) is a number of resource blocks for the PSCCH transmission in PSCCH-PSSCH transmission occasion
i

MESSCH (i) is a number of resource blocks for PSCCH-PSSCH transmission occasion i

16.2.3 PSFCH

A UE determines a power Ppgrcy (i) for a PSFCH transmission k on a resource pool in PSFCH transmission occasion i
as

Poseci (i) = min(Pevax, Po psren + 1010919 (2%) + @prsey - PL) [dBm]
where
- Pcymax 1S defined in [8-1, TS 38.101-1]
- Popsrcn is a value of p0-DL-PSFCH if provided; else, Ppspen (1) = Pemax
- appscy 1S a value of alpha-DL-PSFCH, if provided; else, appsey = 1
- PL =PLys.(qq) as described in Clause 7.1.1

- 1<k < N where N is a number of PSFCH transmissions in PSFCH transmission occasion i as described in
Clause 16.2.4.2
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16.2.4 Perioritization of transmissions/receptions

16.2.4.1 Simultaneous NR and E-UTRA transmission/reception

Ifa 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 M PSFCHSs in a PSFCH transmission occasion, the UE transmits min(M, N) PSFCHs
corresponding to the smallest min(M, N) priority field values indicated in all SCI formats 0_1 associated with the
PSFCH transmission occasion.

16.2.4.3 Simultaneous SL and UL transmissions
Ifa 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 Pyax
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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 Pcyax

- 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 Poyax

16.3  UE procedure for reporting HARQ-ACK on sidelink

A UE can be indicated by an SCI format scheduling a PSSCH reception, in one or more sub-channels from a number of
NEPSSCH 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 from the UE 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 ZY X field in a SCI format 0_2 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§Ri it 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
NESESH PSSCH slots associated with a PSFCH slot, provided by periodPSFCHresource, the UE allocates the

[(i+j - NESEG) - MESESH o0 (i + 1+ j - NESEG) - MESESH . — 1] PRBs from the MEREC, PRBs to slot i and sub-
channel j, where MESESH = MESECH /(Ngupen - NESSGED), 0 < i < NESEGH, 0 < j < Nyypep, and the allocation starts in

an ascending order of i and continues in an ascending order of j. The UE expects that MES5eE, is a multiple of Ny, -
NpSscit -

A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH
transmission as Rppp s = Nomec - Miparsior - N&sT <1 where NESFEH is a number of cyclic shift pairs for the resource
pool and, based on an indication by higher layers,

NESEH = 1 and the Mo, PRBs are associated with the starting sub-channel of the corresponding PSSCH

NESECH = NPASCH and the NEH - Min i PRBs are associated with one or more sub-channels from the

NPSSCH sub-channels of the corresponding PSSCH

The PSFCH resources are first indexed according to an ascending order of the PRB index, from the NESECH . pSFSH

type
PRBs, and then according to an ascending order of the cyclic shift pair index from the NSF! cyclic shift pairs.

A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception, as
(P + Mip)modREZECHS where Py, is a physical layer source 1D provided by SCI format 0_2 [5, TS 38.212] scheduling
the PSSCH reception, My, is zero or My, is the identity of the UE receiving the PSSCH as indicated by higher layers.

A UE determines a m, value, for computing a value of cyclic shift a [4, TS 38.211], from a cyclic shift pair index
corresponding to a PSFCH resource index and from NESF" using Table 16.3-1.

Table 16.3-1: Set of cyclic shift pairs

m,
NPSFCH : : : : : : : : : : : :
cs Cyclic Shift | Cyclic Shift | Cyclic Shift [ Cyclic Shift [ Cyclic Shift | Cyclic Shift
Pair Index 0 | Pair Index 1 | Pair Index 2 | Pair Index 3 | Pair Index 4 | Pair Index 5
1 0 - - - - -
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2 0 3 - - - -
3 0 2 4 - - -
6 0 1 2 3 4 5

A UE determines a m,, value, for computing a value of cyclic shift a [4, TS 38.211], as in Table 16.3-2 or Table 16.3-
3 as indicated by a SCI format scheduling a PSSCH reception. The UE applies one cyclic shift from a cyclic shift pair to
a sequence used for the PSFCH transmission [4, TS 38.211].

Table 16.3-2: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair,
of a sequence for a PSFCH transmission when HARQ-ACK information includes ACK or NACK

HARQ-ACK Value 0 (NACK) 1 (ACK)
Sequence cyclic shift 0 6

Table 16.3-3: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair,
of asequence for a PSFCH transmission when HARQ-ACK information includes only NACK

HARQ-ACK Value 0 (NACK) 1 (ACK)
Sequence cyclic shift 0 N/A

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.

A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 1 [6, TS38.214]
- sets a value of a HARQ process ID field as indicated by higher layers

- for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the
UE

- toggles the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is toggled

- does not toggle the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is not
toggled

- for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-
RNTI, the UE does not toggle the NDI field value in SCI format 0_1.

16.5 UE procedure for reporting HARQ-ACK on uplink

A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information 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 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
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- 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

- generate ACK when the UE determines ACK from at least one PSFCH reception for the number of PSFCH
reception occasions of a PSFCH resource with an index with My, as determined in Clause 16.3, for every
identity M, of the UEs expected to receive the PSSCH, as indicated by higher layers; otherwise, generate
NACK.

The UE generates NACK when, due to prioritization, as described in Clause 16.2.4, the UE does not receive PSFCH in
any PSFCH reception occasion associated with a PSSCH transmission in a resource provided by a DCI format 3_0 with
CRC scrambled by a SL-RNTI or, for a configured grant, in a resource provided in a single period and for which the UE
is provided a PUCCH resource to report HARQ-ACK information.

The UE generates NACK when, due to prioritization as described in Clause 16.2.4, the UE does not transmit a PSSCH
in any of the resources provided by a DCI format 3_0 with CRC scrambled by SL-RNTI or, for a configured grant, in
any of the resources provided in a single period and for which the UE is provided a PUCCH resource to report HARQ-
ACK information. The UE generates ACK if the UE does not transmit a PSCCH with a SCI format 0_1 scheduling a
PSSCH in any of the resources provided by a configured grant in a single period and for which the UE is provided a
PUCCH resource to report HARQ-ACK information.

With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending in slot 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 k 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.

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.

16.6  UE procedure for LTE sidelink transmission

If the UE detects a DCI format 3_1 with CRC scrambled by SL-L-CS-RNTI in slot n, the DCI format 3_1 activates or
releases an LTE sidelink SPS configuration that is indicated by a SL SPS configuration index field [5, TS38.212]. If the
DCI format 3_1 activates an SL SPS configuration, the UE procedure for transmitting a PSCCH and a PSSCH is as
described in [13, TS36.213] except that a transmission starts no earlier than Tp¢; — % X Tec + X + (4 + m) ms, where
Tp¢; is a start time of slot n, N, and T, are defined in [4, TS 38.211], X is a value indicated by a Timing offset field in

DCI format 3_1, and m is a value indicated by SL index field in DCI format 3_1 if the SL index field is present;
otherwise, m = 0.
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