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

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

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

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

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

The present document specifies and establishes the characteristics of the physical layer procedures for control
operationsin 5G-NR.

2 References

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

[1] 3GPP TR 21.905: "V ocabulary 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’
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3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions givenin [1, TR 21.905] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in[1, TR 21.905].

3.2 Symbols
For the purposes of the present document, the following symbols apply:
3.3 Abbreviations

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].

BWP
CB
CBG
CCE
CP
CRC
csl
DAI
DC
DCI
DL
DL-SCH
EPRE
EN-DC
FR
GSCN
HARQ-ACK
MCG
MCS
NN-DC
PBCH
PCell
PDCCH
PDSCH
PRACH
PRB
PRG
PSCell
PSS
PUCCH
PUCCH-SCell
PUSCH
QCL
RB

RE
RLM
RRM
RS
RSRP
SCG
SFN
SPS
SR

Bandwidth part

Code block

Code block group

Control channel element

Cyclic prefix

Cyclic redundancy check
Channel state information
Downlink assignment index

Dual connectivity

Downlink control information
Downlink

Downlink shared channel

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

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

Modulation and coding scheme
NR NR dual connectivity
Physical broadcast channel
Primary cell

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

Physical resource block group
Primary secondary cell

Primary synchronization signal
Physical uplink control channel
PUCCH SCell

Physical uplink shared channel
Quasi-collocation

Resource block

Resource element

Radio link monitoring

Radio resource management
Reference signal

Reference signal received power
Secondary cell group

System frame number
Semi-persistent scheduling
Scheduling request

ETSI
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SRI

SRS
SSS

TA
TAG
UCl

UE

UL
UL-SCH

SRS resource indicator

Sounding reference signa
Secondary synchronization signal
Timing advance

Timing advance group

Uplink control information

User equipment

Uplink

Uplink shared channel

ETSI
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4 Synchronization procedures
4.1 Cell search

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

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

A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive
symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE assumes that SSS, PBCH DM-RS, and
PBCH data have the same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS'PBCH block is
either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the
ratio of PDCCH DMRS EPRE to SSS EPRE iswithin -8 dB and 8 dB when the UE monitors PDCCHs for a DCI
format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI.

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

- Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of
{2, 8}+14- n. For carrier frequencies smaller than or equal to 3 GHz, n=0,1. For carrier frequencies larger than
3 GHz and smaller than or equal to 6 GHz, n=0,1, 2, 3.

- CaseB - 30 kHz subcarrier spacing: 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 larger

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

- Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes
{2,8}+14-n.

- For paired spectrum operation

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

- For unpaired spectrum operation

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

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

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

From the above cases, if the subcarrier spacing of SS/PBCH blocksis not provided by higher layer parameter
subcarrier Spacing, 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 a30 kHz SS/PBCH block
subcarrier spacing isindicated by higher layer parameter subcarrier Spacing, Case B applies for frequency bands with
only 15 kHz SS/PBCH block subcarrier spacing as specified in[8-1, TS 38.101-1], and the case specified for 30kHz
SS/PBCH block subcarrier spacing in [8-1, TS 38.101-1] applies for frequency bands with 30 kHz SS/PBCH block
subcarrier spacing or both 15 kHz and 30 kHz SS/PBCH block subcarrier spacing as specified in [8-1, TS 38.101-1].
For a UE configured to operate with carrier aggregation over a set of cellsin a frequency band of frequency range 2, if
the UE is provided values of subcarrier spacings by higher layer parameter subcarrier Spacing for receptions of
SS/PBCH blocks on any cells from the set of cells, the UE expects the values to be same.

ETSI
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The candidate SS/PBCH blocksin a half frame are indexed in an ascending order intimefromOto L-1. A UE
determinesthe 2 LSB bits, for L =4, or the 3 LSB bits, for L >4, of a SSYPBCH block index per half frame from a
one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For L = 64 , the UE determines
the 3 MSB bits of the SSPBCH block index per half frame from PBCH payload bits a; . .,a5,,.a;,, asdescribed in [4,

A+5' CA+6?
TS38.212].

For SSYPBCH blocks providing higher layer parameter Master | nformationBlock to a UE, the UE can be configured by
higher layer parameter ssb-PositionsinBurst in Systeml nformationBlockTypel, indexes of the SS/PBCH blocks for
which the UE does not receive other signals or channelsin REs that overlap with REs corresponding to the SS/PBCH
blocks. The UE can aso be configured per serving cell, by higher layer parameter ssb-PositionsinBurst in
ServingCellConfigCommon, indexes of the SS/PBCH blocks for which the UE does not receive other signals or
channelsin REs that overlap with RES corresponding to the SS/PBCH blocks. A UE expects a configuration provided
by ssb-PositionsinBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsinBurst
in Systeml nformationBlockTypel. A UE can be provided per serving cell by higher layer parameter ssb-
periodicityServingCell a periodicity of the half frames for reception of the SSYPBCH blocks for the serving cell. If the
UE isnot configured a periodicity of the half frames for receptions of the SS/PBCH blocks, the UE assumes a
periodicity of ahalf frame. A UE assumes that the periodicity is same for al SS/PBCH blocks in the serving cell.

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

Upon detection of a SS/PBCH block, the UE determines that a control resource set for Type0-PDCCH common search
space, as described in Subclause 13, is present if Kegg <23 [4, TS 38.211] for FR1 or if kg <11 for FR2. The UE
determines that a control resource set for Type0-PDCCH common search space is not present if ke >23 for FR1 or if
Ksss >11 for FR2.

For aserving 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 avalue N;, . Of atiming advance offset for aserving cell by higher layer parameter n-

TimingAdvanceOffset for the serving cell. If the UE is not provided higher layer parameter n-TimingAdvanceOffset for a
serving cell, the UE determines a default value Ny, o Of thetiming advance offset for the serving cell as described in

[10, TS 38.133].

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

Upon reception of atiming advance command or of atiming adjustment indication for a TAG, the UE adjusts uplink
timing for PUSCH/SRS/PUCCH transmission on all the serving cellsin the TAG based on avaue Ny, g that the UE

expects to be same for all the serving cells and based on the received timing advance command or the timing adjustment
indication where the uplink timing for PUSCH/SRS/PUCCH transmissionsis the same for all the serving cellsin the
TAG.

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

subcarrier spacing 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-T, / 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, , foraTAG indicates N, values
by index valuesof T, =0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with subcarrier spacing

of 2#.15 kHzis N;, =T, -16-64/2“ . N,, isdefinedin[4, TS38.211] and is relative to the subcarrier spacing of the
first uplink transmission from the UE after the reception of the random access response.
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In other cases, atiming advance command [11, TS 38.321], T, , for aTAG indicates adjustment of a current N,
vaue, N, 4, tothenew N;, value, N, ., ,byindex valuesof T, =0,1,2,.., 63, where for a subcarrier spacing of

215 kHz, Nip oy = Nia ga+(Ta —31)-16-64/2¢ .

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

with the timing advance granularity for the UL BWP with the lower subcarrier spacing while satisfying the timing
advance accuracy requirementsin [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 atiming advance command received on uplink slot n, the corresponding adjustment of the uplink transmission
timing applies from the beginning of uplink slot n+k +1 where k= (N;'g?”amw (N + N+ NTAmaX+O.5)/TSf -‘  Np,
isatime duration of N; symbols corresponding to a PDSCH reception time for UE processing capability 1 when
additional PDSCH DM-RSis configured, N;, isatimeduration of N, symbols corresponding to a PUSCH
preparation time for UE processing capability 1 [6, TS 38.214], Nqa . IS the maximum timing advance value that can

be provided by a TA command field of 12 bits, N32"™™* s anumber of slots per subframe, and T4 isthe subframe
duration of 1 msec. N; and N, are determined with respect to the minimum subcarrier spacing among the subcarrier
spacings of all configured UL BWPsfor all uplink carriersin a TAG and of their corresponding configured DL BWPs
as described in Subclause 12. Slot n and N33 are determined with respect to the minimum subcarrier spacing
among the subcarrier spacings of all configured UL BWPsfor all uplink carriersinthe TAG. N, ., isdetermined

with respect to the minimum subcarrier spacing among the subcarrier spacings of all configured UL BWPsfor all
uplink carriersin the TAG and for the initial UL BWP provided by higher layer parameter initialuplinkBWP.

If a UE changes an active UL BWP between a time of atiming advance command reception and a time of applying a
corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value
based on the subcarrier spacing of the new active UL BWP. If the UE changes an active UL BWP after applying an
adjustment for the uplink transmission timing, the UE assumes a same absol ute timing advance command val ue 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 dueto a TA command, the latter dot is reduced in duration relative to the former dot.

4.3 Timing for secondary cell activation / deactivation

When a UE receives an activation command [11, TS 38.321] for a secondary cell in slot n, the UE applies the
corresponding actionsin [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no
earlier than slot n+k, except for the following:

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

- theactions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
appliesin dot n+k

- theactionsrelated to CSI reporting on a serving cell which is not active in slot n+k that the UE appliesin the
earliest dot after n+k in which the serving cell is active.

If a UE receives a deactivation command [11, TS 38.321] for a secondary cell or the sCellDeactivationTimer associated
with the secondary cell expiresin slot n, the UE applies the corresponding actionsin [11, TS 38.321] no later than the
minimum requirement defined in [10, TS 38.133], except for the actions related to CSl reporting on a serving cell which
is active which the UE appliesin slot n+k.
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5 Radio link monitoring

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

If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rIf-TimersAndConstantsis
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 higher layer parameters RadioLinkMonitoringRS, for radio link monitoring by higher layer
parameter failureDetectionResources. The UE is provided either a CSI-RS resource configuration index, by higher layer
parameter csi-RS-Index, or a SS/PBCH block index, by higher layer parameter ssb-Index. The UE can be configured

withupto N, r_r v RadioLinkMonitoringRSfor link recovery procedures, as decribed in Subclause 6, and for radio
link monitoring. Fromthe N g_s m RadioLinkMonitoringRS, up to Ng v RadioLinkMonitoringRS can be used for
radio link monitoring depending on a maximum number L of candidate SSYPBCH blocks per half frame as described
in Subclause 4.1, and up to two RadioLinkMonitoringRS can be used for link recovery procedures.

If the UE is not provided higher layer parameter RadioLinkMonitoringRS and the UE is provided by higher layer
parameter TCl-states for PDCCH receptions one or more RSs that include one or more of a CSI-RS and/or a SS/PBCH
block

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

- theUE isnot required to use for radio link monitoring an aperiodic or semi-persistent RS

A UE does not expect to use morethan Ng , RadioLinkMonitoringRS for radio link monitoring when the UE is not
provided higher layer parameter RadioLinkMonitoringRS.

Valuesof N g _rn and Ngy for different valuesof L aregivenin Table 5-1.

Table 5-1: N g rn and Ng., as afunction of maximum number L of SS/PBCH blocks per half frame

N\ r_rLm Ngiy
2 2
6 4
64 8 8

For a CSI-RS resource configuration, the higher layer parameter power Control OffsetSSis not applicable and a UE
expects to be provided only 'No CDM' from higher layer parameter cdm-Type, only '1' and '3' from higher layer
parameter density, and only '1 port' from higher layer parameter nrofPorts[6, TS 38.214].

If aUE is configured with multiple DL BWPs for a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexes provided by higher layer parameter RadioLinkMonitoringRS for the active DL BWP or, if
RadioLinkMonitoringRSis not provided for the active DL BWP, using the RS(s) provided for the active TCI state for
PDCCH receptionsin control resource sets 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
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higher layer parameter rimlnSyncOutOfSyncThreshold. The UE determines the indication period as the maximum
between the shortest periodicity for radio link monitoring resources and 10 msec.

In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qou and Qin) provided by higher
layer parameter 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 Qinfor any resource in the set of resources for radio
link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to
higher layers.

6 Link recovery procedures

A UE can be provided, for aserving cell, with aset G, of periodic CSI-RS resource configuration indexes by higher

layer parameter failureDetectionResources and with aset @, of periodic CSI-RS resource configuration indexes and/or
SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the
serving cell. If the UE isnot provided with higher layer parameter failureDetectionResour ces, the UE determines the set
0, to include periodic CSI-RS resource configuration indexes with same values as the RS indexesin the RS sets
indicated by higher layer parameter TCI-states for respective control resource sets that the UE uses for monitoring
PDCCH. The UE expectsthe set {, to include up to two RS indexes and, if there are two RSindexesin a TCl state, the

set q, includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single
port RSintheset Q.

The thresholds Qou,L.r @and Qin,Lr correspond to the default value of higher layer parameter
riminSyncOutOfSyncThreshold, as described in [10, TS38.133] for Qout, and to the value provided by higher layer
parameter rsrp-ThresholdSSB, respectively.

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

the threshold Qou,Lr. FOr the set @, , the UE assesses the radio link quality only according to periodic CSI-RS resource
configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of
PDCCH receptions monitored by the UE. The UE applies the Qinr threshold to the L1-RSRP measurement obtained
from a SS/PBCH block. The UE applies the Qinr threshold to the L 1-RSRP measurement obtained for a CSI-RS
resource after scaling a respective CSI-RS reception power with avalue provided by higher layer parameter

power Control OffsetSS.

The physical layer in the UE provides an indication to higher layers when the radio link quality for al corresponding
resource configurationsin the set G, that the UE uses to assess the radio link quality is worse than the threshold Qout,Lr-
The physical layer informs the higher layers when the radio link quality is worse than the threshold Qou,Lr With @
periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations
and/or SS/PBCH blocksin the set ©, that the UE usesto assess the radio link quality and 2 msec.

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

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

The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH
transmission as described in Subclause 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 SSYPBCH block associated with

index 0, provided by higher layers[11, TS 38.321], the UE monitors PDCCH in a search space set provided by
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higher layer parameter recoverySearchSpaceld for detection of a DCI format with CRC scrambled by C-RNTI or MCS-
C-RNTI starting from slot n+4 within awindow configured by higher layer parameter BeamFailureRecoveryConfig.
For the PDCCH monitoring and for the 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-ToReleaseList. After the UE
detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by
recoverySearchSpacel d, the UE continues to monitor PDCCH candidates in the search space set provided by
recoverySearchSpaceld until the UE receivesaMAC CE activation command for a TCI state or higher layer parameters
TCl-SatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseL.ist.

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 Subcaluses 7.1.1, 7.2.1, and 7.3.1.

A PUSCH/PUCCH/SRS/PRACH transmission occasion i isdefined by aslot index nf; within aframe with system
frame number SFN , afirst symbol S within the dot, and a number of consecutive symbols L .

7.1 Physical uplink shared channel

For a PUSCH transmission on active UL BWP b, as described in Subclause 12, of carrier f of serving cell ¢, aUE

first scalesalinear value ISPUSCHb,f,c(i’j'qd’l) of the transmit power Pu,geyp ¢ o(i, §.0g.1) , With parameters as defined

in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the
number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power
equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.

7.1.1 UE behaviour

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

PCMAX,f .c (I)l

Po_puschp, e (1) +10log,,(2“ -M gg,sb,crc D)+t ¢ (1) Ply g o(Ag) + Aqpp e (1) + Fo g (] )}
[dBm]

Pouscrp, fc(is J:10g,1) = mi n{

where,

Pewax, 1 ¢ (1) is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier
f of serving cell ¢ in PUSCH transmission occasion i .

- foruse s is A parameter composed of the sum of a component Py nowmar_pusc, ro (1) @nd acomponent
PO_UE_PUSCH,b,f,c(j) where je {O, 1..J —1}-
- If aUEisnot provided higher layer parameter PO-PUSCH-AlphaSet or for aMsg3 PUSCH transmission as
described in Subclause 8.3, l =0, PO_UE_PUSCH,f,c (0) =0, and PO_NOMINAL_PUSCH, f.c (0) = PO_PRE +APREAMBLE_MS;3
, Where the parameter preambleReceivedTargetPower [11, TS 38.321] (for R, pre ) and msg3-DeltaPreamble
(for Appeaveie wss) @€ provided by higher layersfor carrier f of serving cell ¢

- For aPUSCH (re)transmission configured by higher layer parameter ConfiguredGrantConfig, j =1,
Po_nowinaL_pusch.f (D is provided by higher layer parameter p0-NominalWithoutGrant, and
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Po_ue_puschn, 1 « (D is provided by higher layer parameter p0 obtained from p0-PUSCH-Alphain
ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetid to a set of higher layer parameters
PO-PUSCH-AlphaSet for active UL BWP b of carrier f of serving cell €

For je{2,...d-1=S,,a P, youma._suscn 1< (1) Value applicablefor al je S, , isprovided by higher
layer parameter p0-NominalWithGrant for each carrier f of serving cell ¢ and aset of Py e puscr b, 1o ()

values are provided by a set of higher layer parameters p0 in PO-PUSCH-AlphaSet indicated by a respective
set of higher layer parameters p0-PUSCH-AlphaSetld for active UL BWP b of carrier f of serving cell €

- If the UE is provided by higher layer parameter SRI-PUSCH-Power Control more than one values of p0O-
PUSCH-AlphaSetid and if DCI format 0_1 includes a SRI field, the UE obtains a mapping from higher
layer parameter sri-PUSCH-PowerControlld in SRI-PUSCH-Power Control between a set of values for
the SRI field in DCI format 0_1 [5, TS 38.212] and a set of indexes provided by higher layer parameter
pO-PUSCH-AlphaSetld that map to a set of PO-PUSCH-AlphaSet values. If the PUSCH transmission is
scheduled by a DCI format 0_1 that includes a SRI field, the UE determines the value of

Po ue puscrip.f.c(J) from the pO-PUSCH-AlphaSetiD value that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by aDCI format 0_1 that does not
include a SR field, or if ahigher layer parameter SRI-PUSCHPower Control is not provided to the UE,
j =2, and the UE determines Py, ¢ pyscip 1 c(J) fromthe value of the first higher layer parameter pO-

Pusch-AlphaSet in p0-AlphaSets

- For oy ¢ ()

PUSCH
M

For j=0, %fvc(O) isavaue of higher layer parameter msg3-Alpha, when provided; otherwise,
O (0)=1

For j=1, o, (1) isprovided by higher layer parameter alpha obtained from p0-PUSCH-Alphain
ConfiguredGrantConfig providing an index PO-PUSCH-AlphaSetid to a set of higher layer parameters PO-
PUSCH-AlphaSet for active UL BWP b of carrier f of serving cell ¢

For je S;,asetof ¢, .(j) valuesare provided by a set of higher layer parameters alpha in PO-PUSCH-

AlphaSet indicated by arespective set of higher layer parameters p0-PUSCH-AlphaSetld for active UL BWP
b of carrier f of servingcell ¢

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

the pO-PUSCH-AlphaSetI D value that is mapped to the SRI field value
- If the PUSCH transmission is scheduled by a DCI format 0_0 or by aDCI format 0_1 that does not

include a SR field, or if ahigher layer parameter SRI-PUSCH-Power Control is not provided to the UE,
j =2, and the UE determines ¢, ; () from the value of the first p0-PUSCH-AlphaSet higher layer

parameter in pO-AlphaSets

reb. ¢ (1) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion i on active UL BWP b of carrier f of servingcell ¢ and ¢ isasubcarrier
spacing configuration defined in [4, TS 38.211]

L, ¢ . () isadownlink pathloss estimate in dB calculated by the UE using reference signal (RS) index qy for

the active DL BWP, as described in Subclause 12, of serving cell ¢
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- If the UE isnot provided higher layer parameter PUSCH-Pathl ossReferenceRS or before the UE is provided
dedicated higher layer parameters, the UE calculates PL, ; .(q,) using a RS resource from the SSPBCH

block that the UE uses to obtain higher layer parameter Master Infor mationBlock

- If the UE is configured with a number of RS resource indexes, up to the value of higher layer parameter
maxNrof PUSCH-Pathl ossReferenceRSs, and a respective set of RS configurations for the number of RS
resource indexes by higher layer parameter PUSCH-PathlossReferenceRS, the set of RS resource indexes can
include one or both of a set of SS/PBCH block indexes, each provided by higher layer parameter ssb-Index
when avalue of a corresponding higher layer parameter pusch-Pathl ossReferenceRS-1d maps to a SS/PBCH
block index, and a set of CSI-RS resource indexes, each provided by higher layer parameter csi-RS-Index
when avalue of a corresponding higher layer parameter pusch-PathlossReferenceRS-1d mapsto a CSI-RS

resource index. The UE identifiesa RS resource index 0 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 higher layer parameter pusch-
PathlossReferenceRS-1d in PUSCH-Pathl ossReferenceRS

- If the PUSCH isan Msg3 PUSCH, the UE uses the same RS resource index ¢, asfor acorresponding
PRACH transmission

- If the UE is provided higher layer parameter SRI-PUSCH-PowerControl and more than one values of
PUSCH-Pathl ossReferenceRS:1d, the UE obtains a mapping from higher layer parameter sri-PUSCH-
PowerControlld in SRI-PUSCH-Power Control between a set of values for the SRI field in DCI format 0_1
and a set of PUSCH-PathlossReferenceRS1d values. If the PUSCH transmission is scheduled by a DCI

format 0_1, DCI format 0_1 includes a SRI field and the UE determines the RS resource index 0 from the
value of higher layer parameter PUSCH-Pathl ossReference-1d that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format 0_0, and if the UE is provided a spatial setting by
higher layer parameter PUCCH-Spatialrelationinfo for a PUCCH resource with alowest index for active UL

BWP b of each carrier f and serving cell ¢, as described in Subclause 9.2.2, the UE uses the same RS
resource index ¢ asfor aPUCCH transmission in the PUCCH resource with the lowest index

- If the PUSCH transmission is scheduled by a DCI format 0_0 and if the UE is not provided a spatial setting
for aPUCCH transmission, or by a DCI format 0_1 that does not include a SRI field, or if ahigher layer

parameter SRI-PUSCH-PowerControl is not provided to the UE, the UE determines a RS resource index 0
with arespective higher layer parameter PUSCH-Pathl ossReference-1d value being equal to zero

- For aPUSCH transmission configured by higher layer parameter ConfiguredGrantConfig, if higher layer
parameter rrc-ConfiguredUplinkGrant isincluded in ConfiguredGrantConfig , a RS resource index Q4 is

provided by avalue of higher layer parameter pathl ossReferencelndex included in rrc-
ConfiguredUplinkGrant

- For aPUSCH transmission configured by higher layer parameter ConfiguredGrantConfig that does not
include higher layer parameter rrc-ConfiguredUplinkGrant, the UE determines a RS resourceindex g, from
avalue of PUSCH-PathlossReferenceRS-1d that is mapped to a SRI field valuein 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 resourceindex ¢; with arespective higher layer parameter PUSCH-

Pathl ossReferenceRS-1d value being equal to zero

PL .(q4) = referenceSgnalPower — higher layer filtered RSRP, where referenceSgnal Power is provided by

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

If the UE is not configured periodic CSI-RS reception, referenceSgnal Power is provided by higher layer
parameter ss-PBCH-BlockPower. If the UE is configured periodic CSI-RS reception, referenceSgnal Power is
provided either by higher layer parameter ss-PBCH-BlockPower or by higher layer parameter

power Control OffsetSS providing an offset of the CSI-RS transmission power relative to the SS/PBCH block
transmission power [6, TS 38.214]. If higher layer parameter power Control OffsetSSis not provided to the UE,
the UE assumes an offset of 0 dB.
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Arey; o(1) =1010g,, (2575 —1). BPUSH) for Ky =1.25 and Arey( o(i) =0 for Kg =0 where Kg is
provided by higher layer parameter deltaMCSfor 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 S , for active
UL BWP b of each carrier f and each serving cell ¢, are computed as below

C-1

- BPRE= K, / Nge for PUSCH with UL-SCH dataand BPRE = O, / N, for CSl transmissionina

r=0

PUSCH without UL-SCH data, where

- C isanumber of code blocks, K, isasizefor codeblock r, O isanumber of CSI part 1 bits
including CRC bits, and N, isanumber of resource elements determined as

Nooat o (1)1

Nre :Mgg,sb(,:lﬁ,c(i)' ZNiiata(i’j) '''''
j=0

, Where = m==27 isanumber of symbolsfor PUSCH

transmission occasion i on active UL BWP b of carrier f of serving cell ¢, Nisua(i, ) isanumber

of subcarriers excluding DM-RS subcarriersin PUSCH symbol j, 0< j<N&-2 (i), and C, K, are

defined in [5, TS 38.212]

- BRSH =1 when the PUSCH includes UL-SCH dataand Sl = Bos, as described in Subclause 9.3,
when the PUSCH includes CSI and does not include UL-SCH data

- For the PUSCH power control adjustment state f,  .(i,!) for active UL BWP b of carrier f of servingcell ¢
in PUSCH transmission occasion i

Opyscrip, 1 ¢ (i:1) isaTPC command value included in aDCI format 0_0 or DCI format 0_1 that schedules the

PUSCH transmission occasion i on active UL BWP b of carrier f of serving cell ¢ or jointly coded with

other TPC commandsin aDCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in
Subclause 11.3

- 1e{0,1} if the UE is configured with higher layer parameter twoPUSCH-PC-AdjustmentStates and | =0

if the UE is not configured with higher layer parameter twoPUSCH-PC-AdjustmentStates or if the
PUSCH isaMsg3 PUSCH

- For aPUSCH (re)transmission configured by higher layer parameter ConfiguredGrantConfig, the
valueof e {0, 1} is provided to the UE by higher layer parameter power ControlLoopToUse

- If the UE is provided a higher layer parameter SRI-PUSCH-Power Control, the UE obtains a mapping
between a set of values for the SRI field in DCI format 0_1 and the | value(s) provided by higher
layer parameter sri-PUSCH-ClosedLooplndex. If the PUSCH transmission is scheduled by a DCI
format 0_1 and if DCI format 0_1 includes a SRl field, the UE determinesthe | valuethat is mapped
to the SR field value

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by aDCI format 0_1 that does not
include a SR field, or if ahigher layer parameter SRI-PUSCH-Power Control is not provided to the
UE, =0

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

¢(D;)-1
for ()= (i—ig, 1)+ Z&PUSCHYb‘f‘C(m,I) isthe PUSCH power control adjustment state | for active
m=0

UL BWP b of carrier f of serving cell ¢ and PUSCH transmission occasion i if the UE is provided
higher layer parameter tpc-Accumulation, where

- The Opyeepp 1 VAlUesaregivenin Table 7.1.1-1
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- 5%}3PUSCHM <(m]1) isasum of TPC command valuesinaset D, of TPC command values with
m=0

cardinality ¢(D,) that the UE receives between Ky g, (i —iy) —1 symbols before PUSCH transmission
occasion i —i, and K, (i) symbols before PUSCH transmission occasion i on active UL BWP b of
carrier f of serving cell ¢ for PUSCH power control adjustment state | , where i, >0 isthe smallest
integer for which Kq, (i —i,) symbols before PUSCH transmission occasion i —ij is earlier than

K oysen (i) symbols before PUSCH transmission occasion i - |If a PUSCH transmission is scheduled by
aDCI format 0_0 or DCI format 0_1, K5, (i) isanumber of symbolsfor active UL BWP b of carrier

f of serving cell C after alast symbol of a corresponding PDCCH reception and before afirst symbol of
the PUSCH transmission

- If aPUSCH transmission is configured by higher layer parameter ConfiguredGrantConfig, K, (i) isa

number of Ke min SYmbols equal to the product of a number of symbols per slot, N;f,‘]b , and the

minimum of the values provided by higher layer parameter k2 in PUSCH-ConfigCommon for active UL
BWP b of carrier f of servingcell C

- If the UE has reached maximum power P,,,, (i) for active UL BWP b of carrier f of serving cell
¢(D; -1
C at PUSCH transmission occasion i —i, and Z§PUSCHb,f,C(m,I)20,then fo (i) =1 (i—igl)

m=0

- If UE hasreached minimum power, Pgyn ¢ (i), for active UL BWP b of carrier f of servingcell C at
¢(D;)-1
PUSCH transmission occasion i —i, and ZéPUSCHYb,fYC(m,I)SO,then o) =Ty (i—igl)

m=0

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

- If aconfiguration for acorresponding Py e puscip 1 c(]) valueis provided by higher layers
- If aconfiguration for acorresponding ¢, ; .(j) valueisprovided by higher layers

- If j>1 and the PUSCH transmission is scheduled by a DCI format O_1 that includes a SRI field, and the

UE is provided higher layer parameter SRI-PUSCH-PowerControl, the UE determines the value of |
fromthevalue of j based on an indication by the SRI field for a sri-PUSCH-PowerControlld value

associated with the sri-PO-PUSCH-AlphaSetld value corresponding to j and with the sri-PUSCH-
ClosedLooplndex value corresponding to |

- If j>1 andthe PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does

not include a SRI field or the UE is not provided higher layer parameter SRI-PUSCH-Power Control,
=0

- If j=1, | isprovided by the value of higher layer parameter power ControlLoopToUse

- o (1) = Opysenp 1 o (i,]) isthe PUSCH power control adjustment state for active UL BWP b of carrier f

of serving cell ¢ and PUSCH transmission occasion i if the UE is not provided higher layer parameter tpc-
Accumulation, where

- Opyschp f.c absolutevaluesaregivenin Table7.1.1-1

- If the UE receives a random access response message in response to a PRACH transmission on active UL
BWP b of carrier f of serving cell ¢ asdesctibed in subcaluse 8

- FotcO) =AR st ¢ HOnegon o » Where | =0 and
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- Omgan 1 c 1SaTPC command value indicated in the random access response grant of the random

access response message corresponding to the PRACH transmission on active UL BWP b of carrier
f intheserving cell ¢, and

1010g,0(2" - M gy 11c (0))
= min max 0' PCMAX,f,c -t POfPUS:H,b,f,c (0) + ab,f,c (O) : PLc 1 APrampuprequ-re{eci,b,f,c
+ ATF,b, f.c (O) + é‘rmgzb, f.c

B Aprarrpup,b,f,c
and AR, uprequesed b, 1 ¢ 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
servingcell ¢, Migers(0) isthe bandwidth of the PUSCH resource assignment expressed in
number of resource blocks for the first PUSCH transmission on active UL BWP b of carrier f of
serving cell ¢, and A, ¢ .(0) isthe power adjustment of first PUSCH transmission on active UL

BWP b of carrier f of servingcell C.

Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2,
with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated Spyseip 1 c

values or Oggy, ;o values

TPC Command Field | Accumulated sy p r.c OF Oxsp 1 [AB] | Absolute Spyeoyp r.c OF Oxsp. 1 [AB]
0 -1 -4
1 0 -1
2 1 1
3 3 4

7.2 Physical uplink control channel

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

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

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

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

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

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

7.2.1 UE behaviour

If a UE transmits a PUCCH on active UL BWP b of carrier f inthe primary cell ¢ using PUCCH power control
adjustment state with index | , the UE determines the PUCCH transmission power Payccpp, (i, 0, dg,1) in PUCCH
transmission occasion i as
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PPUCCH,b,f,c(irquyqul) = mln{

where

PCMAX, f ,c(i)1

Po puccp, 1 (0,)+10log,,(2“-M ggf),cﬁc(i)) +PL, ¢ o(0y) + Ar pucen (F )+ Areps o)+ 901 (0, |)}
[dBm]

Pewax, 1 ¢ (1) is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier
f of serving cell ¢ in PUCCH transmission occasion i

Po_pucchn f ¢ (dy) 1S aparameter composed of the sum of a component Po_NomiINAL_puccH » Provided by higher
layer parameter p0-nominal for carrier f of primary cell ¢ and, if provided, acomponent P, ¢ pyccs ()
provided by higher layer parameter p0-PUCCH-Value in PO-PUCCH for active UL BWP b of carrier f of
primary cell €, where 0<q, <Q,. Q, isasizeforaset of P, ¢ pcey Vaues provided by higher layer
parameter maxNrofPUCCH-PO-PerSet. The set of R, ¢ pyccn ValUesis provided by higher layer parameter pO-
Set. If higher layer parameter pO-Set is not provided to the UE, R, ¢ pyccr (G,) =0, 00, <Q,

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

- If the UE isnot provided higher layer parameter PUCCH-Spatial Relationlnfo, the UE obtains the p0-
PUCCH-Value val ue from the PO-PUCCH with p0-PUCCH-Id value equal to 0 in pO-Set

Miao; () isabandwidth 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 servingcell ¢ and u isasubcarrier
spacing configuration defined in [4, TS 38.211]

PL, ; .(04) isadownlink pathloss estimate in dB calculated by the UE using RS resource index 0 as described
in Subclause 7.1.1 for the active DL BWP of carrier f of the primary cell ¢ asdescribed in Subcluase 12

- If the UE is not provided higher layer parameter pathl ossReferenceRSs or before the UE is provided
dedicated higher layer parameters, the UE calculates PL, ; .(04) using a RS resource obtained from the

SS/PBCH block that the UE uses to obtain higher layer parameter Master I nformationBlock

- If the UE is provided a number of RS resource indexes, the UE calculates PL, ; .(0y) using RS resource

withindex 0y, where 0<q, <Q,. Q, isasizefor aset of RS resources provided by higher layer

parameter maxNrof PUCCH-PathlossReferenceRSs. The set of RS resources is provided by higher layer
parameter pathlossReferenceRSs. The set of RS resources can include one or both of a set of SS/PBCH block
indexes, each provided by higher layer parameter ssb-Index in PUCCH-Pathl ossReferenceRS when a value
of acorresponding higher layer parameter pucch-Pathl ossReferenceRS-1d maps to a SS/PBCH block index,
and a set of CSI-RS resource indexes, each provided by higher layer parameter csi-RS-Index when a value of
acorresponding higher layer parameter 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 higher layer parameter pucch-Pathl ossReferenceRS-Id in
PUCCH-Pathl ossReferenceRS

- If the UE is provided higher layer parameter PUCCH-Spatial Relationlnfo, the UE obtains a mapping, by
indexes provided by corresponding higher layer parameters pucch-Pathl ossReferenceRS-1d, between a set of
pucch-Spatial Rel ationlnfol d values and a set of referencesignal values provided by higher layer parameter
PUCCH-Pathl ossReferenceRS. If the UE is provided more than one val ues for pucch-Spatial Relationl nfold
and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-
SoatialRelationInfold, the UE determines the referencesignal value in PUCCH-Pathl ossReferenceRS through
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the link to a corresponding pucch-PathlossReferenceRS 1d index. The UE applies the activation command 3
msec after aslot where the UE transmits HARQ-ACK information for the PDSCH providing the activation
command

- If higher layer parameter PUCCH-Spatial Relationlnfo includes higher layer parameter servingCellld
indicating a serving cell, the UE receives the RS for resourceindex 0y on the active DL BWP of the
serving cell

- If the UE isnot provided higher layer parameter PUCCH-Spatial Relationlnfo, the UE obtains the

referencesignal value in PUCCH-Pathl ossReferenceRS from the pucch-PathlossReferenceRS-1d with index 0
in PUCCH-Pathl ossReferenceRSs

The parameter A; pccy (F) isprovided by higher layer parameter deltaF-PUCCH-fO for PUCCH format O,

deltaF-PUCCH-f1 for PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for
PUCCH format 3, and deltaF-PUCCH-f4 for PUCCH format 4

Ay ¢ (i) isaPUCCH transmission power adjustment component on active UL BWP b of carrier f of
primary cell €
- For aPUCCH transmission using PUCCH format 0 or PUCCH format 1,

PUCCH PUCCH

ATF,b,f,c(i):lologlo # + Ay (i) ATF,b,f,c(i)::I-O|0910 % where
Nsymb (I) Nwmb

Ngms " (i) isanumber of PUCCH format O symbols or PUCCH format 1 symbolsincluded in a PUCCH

resource of a PUCCH resource set indicated by a value of a PUCCH resource indicator field in DCI
format 1_0 or DCI format 1_1, or provided by higher layer parameter nrofSymbolsin PUCCH-formatO or
in PUCCH-format1 respectively

- NP =2 for PUCCH format O
- N°"=Ngm, for PUCCH format 1

- Ay (i)=0 for PUCCH format O

- Ayg (i) =10l0g,, (0, (i) for PUCCH format 1, where O, (i) isanumber of UCI bitsin PUCCH
transmission occasion i

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

At (i) =1010g; (K, - (Nuaro-ack (1) + O (i) +Ogg (i))/ Nee (i), where
- K, =6

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

Subclause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Subclause 9.1.3.1 for Type-2
HARQ-ACK codebook. If the UE is not provided with higher layer parameter pdsch-HARQ-ACK-
Codebook, Nyarg.ack =1 if the UE includes aHARQ-ACK information bit in the PUCCH transmission;

otherwise, Nyapo.ack =0
- Ogk(i) isanumber of SR information bits that the UE determines as described in Subclause 9.2.5.1

- Oy (i) isanumber of CSl information bits that the UE determines as described in Subclause 9.2.5.2

- Nee® isanumber of resource elements determined as Nee() = Migp e () NS, () NEeSen 1. 0)

'sc,ctrl

where NFE

sc,ctrl

transmission, and Ngo0t ¢ (1) isanumber of symbols excluding symbols used for DM-RS

(i) isanumber of subcarriers per resource block excluding subcarriers used for DM-RS

ETSI



3GPP TS 38.213 version 15.3.0 Release 15 22 ETSI TS 138 213 V15.3.0 (2018-10)

transmission, as defined in Subclause 9.2.5.2, for PUCCH transmission occasion i on active UL
BWP b of carrier f of serving cell C

- For aPUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 11, A, (i) =10l oglo( 2= BPRED) —1) , where

. K,=24

- BPRE()= (OACK (1) +Ogx (1) +Ocg (i)+OCRC(i))/NRE 0]

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

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

if the UE includesa HARQ-ACK information bit in the PUCCH transmission; otherwise, O, =0
- Ok(i) isanumber of SR information bits that the UE determines as described in Subclause 9.2.5.1
- Ogg (i) isanumber of CSl information bits that the UE determines as described in Subclause 9.2.5.2
- Ogge(i) isanumber of CRC bits that the UE determines as described in Subclause 9.2.5

- Nge(i) isanumber of resource elements that the UE determines as

sc,ctrl

Nee() = Mpg e e () Noo () - Nevolti. ¢ o (1) » where N&% (i) isanumber of subcarriers per resource block

excluding subcarriers used for DM-RS transmission, and N&,e0é () isanumber of symbols

excluding symbols used for DM-RS transmission, as defined in Subclause 9.2.5.2, for PUCCH
transmission occasion i on active UL BWP b of carrier f of serving cell ¢

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

Opucctip. . (,1) iIsaTPC command value and isincluded in aDCI format 1_0 or DCI format 1_1 for active

UL BWP b of carrier f of the primary cell ¢ that the UE detects for PUCCH transmission occasion i or

isjointly coded with other TPC commandsin aDCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI
[5, TS 36.212], as described in Subclause 11.3

- le {0. l} if the UE is provided higher layer parameters twoPUCCH-PC-AdjustmentStates and PUCCH-

SatialRelationinfo and | =0 if the UE is not provided higher layer parameter twoPUCCH-PC-
AdjustmentStates or PUCCH-Spatial Rel ationlnfo

- If the UE obtainsa TPC command value fromaDCI format 1_0 or aDCl format 1_1 and if the UE is
provided higher layer parameter PUCCH-Spatial Relationlnfo, the UE obtains a mapping, by an index
provided by higher layer parameter pO-PUCCH-1d, between a set of pucch-Spatial Relationlnfold values
and a set of values for higher layer parameter closedLooplndex that providethe | value(s). If the UE
receives an activation command indicating a value of pucch-Spatial Relationlnfold, the UE determines the
value closedLoopl ndex 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 | valueis provided by the closed loop indicator field in DCI format 2_2

¢(C)-1
- Op (1) =0y (i—ig, 1)+ ZSPUCCHYbnyC(m,I) isthe current PUCCH power control adjustment state | for
m=0

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

- The dpyeeup 1 o VAUEsSaregivenin Table 7.1.2-1
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- 5%&”@&[“ (M) isasum of TPC command valuesin aset C; of TPC command values with
m=0
cardinality ¢(C,) that the UE receives between K., (i —iy)—1 symbols before PUCCH transmission
occasion i —iy and Koy (i) Ssymbols before PUCCH transmission occasion i on active UL BWP b of
carrier f of serving cell ¢ for PUCCH power control adjustment state, where i, >0 isthe smallest
integer for which Ko, (i —i,) symbols before PUCCH transmission occasion i —i, isearlier than
Koyeen (i) symbols before PUCCH transmission occasion i

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

- If the PUCCH transmission is not in response to a detection by the UE of aDCI format 1_0 or DCI
format 1_1, Kpjeey (i) isanumber of Kooy i Symbols equal to the product of a number of symbols

per dlot, N;ﬁﬁb , and the minimum of the values provided by higher layer parameter k2 in PUSCH-

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

- If the UE has reached maximum power P, ; .(i) for active UL BWP b of carrier f of primary cell
¢(c)-1
C at PUCCH transmission occasion i —iy and Y Spyccup.r o(MI) 20, then gy, (i,1) = gy, (i —io,1)

m=0

- If UE has reached minimum power, P, ;.(i), for active UL BWP b of carrier f of primary cell C at
¢(C )1
PUCCH transmission occasion i —i, and Zé‘PUCCH‘byfyc(m,l) <0, then g, ; (i,1) =0, (i —ip.1)
m=0

- If aconfiguration of & Py pycch v 1 o (0,) Value for acorresponding PUSCH power control adjustment

state | for active UL BWP b of carrier T of servingcell C isprovided by higher layers,

- O1(01)=0

If the UE is provided higher layer parameter PUCCH-Spatial Rel ationinfo, the UE determines the
value of | fromthe value of 0, based on a pucch-Spatial Relationlnfold value associated with the pO-

PUCCH-1d vaue corresponding to G, and with the closedLooplndex value corresponding to | ;
otherwise, | =0

- Elsg

+0

msg2,b, f,c 1

- Ohrc(O)=AR where

ampupb, f,c

Omsg2p, 1 ¢ 15the TPC command value indicated in a random access response grant corresponding to a
PRACH transmission on active UL BWP b of carrier f intheservingcell ¢, and,

if the UE transmits PUCCH,

0,
.| max ,
AP aroup o, £ .c = MIN ( Pemax.t.c = (PO_PUCCH,b,f et PLytc(da) +Ae pucen (F )"' Atepict 5rmg2,b, fe )j

AF)ranpuprequs[ed,b, f.c

otherwise,
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0,
.| max ) .
AF)rampupvb’f’c =min [ PCMAX,f,c _(PO_PUCCH,b,f,c + PLbfc(qd)) Where AF)rarrpuprequested,b,f ,.C IS
AI:>ra.rrpuprequeﬂed,b, f,c

provided by higher layers and corresponds to the total power ramp-up requested by higher layers from
thefirst to the last preamble for active UL BWP b of carrier f of primary cell ¢, and A_ nccq (F)

corresponds to PUCCH format 0 or PUCCH format 1

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

TPC Command Field | Accumulated Spycqyp . [AB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS, a UE splits alinear value ISSRsb,f,c(i,qS,l) of the transmit power Pagsp ¢ (i,0s.!) on active UL BWP b of
carrier f of serving cell ¢ equally across the configured antenna ports for SRS.

7.3.1 UE behaviour

If aUE transmits SRS on active UL BWP b of carrier f of serving cell ¢ using SRS power control adjustment state
with index | , the UE determines the SRS transmission power Pgqp, ¢ ¢(i,0s,1) in SRS transmission occasion i as

PCMAXfc(i)1
Parsp 1 (i,0,1) =min v . _ dB
sl ) {Po_ms,b,f,(:(qs)+1OIogm<2”-Mmb,f,c(l))+aws,b,f,c<qs)-PLb,f,c<qd)+mf,c<u)}[ ™

where,

- Pouax, 10 (i) isthe configured UE transmit power defined in[8, TS 38.101-1] and [8-2, TS38.101-2] for carrier
f of serving cell ¢ in SRStransmission occasion i

- Py qen.c(ds) isprovided by higher layer parameter pO for active UL BWP b of carrier f of serving cell ¢
and SRS resource set g, provided by higher layer parameters SRS-ResourceSet and SRS-ResourceSetld

= Mggp (i) isaSRS bandwidth expressed in number of resource blocks for SRS transmission occasion i on

active UL BWP b of carrier f of serving cell ¢ and u isasubcarrier spacing configuration definedin [4, TS
38.211]

- Ogsp,1.c(0s) IS provided by higher layer parameter alpha for active UL BWP b of carrier f of serving cell ¢
and SRS resource set g

- PL,.(qy) isadownlink pathloss estimate in dB calculated by the UE using RS resource index ¢, as described
in Subclause 7.1.1 for the active DL BWP of serving cell ¢ and SRS resource set s [6, TS 38.214]. The RS
resourceindex Oy isprovided by higher layer parameter pathl ossReferenceRS associated with the SRS resource

set Qs andiseither ahigher layer parameter ssb-Index providing a SS/PBCH block index or a higher layer
parameter csi-RS-Index providing a CSI-RS resource index
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- If the UE is not provided higher layer parameter pathl ossReferenceRSs or before the UE is provided
dedicated higher layer parameters, the UE calculates PL, ( .(q,) using a RS resource obtained from the

SS/PBCH block that the UE usesto obtain higher layer parameter Master I nfor mationBlock

- For the SRS power control adjustment state for active UL BWP b of carrier f of servingcell ¢ and SRS
transmission occasion i

- h G 1)= "1 (@,1),where f  (i,]) isthe current PUSCH power control adjustment state as described in
Subclause 7.1.1, if higher layer parameter srs-Power Control AdjustmentStates indicates a same power control
adjustment state for SRS transmissions and PUSCH transmissions; or

as)1
- h ()=h; (-D+ ZJSRSb’f’C(m) if the UE is not configured for PUSCH transmissions on active UL

m=0

BWP b of carrier f of serving cell ¢, or if higher layer parameter srs-Power Control AdjustmentStates

indicates separate power control adjustment states between SRS transmissions and PUSCH transmissions,
and if higher layer parameter tpc-Accumulation is provided, where

- The Ogg, ¢ . VAlUesaregivenin Table 7.1.1-1

= Ogsp. (M) isjointly coded with other TPC commandsin a PDCCH with DCI format 2_3, as described
in Subclause 11.4
o8)-1

- Zé‘SRSYb’fYC(m) isasum of TPC command valuesinaset S of TPC command values with cardinality

m=0

¢(S) that the UE receives between Kgg(i —i,) —1 symbols before SRS transmission occasion i —i, and
Ks(i) Ssymbols before SRS transmission occasion i on active UL BWP b of carrier f of serving cell
C for SRS power control adjustment state, where i, >0 isthe smallest integer for which Kg(i —i,)

symbols before SRS transmission occasion i —i, isearlier than K (i) symbols before SRS
transmission occasion i

- if the SRS transmission is aperiodic, Kgs isanumber of symbolsfor active UL BWP b of carrier f of
serving cell ¢ after alast symbol of a corresponding PDCCH triggering the SRS transmission and before

afirst symbol of the SRS transmission

- if the SRStransmission is semi-persistent or periodic, Kgzs isanumber of Kgzsmin Symbols equal to the
product of a number of symbols per slot, N:f;ﬁb , and the minimum of the values provided by higher layer
parameter k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell ¢

- If the UE hasreached R, (. (i) for active UL BWP b of carrier f of servingcell ¢ a SRS

e(s)-1
transmission occasion i —iy and Y Sgrgp 1. (M =0, then hy, () =h, (i —i;)

m=0

- If UE has reached minimum power for active UL BWP b of carrier f of serving cell c at SRS
o(8)1
transmission occasion i —i, and Zé‘%ybyfyc(m) <0,then h  (i)=h, (i—i;)

m=0

- If aconfiguration for a Py, ey ¢ () Vaueor fora o, ¢ (9,) value for acorresponding SRS power

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

- hb,f,c(o) =0

- Else

ETSI



3GPP TS 38.213 version 15.3.0 Release 15 26 ETSI TS 138 213 V15.3.0 (2018-10)

- N (O =APpum r.c T Omsit
where

o,

msg2.1 ¢ 1S the TPC command val ue indicated in the random access response grant corresponding

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

0,
| max ’ , ol
APrampup,b, fe ™ min PCMAX, fc (PO_SRS,b, f.c (qs) + 10|0910(2 M SRS, f ¢ (' )) + Qsrsh,fc (q5) : PLb, f.c (qd)) !
AP

rampuprequested, b, f,c

where AP, ouorequesed b, 1 ¢ 1S 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 serving cell ¢

- By (i) =0Ogsp 1o (i) if the UEisnot configured for PUSCH transmissions on active UL BWP b of carrier

f of serving cell ¢, or if higher layer parameter srs-Power Contr ol AdjustmentStates i ndicates separate

power control adjustment states between SRS transmissions and PUSCH transmissions, and higher layer
parameter tpc-Accumulation is not provided, and the UE detects a DCI format 2_3 Kgs i, Symbols before a

first symbol of SRS transmission occasion i , where absolute values of dgg, ;. areprovidedin Table7.1.1-
1
- if higher layer parameter srs-Power Control AdjustmentStates indicates a same power control adjustment state

for SRS transmissions and PUSCH transmissions, the update of the power control adjustment state for SRS
transmission occasion i occurs at the beginning of each SRS resource in the SRS resource set q, ; otherwise,

the update of the power control adjustment state SRS transmission occasion i occurs at the beginning of the
first transmitted SRS resource in the SRS resource set g,

7.4 Physical random access channel

A UE determines a transmission power for aphysical random access channel (PRACH), Pacp 1 c(i) » On active UL
BWP b of carrier f of serving cell € based on DL RSfor serving cell € intransmission occasion i as

Prrachp. 1 c (1) =mi n{PCMAx,f,c(i)v Poracagerc T PLb,f,c} [dBm],

(i) isthe configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for
carrier f of serving cell ¢ within transmission 0ccasion i, Pogacy tage 1o 1S the PRACH target reception power

PREAMBLE_RECEIVED TARGET_POWER provided by higher layers[11, TS 38.321] for the active UL BWP b of
carrier f of servingcell ¢, and PL, , . isapathlossfor the active UL BWP b of carrier f based onthe DL RS
associated with the PRACH transmission on the active DL BWP of serving cell ¢ and calculated by the UE in dB as

referenceSgnal Power — higher layer filtered RSRP, where RSRP is defined in [7, TS 38.215] and the higher layer filter
configuration isdefined in [12, TS 38.331].

where PCM AX,fc

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

alink recovery procedure where a corresponding index g, isassociated with a SS/PBCH block, as described in
Subclause 6, referenceSgnal Power is provided by ss-PBCH-BlockPower.

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

recovery procedure where a corresponding index ¢, isassociated with a periodic CSI-RS configuration as described
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in Subclause 6, referenceSignal Power is obtained by higher layer parameters ss-PBCH-BlockPower and

power Control OffsetSS where power Control OffsetSS provides an offset of CSI-RS transmission power relative to
SS/PBCH block transmission power [6, TS 38.214]. If power Control OffsetSSis not provided to the UE, the UE
assumes an offset of 0 dB.

If within arandom access response window, as described in Subclause 8.2, the UE does not receive a random access
response that contains a preamble identifier corresponding to the preamble sequence transmitted by the UE, the UE
determines a transmission power for a subsequent PRACH transmission, if any, asdescribed in [11, TS 38.321].

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].

7.5 Prioritizations for transmission power reductions

For single cell operation with two uplink carriers or for operation with carrier aggregation, if atotal UE transmit power
for aPUSCH or PUCCH or PRACH or SRS transmission in a respective transmission occasion i would exceed

Pouax (i) , Where Py, (i) isthelinear value of Py, (i) intransmission occasion i as defined in [8-1, TS 38.101-1]
and [8-2, TS38.101-2], the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the
following priority order (in descending order) so that the total UE transmit power is smaller than or equal to Py, .y (i)

in every symbol of transmission occasion i . When determining atotal transmit power 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 asymbol of asot is defined as the sum of the linear values of UE transmit powers for
PUSCH, PUCCH, PRACH, and SRS in the symbol of the dot.

- PRACH transmission on the PCell

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

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

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

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

7.6 Dual connectivity
7.6.1 EN-DC

If aUE is configured with aMCG 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 higher layer parameter p-MaxEUTRA and a

maximum power P, for transmissionsin frequency range 1 on the SCG by higher layer parameter p-NR. The UE
determines a transmission power for the MCG as described in [13, TS 36.213] using P, ;¢ asthe maximum

transmission power. The UE determines transmission power for the SCG in frequency range 1 as described Subclauses
7.1 through 7.5 using P, asthe maximum transmission power for Py, < Pyg - The UE determines transmission
power for the SCG in frequency range 2 as described Subclauses 7.1 through 7.5

A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a
cell that isincluded in an EN-DC configuration.
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If aUE is configured with P + Pg > P22 where P, isthelinear valueof B, Py isthelinear valueof P,

and P2 jsthe linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3,

TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG asfollows.

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

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR, the UE does
not expect to transmit in aslot on the SCG in frequency range 1 when a corresponding subframe on the MCG
isan UL subframe in the reference TDD configuration.

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

- if the UE transmission(s) in subframe i, of the MCG overlap in time with UE transmission(s) in slot i, of the
SCG in frequency range 1, and

- if Pyg (iy)+ Pas (i, ) > PEYPC inany portion of slot i, of the SCG,

the UE reduces transmission power in any portion of slot i, of the SCG so that P, (i, )+ Pog (i, ) < PEY2C
in any portion of slot i,, where P, (i,) and Py (i,) arethelinear values of the total UE transmission
powersin subframe i, of the MCG and in slot i, of the SCG in frequency range 1, respectively.

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

7.6.2 NN-DC

If aUE is configured with aMCG using NR radio access in frequency range 1 or in frequency range 2 and with a SCG
using NR radio accessin frequency range 2 or in frequency range 1, respectively, the UE performs transmission power
control independently per cell group as described in Subclauses 7.1 through 7.5.

7.7 Power headroom report

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

PH that isvalid for SRS transmission occasion i on active UL BWP b of carrier f of servingcell c.

A UE determines whether a power headroom report for an activated serving cell [11, TS38.321] is based on an actual
transmission or areference format based on the downlink control information the UE received until and including the
PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format O_1 scheduling an initial
transmission of atransport block since a power headroom report was triggered.

If the UE is configured with a SCG,

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

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

If the UE is configured with a PUCCH-SCell,

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

- For computing power headroom for cells belonging to secondary PUCCH group, the term 'serving cell' in this
subclause refersto serving cell belonging to the secondary PUCCH group. The term ‘primary cell' in this
subclause refers to the PUCCH-SCell of the secondary PUCCH group.
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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 i on active UL BWP b of carrier f of serving cell ¢, the UE

computes the Type 1 power headroom report as

PH yoer ¢ (1 11 da s 1) = Powax 1 c (1) {POfPUSCH,b,f,c(j)+10|Og10(2’u : Mgg,?f?,c(i))-'_ab,f,c(j)'PLb,f,c(qd)+ATF,b,f,c(i)+ forc(il) }
[dB]

where PCMAX,f,c(i)’ Po_puscrp,t.c (1) M;gi:?,c(i), s o(§)y Plysc(dy)s Areps () and f ¢ (i,1) aredefinedin

Subclause 7.1.1.

If aUE is configured with multiple cells for PUSCH transmissions, where a subcarrier spacing configuration 44, on
active UL BWP b, of carrier f, of serving cell ¢, issmaller than a subcarrier spacing configuration 2, 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 aslot 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 ot of the multiple slots on active UL BWP b, that fully overlaps with the
slot on active UL BWP b, .

If aUE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type
1 power headroom report in afirst PUSCH transmission that includes an initial transmission of transport block on active

UL BWP b, of carrier f; of serving cell ¢, 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 aDCI format 0_1 in aPDCCH received in
a second PDCCH monitoring occasion, and

- the second PDCCH monitoring occasion is after afirst PDCCH monitoring occasion where the UE detects the
earliest DCI format O_0 or DCI format 0_1 scheduling aninitial transmission of a transport block after a power
headroom report was triggered

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

computes the Type 1 power headroom report as
Pthpel,b,f,c(i' J,0q,1) = 5CMAx,f,c(i)_ { Po puscrp, 1. (1) + 0 ¢ (1) Ply ¢ o (dg) + fo 1 o (051) } [dB]

where Peyax ¢ (i) is computed assuming MPR=00dB, A-MPR=0cB, P-MPR=0dB. ATc =0dB. MPR, A-MPR, P-MPR

and ATc aredefined in [8-1, TS 38.101-1] and [8-2, TS38.101-2]. The remaining parameters are defined in Subclause
7.1.1where Py pyscrp rc(]) and &, ¢ .(]) are provided from p0-PUSCH-AlphaSetid = O for the UL BWP b of carrier

f of servingcell ¢, PL, () isobtained using PathlossReferenceRS1d = 0, and | =0.

If aUE 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 areference 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 higher layer parameter pusch-
Config. If the UE is provided higher layer parameter pusch-Config for both UL carriers, the UE computesa Type 1
power headroom report for the serving cell assuming areference PUSCH transmission on the UL carrier provided by
higher layer parameter 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 subclause is reserved.
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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 ¢ and if the UE

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

PH yesp.r.c (1,0s) = Povax 1 ¢ (1) { Po srsb.f.c(Gs) +10109;5 (2% - M gz ¢ (1)) + Cepsp 1 ¢ (As) - Pl o (Ag) + Dy ¢ o (i) }
[dB]

where PCMAx,f,c(i)! Po_srsp.f.c(As) s Marsp 1 c() s Cergp r.c(0s) s Plo e (dq) and h, ; (i) are defined in Subclause 7.3.1.

If the UE determines that a Type 3 power headroom report for an activated serving cell is based on areference SRS
transmission then, for SRS transmission occasion i on UL BWP b of carrier f of serving cell ¢, and if the UE is not

configured for PUSCH transmissionson UL BWP b of carrier f of serving cell ¢, the UE computes a Type 3 power
headroom report as

PHypeap. 100 86) = P 1 1) 1 P, sesp 0(0) + Ol 1 0(G) - Pl ¢ o (G) +hy (i) } [dB]

where 0 isa SRS resource set corresponding to SRS-ResourceSetld = 0 and Py srsp r.c(ds) s Psrs r.c(ds) s Plyt c(dq)
and h, ; (i) aredefinedin Subclause 7.3.1 with corresponding val ues obtained from SRS-ResourceSetld = 0.

E’CMAX‘f (i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB. MPR, A-MPR, P-MPR and
ATc are defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2].

If aUE is configured with two UL carriersfor a serving cell and the UE determines a Type 3 power headroom report
for the serving cell based on areference SRS transmission, the UE computes a Type 3 power headroom report for the
serving cell assuming areference SRS transmission on the UL carrier provided by higher layer parameter 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 SSYPBCH block
indexes and provides to higher layers a corresponding set of RSRP measurements.

Prior to initiation of the physical random access procedure, Layer 1 receives the following information from the higher
layers:

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

- Parameters for determining the root sequences and their cyclic shiftsin the PRACH preamble sequence set
(index to logical root sequence table, cyclic shift (N g), and set type (unrestricted, restricted set A, or restricted
set B)).
From the physical layer perspective, the L1 random access procedure includes the transmission of random access

preamble (Msgl) in aPRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and when
applicable, the transmission of Msg3 PUSCH, and PDSCH for contention resol ution.

If arandom access procedure isinitiated by a PDCCH order to the UE, a PRACH transmission is with a same subcarrier
spacing as a PRACH transmission initiated by higher layers.

If aUE 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 subcarrier spacing, Ppgacy iage - @ COrTesponding RA-RNTI, and a PRACH
resource.

A PRACH istransmitted using the selected PRACH format with transmission power P, ¢ (i) , @ described in
Subclause 7.4, on the indicated PRACH resource.

A UE isprovided anumber 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 higher layer parameter ssh-perRACH-
OccasionAndCB-PreamblesPer SSB. If N <1, one SSYPBCH block is mapped to I/ N consecutive valid PRACH

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

index n- Ny . /N where N isprovided by higher layer parameter totalNumber OfRA-Preambles and is an

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

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

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

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

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

mapped at least once to the PRACH occasions within the association period, where a UE obtains NTSXSB from the value

of higher layer parameter ssh-PositionsinBurst in Systeml nformationBlockTypel and/or in ServingCell ConfigCommon.
If after an integer number of SSYPBCH blocks to PRACH occasions mapping cycles within the association period there

isaset of PRACH occasions that are not mapped to NTSXSB SS/PBCH blocks, no SSYPBCH blocks are mapped to the set
of PRACH occasions. An association pattern period includes one or more association periods and is determined so that
a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not

associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH
transmissions.

For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of
the Random Access Preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission
where the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field
of the PDCCH order. The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The
indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH
occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by
PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.

For the indicated preamble index, the ordering of the PRACH occasionsis

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

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

- Third, inincreasing order of indexes for PRACH slots
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Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion
association period

PRACH configuration period (msec) Assomagggﬁpgedlrc:tjio(:upn;:)igjg; FRACHA
10 {1,2,4,8,16}
20 {1,2,4,8}
40 {1, 2, 4}
80 {1, 2}
160 {1}

For paired spectrum all PRACH occasions are valid. For unpaired spectrum, if a UE is not provided higher layer
parameter TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH dot isvalid if it does not precede a
SS/PBCH block inthe PRACH slot and starts at least N, symbols after alast SS/PBCH block reception symbol,

where N, isprovided in Table 8.1-2.

If aUE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot
isvaid if

- itiswithin UL symbols, or

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

symbol and at least N ,, symbols after alast SS/PBCH block transmission symbol, where N, isprovidedin
Table8.1-2.

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

Table 8.1-2: N, values for different preamble subcarrier spacing configurations u«
Preamble subcarrier spacing Nk
1.25 kHz or 5 kHz 0
15 kHz or 30 kHz or 60 kHz or 120 kHz 2

If arandom access procedure isinitiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH
in the first available PRACH occasion in the selected PRACH occasion, as described in[11, TS 38.321], for which a
time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger
than or equal to N, + Agypsyitching + Apeay MSEC, Where N, isatimeduration of N, symbols corresponding to a

PUSCH preparation time for UE processing capability 1 [6, TS 38.214], Agypsuitning = 0 if the active UL BWP does not
change and Agypsyitcning 1S defined in [10, TS 38.133] otherwise, and Apg,, =0.5 msec for FR1 and Apg, =0.25 msec
for FR2. For aPRACH transmission using 1.25 kHz or 5 kHz subcarrier spacing, the UE determines N, assuming
subcarrier spacing configuration £ =0,

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit
PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH
transmission in afirst ot is separated by lessthan N symbols from the last or first symbol, respectively, of a
PUSCH/PUCCH/SRS transmission in a second slot where N=2 for #4=0 or #4=1, N=4for #=2 or #£=3, and
M isthe subcarrier spacing configuration for the active UL BWP.

8.2 Random access response

In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a
corresponding RA-RNTI during awindow controlled by higher layers[11, TS 38.321]. The window starts at the first
symbol of the earliest control resource set the UE is configured to receive PDCCH for Typel-PDCCH common search
space, as defined in Subclause 10.1, that is at |east one symbol, after the last symbol of the PRACH occasion
corresponding to the PRACH transmission, where the symbol duration corresponds to the subcarrier spacing for Typel-
PDCCH common search space as defined in Subclause 10.1. The length of the window in number of dots, based on the
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subcarrier spacing for Typel-PDCCH common search space, is provided by higher layer parameter ra-
Response\Window.

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

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window,
or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the
higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can
indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE is expected to transmit a
PRACH no later than Ny, +0.75 msec after the last symbol of the window, or the last symbol of the PDSCH reception,
where N;, isatimeduration of N; symbols corresponding to a PDSCH reception time for UE processing capability 1

when additional PDSCH DM-RS is configured.

If the UE detectsa DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and receives a transport block
in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location properties, as described in
[6, 38.214], asfor a SS/PBCH block or a CSI-RS resource the UE used for PRACH association, as described in
Subclause 8.1, regardless of whether or not the UE is provided higher layer parameter TCI-States for the control
resource set 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 non-contention based random access procedure, the UE may assume that the PDCCH that includes
the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties.

A RAR UL grant schedules a PUSCH transmission from the UE (Msg3 PUSCH). The contents of the RAR UL grant,
starting with the MSB and ending with the LSB, are givenin Table 8.2-1.

If the value of the frequency hopping flag is O, the UE transmits Msg3 PUSCH without frequency hopping; otherwise,
the UE transmits Msg3 PUSCH with frequency hopping.

The Msg3 PUSCH frequency resource alocation is for uplink resource allocation type 1 [6, 38.214]. In case of Msg3
PUSCH transmission with frequency hopping, the first one or two bits, Ny, ,,, bits, of the Msg3 PUSCH frequency
resource allocation field are used as hopping information bits as described in Table 8.3-1. A UE processes the frequency
resource allocation field in an active UL BWP of N5z, RBs as follows

- if N3& <180

- truncate the frequency resource allocation field to its (I ogz(Ngjﬁp : (Ngjﬁp +1)/ Zﬂ least significant bits and

interpret the truncated frequency resource alocation field as for the frequency resource alocation field in
DCI format O_0 as described in [6, 38.214]

- dse

- insert (I og,(Ngz, . (Ngze, 1)/ 2”—14 most significant bits with value set to '0' after the Ny, bits, where

Ny nop = 0 if the frequency hopping flag isset to '0', and Ny, 1o, isprovided in Table 8.3-1 if the hopping

flag bit is set to '1', and interpret the expanded frequency resource allocation field as for the frequency
resource alocation field in DCI format O_0 as described in [6, 38.214]

- endif

The Msg3 PUSCH MCS is determined from the first sixteen indexes of the applicable MCS index table for PUSCH as
described in [6, 38.214].

The TPC command value &,,,, ;. isused for setting the power of the Msg3 PUSCH, as described in Subclause 7.1.1,

and isinterpreted according to Table 8.2-2.
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In a non-contention based random access procedure, the CS| request field in the RAR UL grant indicates whether or not
the UE includes an aperiodic CSl report in the corresponding PUSCH transmission according to [6, TS 38.214]. Ina
contention based random access procedure, the CSI request field is reserved.

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

RAR grant field Number of bits
Frequency hopping flag 1
Msg3 PUSCH frequency resource allocation 14
Msg3 PUSCH time resource allocation 4
MCS 4
TPC command for Msg3 PUSCH 3
CSI request 1

Table 8.2-2: TPC Command J,

msg2,b, f,c

for Msg3 PUSCH

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

Unlessthe UE is configured a subcarrier spacing, the UE receives subsequent PDSCH using same subcarrier spacing as
for the PDSCH reception providing the RAR message.

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

8.3 Msg3 PUSCH

Higher layer parameter msg3-transformPrecoding indicates to a UE whether or not the UE shall apply transform
precoding, as described in [4, TS 38.211], for an Msg3 PUSCH transmission.

If the UE applies transform precoding to an Msg3 PUSCH transmission with frequency hopping, the frequency offset
for the second hop [6, TS38.214] isgivenin Table 8.3-1.

Table 8.3-1: Frequency offset for second hop for Msg3 PUSCH transmission with frequency hopping

Number of PRBs in active UL BWP | Value of N, .., Hopping Bits | Frequency offset for 2" hop
- 0 N size 2
NSz, <50 L :f/ J
1 \_N BWP/4J
00 NS /2.
| 01 N3z, /4]
Ngwe =50 -~
10 (NG /4
11 Reserved

A subcarrier spacing for an Msg3 PUSCH transmission is provided by higher layer parameter Subcarrier Spacing in
BWP-UplinkCommon. A UE transmits PRACH and Msg3 PUSCH on a same uplink carrier of a same serving cell.

An active UL BWP, as described in Subclause 12 and in [4, TS 38.211], for an Msg3 PUSCH transmission is indicated
by higher layers. For determining the frequency domain resource allocation for the Msg3 PUSCH transmission within
the active UL BWP
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- if theactive UL BWP and the initial UL BWP have same subcarrier spacing and same CP length and the active
UL BWP includes al RBsof theinitial UL BWP, or the active UL BWP istheinitial UL BWP, theinitial UL
BWPisused

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

A UE transmits a transport block in an Msg3 PUSCH scheduled by a RAR UL grant in a corresponding RAR message
using redundancy version number 0. Retransmissions, if any, of the transport block in an Msg3 PUSCH 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 aways transmits an Msg3 PUSCH without repetitions.

With reference to dlots for Msg3 PUSCH transmissions, if indlot n a UE receives a PDSCH with a RAR message for a
corresponding PRACH transmission from the UE, the UE transmits an Msg3 PUSCH in slot n+k, + A, where k, and

A areprovided in [6, TS 38.214]. The UE may assume a minimum time between the last symbol of a PDSCH
reception conveying a RAR message and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by
the RAR message in the PDSCH isequal to N;; + N;,+0.5 msec. N, isatimeduration of N, symbols
corresponding to a PDSCH reception time for UE processing capability 1 when additional PDSCH DM-RSis
configured and, N, isatimeduration of N, symbols corresponding to a PUSCH preparation time for UE processing
capability 1 [6, TS 38.214].

8.4 PDSCH with UE contention resolution identity

In response to an Msg3 PUSCH transmission when a UE has not been provided with a C-RNTI, the UE attempts to
detect aDCI 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 asame initial
active UL BWP as the Msg3 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 informationisequal to N, +0.5

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

9 UE procedure for reporting control information

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

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

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

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

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

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

If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and
PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the
PUSCH transmission and does not transmit the PUCCH.
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If a UE multiplexes aperiodic CSl or semi-persistent CSl in aPUSCH and the UE would multiplex UCI that includes
HARQ-ACK information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping
PUCCHs and PUSCHs in Subclause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the
PUSCH and does not transmit the PUCCH.

If a UE transmits multiple PUSCHsin a slot on respective serving cells that include first PUSCHSs that are scheduled by
DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHSs configured by respective higher layer parameters
ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs
fulfil the conditionsin Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in aPUSCH 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 CSl in any of the multiple PUSCHSs, the UE multiplexes the
UCI in aPUSCH of the serving cell with the smallest ServCelllndex subject to the conditions in Subclause 9.2.5 for
UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the ot on the serving cell with the
smallest ServCelllndex that fulfil the conditionsin Subclause 9.2.5 for UCI multiplexing, the UE multiplexesthe UCI in
the earliest PUSCH that the UE transmits in the slot.

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

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

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

9.1 HARQ-ACK codebook determination

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

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

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

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

9.1.1 CBG-based HARQ-ACK codebook determination

If aUE is provided higher layer parameter PDSCH-CodeBlockGroupTransmission for a serving cell, the UE receives
PDSCHs that include code block groups (CBGs) of atransport block and the UE is provided higher layer parameter

maxCodeBl ockGroupsPer TransportBlock indicating a maximum number N30 ace of CBGs for generating

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

For anumber of C code blocks (CBs) in atransport block, the UE determines a number of CBGs as

CBG/TB : CBG/TB H H CBG/TB
Niiaro-ack = M n(NHARQA“ga,f, C). Each of thefirst NS3S™, —mod(C, NSST8, ) CBGsincludes (C/ NHARQACK-‘ CBs,

Where CBG g, 0% g, < NP, , includes CBS negg -[C/NSBSTE . | + ey, 0<neg <[C/NSEST2,, |, and each of the

last NSITR2 _ NESTE  mog(c, NGSTE ) CBGsincludes |C/NSESTE ., | CBs, where CBG

HARQ-ACK HARQ-ACK

CBG/TB,1 CBG/TB,1 CBG/TB,2 i
nCBG' NHARQ—ACK < nCBG < NHARQ—ACK + NHARQ—ACK ! InCl Udes CBS

NS /NS o T (Meae — NSSSTEL, )-LC/NGSTE |+ g, 0< ngg < |C/NEESTS ., | The UE generates
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Nireo ek + Nk HARQ-ACK information bits through a one-to-one mapping with the NS0 %, + NSaso ek

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

The HARQ-ACK codebook includesthe Nijzeo ack HARQ-ACK information bitsand, if NJaeoack < Nianoack for

atransport block, the UE generates a NACK value for the last N30 ace — Niaro 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 N ano ack CBGs and does not correctly detect the transport block for the

NShnoack CBGs, the UE generatesaNACK value for each of the NGAz0 Ack CBGs.

If a UE receives a PDSCH that is scheduled by a DCI format 1_0, or a SPS PDSCH, or the UE detects a SPS PDSCH
release, the UE generates HARQ-ACK information only for the transport block in the PDSCH or only for the SPS
PDSCH release, respectively.

9.1.2 Type-1 HARQ-ACK codebook determination

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

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

higher layer parameter pdsch-AggregationFactor, Nibea, isavalue of pdsch-AggregationFactor; otherwise,

NP2, =1. The UE reports HARQ-ACK information for a PDSCH reception from slot n— Nires, +1 toslot N only

inaHARQ-ACK codebook that the UE includesin a PUCCH or PUSCH transmissioninslot n+k, where k isa
number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or
provided by higher layer parameter di-DataToUL-ACK if the PDSCH-to-HARQ feedback timing field is not present in
the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot n+k , the
UE sets avalue 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 or only for a PDSCH reception
withinthe M , . occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that is scheduled by

DCI format 1_0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell, the UE determines a
HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception; otherwise, the proceduresin
Subclause 9.1.2.1 and Subclause 9.1.2.2 for aHARQ-ACK codebook determination apply.

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

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

informationinaPUCCH indot n. If serving cell C isdeactivated, the UE uses as the active DL BWP for determining
the set of M, . occasions for candidate PDSCH receptions a DL BWP provided by higher layer parameter

firstActiveDownlinkBWP. The determination is based:
d) onasetof dottiming values K, associated with the active UL BWP

a) If the UE isconfigured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for
DCI format 1_1 on serving cell ¢, K, isprovided by the dot timing values{1, 2, 3, 4, 5, 6, 7, 8} for DCI
format 1 O
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b) If the UE is configured to monitor PDCCH for DCI format 1_1 for serving cell ¢, K, isprovided by higher
layer parameter di-DataToUL-ACK for DCI format 1 1

b) onaset of rowindexes R of atablethat is provided either by afirst set of row indexes of atable that is
provided by PDSCH-TimeDomainResourceAllocationList in PDSCH-ConfigCommon or by Default PDSCH
time domain resource alocation A [6, 38.214], or by the union of the first set of row indexes and a second set of
row indexes, if provided by higher layer parameter PDSCH-TimeDomainResourceAllocationList in PDSCH-

Config, associated with the active DL BWP and defining respective sets of slot offsets K, start and length
indicators SLI1V, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and

c¢) if provided, on higher layer parameter TDD-UL-DL-ConfigurationCommon and higher layer parameter TDD-
UL-DL-ConfigDedicated as described in Subclause 11.1.

For the set of slot timing values K, , the UE determinesaset of M , . occasions for candidate PDSCH receptions or
SPS PDSCH releases according to the following pseudo-code.

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

Set M, =0
Set ¢(K,) to the cardinality of set K;
Set k =0 —index of slot timing values K, , , in descending order of the slot timing values, in set K, for serving cell ¢

while k < ¢(K,)
Set R to the set of rows
Set ¢(R) to the cardinality of R

Set r =0 —index of row inset R

if dot n issameas or after adot for an active DL BWP change on serving cell ¢ or an active UL BWP change on
the PCell and slot n— K, isbeforethe dot for the active DL BWP change on serving cell ¢ or the active UL BWP

change on the PCell

k=k+1;
else

while " <¢(®)
if the UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, or higher layer parameter
TDD-UL-DL-ConfigDedicated and, for each slot from slot N— K, — N{3e,, +1 to slot n— K, at least one
symbol of the PDSCH time resource derived by row r isconfigured as UL where K, isthek-th slot
timing valueinset K, ,

R=R\r .

end if
r=r+1:

end while

If the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R+ &,
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MA,c = MAcuk’
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 Rz &
Set =0
while r < ¢(R)
if S<m for start OFDM symbol index S for row r

b, = j: -index of occasion for candidate PDSCH reception or SPS PDSCH rel ease associated
with row r

R=R\r;
B=BUb, ;
end if
r=r+1;
end while
Mac=M,a UJ;
j=j+1;
Set M to the smallest last OFDM symbol index among all rows of R;
end while
end if
k=k+1.
end if
end while

For occasions of candidate PDSCH receptions corresponding to rows of R associated with asame value of b, , where
b, , € B, the UE does not expect to receive more than one PDSCH in asame slot.

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

- M,.=1and

- higher layer parameter PDSCH-CodeBlockGroupTransmission is provided to the UE

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

If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by aDCI format 1 0 and if

- the UE is configured with more than one serving cells, or
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- M,.>1,and
- higher layer parameter PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE repeats N a0 ack timesthe HARQ-ACK information for the transport block in the PDSCH or for the SPS
PDSCH release.

If aUE is provided higher layer parameter di-DataToUL-ACK, the UE does not expect to be indicated by DCI format
1 Oadot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set

of dot timing values{1, 2, 3,4, 5, 6, 7, 8} and the set of ot timing values provided by higher layer parameter 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 higher
layer parameter maxNrofCodeWordsScheduledByDCl 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
generatesa NACK for the second transport block if higher layer parameter harg-ACK-Spatial BundlingPUCCH is not
provided and generates HARQ-ACK information with value of ACK for the second transport block if higher layer
parameter harg-ACK-Spatial BundlingPUCCH is provided.

A UE determines 6;'“, 6/"™,...,60:&_, HARQ-ACK information bits, for atotal number of O,, HARQ-ACK

information bits, of aHARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In
the following pseudo-code, if the UE does not receive atransport block or a CBG, due to the UE not detecting a
corresponding DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG.
The cardinality of theset M, . defines atotal number M of occasions for PDSCH reception or SPS PDSCH release

for serving cell ¢ corresponding to the HARQ-ACK information bits.
Set ¢=0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

Set j =0- HARQ-ACK information bit index
Set N2, to the number of serving cells configured by higher layers for the UE

while c< N2,
Set m=0 —index of occasion for candidate PDSCH reception or SPS PDSCH release
while m< M,
if higher layer parameter harg-ACK-Spatial BundlingPUCCH is not provided, higher layer parameter
PDSCH-CodeBlockGroupTransmission is not provided, and the UE is configured by higher layer

parameter maxNrofCodeWordsScheduledByDCl with reception of two transport blocks for the active DL
BWP of serving cell C,

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

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

elseif higher layer parameter harg-ACK-SpatialBundlingPUCCH is provided, and the UE is configured by
higher layer parameter maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks for
the active DL BWP of serving cell c,

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

transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the
second transport block;
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j=17+1;

elseif higher layer parameter PDSCH-CodeBlockGroupTransmission is provided, and Nijarace, CBGsare
indicated by higher layer parameter maxCodeBlockGroupsPer TransportBlock for serving cell C,

Set Negg =0 - CBG index

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

0% =HARQ-ACK information bit corresponding to CBG Nggg of the first transport block;

j+NceG

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

0/ eereme = HARQ-ACK information bit corresponding to CBG Nggg of the second
j+ncee+NyaRg-ACK ¢
transport block;
end if
Negg = Nege +1;
end while

j = j+ N5 - NSano ke Where N isthe value of higher layer parameter

maxNrofCodeWordsScheduledByDCI for the active DL BWP of serving cell C;
else
0,"™ = HARQ-ACK information bit of serving cell C;
j=j+1
end if
m=m+1;
end while
c=c+1;
end while

If Opcx + O +Ocg <11, the UE determines a number of HARQ-ACK information bits n, gz 4o« fOr obtaining a

NgigMc—1 NgiisMc 1 _
transmission power for aPUCCH, as described in Subclause 7.2.1, 8 Nyuponck = D, O N4 )" " Nyeevedcse
c=0 m=0 c=0 m=0

where

- Nj¥ js the number of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ if

higher layer parameters harg-ACK-Spatial BundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not
provided, or the number of transport blocks the UE receives in PDSCH reception occasion m for serving cell ¢
if higher layer parameter PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is
scheduled by a DCI format 1_0, or the number of PDSCH receptions if higher layer parameter harg-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.

- N[®eVICE6 jsthe number of CBGs the UE receivesin a PDSCH reception occasion m for serving cell ¢ if

higher layer parameter PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is
scheduled by aDCI format 1_1 and the UE reports corresponding HARQ-ACK information in the PUCCH.
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9.1.2.2 Type-1 HARQ-ACK codebook in physical uplink shared channel

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

- if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK
information in the PUSCH, based on a value of arespective PDSCH-to-HARQ feedback timing field in a DCI
format scheduling the PDSCH reception or the SPS PDSCH release or on the value of the higher layer parameter
di-DataToUL-ACK if the PDSCH-to-HARQ feedback timing field is not present in the DCI format, in any of the

M, occasions for candidate PDSCH receptions by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any
serving cell €, asdescribed in Subclause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the
PUSCH transmission;

- elsethe UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1, except that harg-ACK-
SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH, unless the UE receives only a SPS
PDSCH release or only 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 Subclause 9.1.2.

A UE setsto 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 O_0 or aDCI format 0_1 scheduling the PUSCH transmission.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE
generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when avalue of the DAI field in DCI format

01is VTLiLDALm =1 except that harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH.

The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when V;’p,, . =0

unless the UE receives only a SPS PDSCH release or only a PDSCH that is scheduled by DCI format 1_0 with a
counter DAI field value of 1 on the PCell inthe M_ occasions for candidate PDSCH receptions in which case the UE

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

9.1.3 Type-2 HARQ-ACK codebook determination
This subclause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.

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

A UE determines monitoring occasions for PDCCH with DCI format 1 0 or DCI format 1_1 for scheduling PDSCH
receptions or SPS PDSCH release on an active DL BWP of aserving cell ¢, as described in Subclause 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 values for PUCCH transmission with HARQ-ACK informationin slot N in
response to PDSCH receptions or SPS PDSCH release

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

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

The set of PDCCH monitoring occasions for DCI format 1 0 or DCI format 1_1 for scheduling PDSCH receptions or
SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured
serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring
occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number M of PDCCH monitoring
occasions.

A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the
accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS
PDSCH release(s) associated with DCI format 10 or DCI format 1_1 is present, up to the current serving cell and
current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of
PDCCH monitoring occasion index m, where 0<m< M .
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The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of { serving cell,
PDCCH monitoring occasion} -pair(s) in which PDSCH reception(s) or SPS PDSCH release(s) associated with DCI
format 1_0 or DCI format 1_1 is present, up to the current PDCCH monitoring occasion mand is updated from
PDCCH monitoring occasion to PDCCH monitoring occasion.

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

¢ in PDCCH monitoring occasion M according to Table 9.1.3-1. Denote by V;*5,,,., the value of the total DAI in DCI

format 1_1 in PDCCH monitoring occasion m according to Table 9.1.3-1. The UE assumes a same value of total DAI
inal DCI formats 1_1in PDCCH monitoring occasion m.

If the UE transmits HARQ-ACK information inaPUCCH in dot n and for any PUCCH format, the UE determines the

0y, 0, %,...,005% _, . for atotal number of O, HARQ-ACK information bits, according to the following pseudo-
code:
Set ¢=0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

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

Set j=0
Set Vi =0

Set V,

temp2 =

0
SetV, =@

Set N2y, to the number of serving cells configured by higher layers for the UE

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

while m< M

DL
while €< Nedis

if PDCCH monitoring occasion m is before an active DL BWP change on serving cell ¢ or an active UL BWP
change on the PCell and an active DL BWP change is not triggered by a DCI format 1_1 in PDCCH monitoring
occasion m

c=c+1;
ese

if thereisaPDSCH on serving cell ¢ associated with PDCCH in PDCCH monitoring occasion m, or there
isaPDCCH indicating SPS PDSCH release on serving cell €

if VCD—LDAI ,c,m SVtemp
j=j+1
end if

V,

DL
temp _VC—DAI ,c,m

. DL _
if ViZoam =9
_\/DL

Vtemp2 _VC—DAI,c,m

else
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V,

_\/DL
temp2 _VT—DAI ,m

end if

if the higher layer parameter harg-ACK-Spatial BundlingPUCCH is not provided and m isamonitoring
occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer
parameter maxNrofCodeWordsScheduledByDCIl with reception of two transport blocks for at |east one
configured DL BWP of at least one serving cell,

~ACK
8] +2(V(IZD—LDAI cm ‘1)

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

~ACK
o)

8] +2(V(I‘,3—LDAI cm ‘1)*1

cell

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

Vs =Vs U{8J + 2(VCD—LDAI ,c,m _l)’8j + 2(VCD—LDAI ,c.m _1)+1}

elseif the higher layer parameter harg-ACK-Spatial BundlingPUCCH is provided to the UE and m isa
monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer
parameter maxNrofCodeWordsScheduledByDCIl with reception of two transport blocksin at least one
configured DL BWP of a serving cell,

~ACK
- yDL
4i+Vepaem™t

and second transport blocks of this cell

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

Vs =Vs U{4J +VCD—LDAI ,cm _1}
else

0", = HARQ-ACK information bit of this cell

4j+VP N o1
V=V, Uldj V2, 1)
end if
end if
c=c+1
end if
end while
m=m+1
end while
if Viewz < Vienp
j=j+1
end if

if the higher layer parameter harg-ACK-Spatial BundlingPUCCH is not provided to the UE and the UE is configured
by higher layer parameter maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks for at least
one configured DL BWP of aserving cell,

0" =2-(4 [+ Vo)

else
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OACK :4. J _"_\/t

emp2
end if

K = NACK for any ie {04...,0°* —1}\v,
Set c=0

DL
while €< Neais

if SPS PDSCH reception is activated for a UE and the UE is configured to receive SPS PDSCH in aslot
n—K,. forserving cell ¢, where K. isthe PDSCH-to-HARQ-feedback timing value for SPS PDSCH on
serving cell ¢

O = 0" 41

03%,( _,= HARQ-ACK information bit associated with the SPS PDSCH reception
end if
c=c+1;

end while

For aPDCCH monitoring occasion with DCI format 1_0 or DCI format 1_1 in the active DL BWP of a serving cell,
when a UE receives a PDSCH with one transport block and the value of higher layer parameter
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 higher layer parameter har g-ACK-Spatial BundlingPUCCH
is not provided and generates HARQ-ACK information with value of ACK for the second transport block if higher
layer parameter harg-ACK-Spatial BundlingPUCCH is provided.

If aUE is not provided higher layer parameter PDSCH-CodeBlockGroupTransmission for each of the N2, serving

cells, or for PDSCH receptions scheduled by DCI format 1_0, or for SPS PDSCH receptions, or for SPS PDSCH
release, and if O +Og +Ocg <11, the UE determines a number of HARQ-ACK information bits ny,pq ack fOr

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

Neiis—1 Nedis—1 ("M -1
DL DL recaved
Nuaro-ack = Miarg-ack T8 = [[VDAI M ZU DAI c] mod 4] (\ gy Z [Z Np, NSPs,cj

m=0

where

- if Ngyie=1, V5u . isthe value of the counter DAI in the last DCI format 1_0 or DCI format 1_1 scheduling

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

- f N>

cells

- if the UE does not detect any DCI format 1_1 in alast PDCCH monitoring occasion within the M PDCCH
monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or
indicating SPS PDSCH release for any serving cell C, VDDALI,mas isthe value of the counter DAI inalast DCI
format 1_0 the UE detectsin the last PDCCH monitoring occasion

- if the UE detects at least one DCI format 1_1 in alast PDCCH monitoring occasion withinthe M PDCCH
monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or
indicating SPS PDSCH release for any serving cell C, Vi, m. Isthevaueof thetotal DAI in the at least one
DCI format 1_1

ETSI



3GPP TS 38.213 version 15.3.0 Release 15 46 ETSI TS 138 213 V15.3.0 (2018-10)

Viaim, =0 if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or
indicating SPS PDSCH release for any serving cell ¢ inany of the M PDCCH monitoring occasions.

Upaic isthe total number of DCI format 1_0 and DCI format 1_1 scheduling PDSCH receptions or indicating
SPS PDSCH release that the UE detects within the M PDCCH monitoring occasions for serving cell c.
Upaie =0 if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or
indicating SPS PDSCH release for serving cell € inany of the M PDCCH monitoring occasions.

N%mx = 2 if the value of higher layer parameter maxNrofCodeWordsScheduledByDCl is 2 for any serving cell
¢ and higher layer parameter harg-ACK-SpatialBundlingPUCCH is not provided; otherwise, N2x =1

TB,max

N,e#¥! s the number of transport blocks the UE receivesin a PDSCH scheduled by DCI format 1_0 or DCI

format 1_1 that the UE detectsin PDCCH monitoring occasion m for serving cell ¢ if higher layer parameter
harg-ACK-SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by DCI format 1_0 and
DCI format 1_1 that the UE detectsin PDCCH monitoring occasion m for serving cell ¢ if higher layer
parameter harg-ACK-SpatialBundlingPUCCH is provided, or the number of DCI format 1_0 that the UE detects
and indicate SPS PDSCH release in PDCCH monitoring occasion m for serving cell C.

Nges, iSthe number of SPS PDSCH receptions by the UE on serving cell ¢ for which the UE transmits

corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to
PDSCH receptions or SPS PDSCH release scheduled by DCI format 1_0 withinthe M PDCCH monitoring
occasions.

If aUE

is provided higher layer parameter PDSCH-CodeBlockGroupTransmission for N2 ¢ serving cells; and

isnot provided higher layer parameter PDSCH-CodeBlockGroupTransmission, for N2 serving cells where

DL,TB DL,CBG __ DL
Negis + Negis = Negis

~ ACK

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

N isused for the determination of afirst HARQ-ACK sub-codebook for SPS PDSCH releases, SPS PDSCH
receptions, and for TB-based PDSCH receptions scheduled by DCI formats 1_0 on the N2i:“®° serving cells
and by DCI formats 1_0 and DCI formats 1_1 onthe N2:™ serving cells

N2 isreplaced by N2*° for the determination of a second HARQ-ACK sub-codebook corresponding to the

N2-“®¢ serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, and

- Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the
Noi 2 serving cells, the UE generates Nano ackmac HARQ-ACK information bits, where N0 aeg max

is the maximum value of Ny .- Niano acke acrossall N2 serving cellsand Ny, isthe value of higher

layer parameter maxNrofCodeWordsScheduledByDCI for serving cell . If for aservingcell C itis
N'II'DBL,C : ngiggirgalzc < NgiggBArgalz(,max ) the UE generates NACK for the last NgiggBArgalz(,max - N'I[')i;c . aniggBAnéaéc
HARQ-ACK information bits for serving cell C

- The pseudo-code operation when higher layer parameter 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
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If Opcx +O0gx +Ocg <11, the UE also determines nyaeo ack = MNuaro-ack, 18 + Muaro-ack.ce 10F Obtaining a PUCCH
transmission power, as described in Subclause 7.2.1, with

where

Nis 1

<

-1
N received,CBG
m,c

c=0 0

i

NEEe L
_ DL CBG CBG/TB,max
nHARQ-ACK,CBG - [(VDAlmas - ZUDAI,C mod 4 NHARQ—ACK,max +
c=0

if N2,

=1, Vo . isthe value of the counter DAI in the last DCI format 1_1 scheduling CBG-based

DAI, My

PDSCH reception for any serving cell € that the UE detects withinthe M PDCCH monitoring occasions

it Nowis >1, Vox o V&oam, isthevalue of the total DAI in the last DCI format 1_1 scheduling CBG-
based PDSCH reception for any serving cell C that the UE detects withinthe M PDCCH monitoring
occasions

Viaim, =0 if the UE does not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for any
serving cell ¢ inany of the M PDCCH monitoring occasions

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

DAIlc

within the M PDCCH monitoring occasions for serving cell ¢. USH; =0 if the UE does not detect any

DCI format 1 1 scheduling CBG-based PDSCH reception for serving cell ¢ inany of the M PDCCH
monitoring occasions

N,esvedBE s the number of CBGs the UE receivesin a PDSCH scheduled by DCI format 1_1 that the UE

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

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

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

MSB. LSB VCD}DA, or VT?LDAI PDSCH transmission(s) associated with PDCCH or PDCCH indicating

' SPS PDSCH release is present, denoted as Y and Y >1
0,0 1 (Y-1)mod4+1=1
0,1 2 (Y-1)mod4+1=2
1,0 3 (Y-1)mod4+1=3
11 4 (Y-D)mod4+1=4
9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel

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

scheduled

by DCI format 0_0, then

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

for

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

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

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

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE
generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:
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- For 0<sm<M -1, V50 =@ andfor m=M -1, ;> . isreplaced by V", » where Vi, 1 isthe
value of the DAI field in DCI format O_1 according to Table 9.1.3-2

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

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

A UE does not multiplex in a PUSCH transmission HARQ-ACK information that is in response to PDSCH reception or
SPS PDSCH release scheduled by DCI format 1 0 or DCI format 1_1 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 aDCI format 0_1
scheduling the PUSCH transmission.

If aUE is not provided higher layer parameter 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 SPS

PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-
ACK information in the PUSCH transmission.

If aUE is provided higher layer parameter 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

V2, =4 and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0

or with DCI format 1 1, respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell C
and the UE does not have HARQ-ACK information in response to SPS PDSCH reception(s) to multiplex in the
PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-
codebook or for the second sub-codebook, respectively, in the PUSCH transmission.

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

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

MSEAII_SB Vit PDSCH transmission(s) associated with PDCCH or PDCCH indicating
' SPS PDSCH release is present, denoted as X and X >1
0,0 1 (X -1)mod4+1=1
0,1 2 (X -1)mod4+1=2
1,0 3 (X -)mod4+1=3
11 4 (X -)mod4+1=4
9.2 UCI reporting in physical uplink control channel

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

A UE may transmit one or two PUCCHSs on a serving cell in different symbols within aslot of |\Lic,f]t symbols as

defined in [4, TS 38.211]. When the UE transmits two PUCCHs in adlot, at least one of the two PUCCHSs uses PUCCH
format O or PUCCH format 2.

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-
ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon
in Systeml nformationBlockTypel through an index to arow of Table9.2.1-1 for transmission of HARQ-ACK

information on PUCCH in aniinitial active UL BWP of N3, PRBs provided by SysteminformationBlockTypel. The
PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, afirst symbol, a duration, a
PRB offset RBQU?E‘ , and acyclic shift index set for aPUCCH transmission. The UE transmits a PUCCH using
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frequency hopping. An orthogonal cover code with index O 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 the Msg3 PUSCH
transmission.

The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection
as described in [12, TS38.331].

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or
DCI format 1_1, the UE determines a PUCCH resource with index Toyco, O<Tpyccy 15, as

2-n,
Moucch = { N CeEo J +2-Apg » Where Nz isanumber of CCEsin acontrol resource set of a PDCCH reception with
CCE

DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, n. , istheindex of afirst CCE for the PDCCH
reception, and Apru isavalue of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1.

If LrWCCH/SJ =0

offset

- the UE determines the PRB index of the PUCCH transmission in the first hop as RBgyp + \_FPUCCH / NCSJ and the

PRB index of the PUCCH transmission in the second hop as N2, —1— RBI™ _ |, .. /N |, where Ngs is
the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes

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

If |_rPUCCH/8J =1

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

R OII\/SE’t +\_(rPUCCH _8)/NCSJ
- the UE determinesthe initial cyclic shift index in the set of initial cyclic shift indexes as (rPUCCH —8)mod Ncs

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

PRB offset P
Index PUCCH format | First symbol | Number of symbols R o:/fva;t %e; ionfo;g)'(tézl
0 0 12 2 0 {0, 3}
1 0 12 2 0 {0, 4, 8}
2 0 12 2 3 {0, 4, 8}
3 1 10 4 0 {0, 6}
4 1 10 4 0 {0, 3, 6, 9}
5 1 10 4 2 {0, 3, 6, 9}
6 1 10 4 4 {0, 3, 6, 9}
7 1 4 10 0 {0, 6}
8 1 4 10 0 {0, 3, 6, 9}
9 1 4 10 2 {0, 3, 6, 9}
10 1 4 10 4 {0, 3, 6, 9}
11 1 0 14 0 {0, 6}
12 1 0 14 0 {0, 3, 6, 9}
13 1 0 14 2 {0, 3, 6, 9}
14 1 0 14 4 {0,3,6,9}
15 1 0 14 [Ns2, /4] {0, 3,6, 9}

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

A PUCCH resource includes the following parameters:
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- aPUCCH resource index provided by higher layer parameter pucch-Resourceld

- anindex of thefirst PRB prior to frequency hopping or for no frequency hopping by higher layer parameter
startingPRB

- anindex of thefirst PRB after frequency hopping by higher layer parameter secondHopPRB;
- anindication for intra-d ot frequency hopping by higher layer parameter intraSotFrequencyHopping

- aconfiguration for aPUCCH format, from PUCCH format 0 through PUCCH format 4, provided by higher layer
parameter format

If the higher layer parameter 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 aninitial cyclic shift provided by higher
layer parameter initial CyclicShift, a number of symbols for a PUCCH transmission provided by higher layer parameter
nrofSymbols, afirst symbol for the PUCCH transmission provided by higher layer parameter startingSymbollndex.

If the higher layer parameter 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 aninitial cyclic shift provided by higher
layer parameter initial CyclicShift, a number of symbols for a PUCCH transmission provided by higher layer parameter
nrofSymbols, afirst symbol for the PUCCH transmission provided by higher layer parameter startingSymbollndex, and
an index for an orthogonal cover code by higher layer parameter timeDomainOCC.

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

If the higher layer parameter format indicates PUCCH-for mat4, 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 higher layer parameter nrofSymbols, alength for an orthogonal cover code by higher layer parameter occ-
Length, an index for an orthogonal cover code by higher layer parameter occ-Index, and afirst symbol for the PUCCH
transmission provided by higher layer parameter startingSymbol Index.

A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by higher layer
parameter PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by higher layer parameter
pucch-ResourceSetld, with a set of PUCCH resource indexes provided by higher layer parameter resourcel.ist 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 higher layer parameter
maxPayloadMinusl. For the first PUCCH resource set, the maximum number of UCI information bitsis2. A maximum
number of PUCCH resource indexes for a set of PUCCH resourcesis provided by higher layer parameter
maxNrofPUCCH-ResourcesPer Set. The maximum number of PUCCH resourcesin the first PUCCH resource set is 32
and the maximum number of PUCCH resources in the other PUCCH resource setsis 8.

If the UE transmits N 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 = 0if Ny < 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< Nyg =N, where N, isprovided by higher layer parameter maxPayloadMinusl for the PUCCH
resource set with pucch-ResourceSetld = 1, or

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

N, < Nyg <N; where N; isprovided by higher layer parameter maxPayloadMinusl for the PUCCH
resource set with pucch-ResourceSetld = 2, or
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- afourth set of PUCCH resources with pucch-ResourceSetld = 3, if provided by higher layers, if
N, < Nyg £1706.

9.2.2 PUCCH Formats for UCI transmission
If aUE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in a PUCCH using
- PUCCH format O if
- thetransmission isover 1 symbol or 2 symbols,
- the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR hits) is1 or 2
- PUCCH format 1 if
- thetransmission isover 4 or more symbols,
- the number of HARQ-ACK/SR bitsis1 or 2
- PUCCH format 2 if
- thetransmission isover 1 symbol or 2 symbols,
- the number of UCI bitsis more than 2
- PUCCH format 3 if
- thetransmission isover 4 or more symbols,
- the number of UCI bitsis more than 2,
- the PUCCH resource does not include an orthogonal cover code
- PUCCH format 4 if
- thetransmission isover 4 or more symbols,
- the number of UCI bitsis more than 2,
- the PUCCH resource includes an orthogonal cover code

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

- |If PUCCH-SpatialRelationlnfo provides higher layer parameter ssb-Index, the UE transmits the PUCCH using a
same spatial domain filter as for areception of a SSYPBCH block with index provided by ssb-Index for a same
serving cell or, if higher layer parameter servingCellld is provided, for a serving cell indicated by servingCellld

- eseif PUCCH-SpatialRelationlnfo provides higher layer parameter csi-RS-Index, the UE transmits the PUCCH
using a same spatial domain filter asfor areception of a CSI-RS with resource index provided by csi-RS-Index
for asame serving cell or, if higher layer parameter servingCellld is provided, for a serving cell indicated by
servingCellld

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

A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is provided by higher layer
parameter additional DMRS.
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Use of n/2-PBSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 isindicated by higher layer
parameter pi2BPSK.

9.2.3 UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK informationin aslot.

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

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

If the UE detectsa DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a
PDSCH reception or activates a SPS PDSCH reception ending in slot n, the UE provides corresponding HARQ-ACK
information in aPUCCH transmission within slot n+k where k is provided by higher layer parameter dl-DataToUL-
ACK.

With reference to dots for PUCCH transmissions, if the UE detectsa DCI format 1_0 or aDCI format 1_1 scheduling a
PDSCH reception endingin dot n or if the UE detectsa DCI format 1_0 indicating a SPS PDSCH release through a
PDCCH reception ending in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH

transmission within slot N+Kk , where K isanumber of slots and isindicated by the PDSCH-to-HARQ-timing-
indicator field in the DCI format, if present, or provided by higher layer parameter di-DataToUL-ACK. If the PDSCH
subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the
PDCCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing, K=0 corresponds to the slot of
the PUCCH transmission that overlaps with the dot of the PDSCH reception or of the PDCCH reception in case of SPS
PDSCH release. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing or, in case of SPS
PDSCH release if the PDCCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, K=0 corresponds to
the dlot of the PUCCH transmission that ends at a same time as the sot of the PDSCH reception or of the PDCCH
reception in case of SPS PDSCH release.

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

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

slots
PDSCH-to-HARQ_feedback timing indicator Number of slots K
1 bit 2 bits 3 bits

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

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

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

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

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

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

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set

of PUCCH resources for Ny, HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource

determination is based on a PUCCH resource indicator field [5, TS 38.212] inalast DCI format 1_0 or DCI format 1 1,
among the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator
field indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits
corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI
formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order
across PDCCH monitoring occasion indexes.
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The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table
9.2.3-2, provided by higher layer parameter ResourceL.ist for PUCCH resources from a set of PUCCH resources
provided by higher layer parameter PUCCH-ResourceSet with a maximum of eight PUCCH resources.

For the first set of PUCCH resources and when the size Royccyy Of higher layer parameter resourcelist is larger than

eight, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting alast DCI
format 1_0 or DCI format 1_1in aPDCCH reception, among DCI formats 1_0 or DCI formats 1_1 with a value of the
PDSCH-to-HARQ _feedback timing indicator field indicating a same slot for the PUCCH transmission, the UE

determines a PUCCH resource with index myccn, 0< I'eycen < Reucen —1, 88

n . 8
M +Apgy {M—‘ if  Apy < Royeey Mod8
; NCCE,p 8
PUCCH —
n . 8
M + APRI . \‘MJ + RPUCCH mod8 if APRI > RPUCCH mod8
NCCE,p 8

where N¢ce , isanumber of CCEsin control resource set p of the PDCCH reception for the DCI format 1_0 or DCI

format 1_1 as described in Subclause 10.1, N , istheindex of afirst CCE for the PDCCH reception, and APR| isa
value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1.

Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH
resource set with maximum 8 PUCCH resources

PUCCH resource indicator PUCCH resource

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

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

010" 34 PUCCH resource provided by pucch-ResqurceId obtained from the
3" value of resourceList

011" 4th PUCCH resource provided by pucch-ReSO_urceId obtained from the
4" value of resourcelist

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

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

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

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

If aUE detectsafirst DCI format 1_0 or DCI format 1_1 indicating a first resource for a PUCCH transmission with
corresponding HARQ-ACK information in a slot and also detects at alater time a second DCI format 1_0 or DCI
format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the
slot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a
PUCCH resource in the dot if the PDCCH reception that includes the second DCI format is not earlier than N,
symbols from afirst symbol of the first resource for PUCCH transmission in the slot where, for UE processing
capability 1 and subcarrier spacing configuration &, N; =8 for £ =0, N;=10for g =1, Ny, =17 for u=2,

N, =20 for 4 =3.

If a UE transmits HARQ-ACK information corresponding only to a PDSCH reception without a corresponding
PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK information is provided by
higher layer parameter Nn1IPUCCH-AN.

If aUE transmits a PUCCH with HARQ-ACK information using PUCCH format O, the UE determines values m, and
ms for computing avalue of cyclic shift & [4, TS 38.211] where my, is provided by higher layer parameter
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initial CyclicShift of PUCCH-formatO, and mg is determined from the value of one HARQ-ACK information bit or
from the values of two HARQ-ACK information bitsasin Table 9.2.3-3 and Table 9.2.3-4, respectively.

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

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

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

0
HARQ-ACK Value {0, 0} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift M =0 Mes =3 M =6 M =9

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided avalue for m,
by higher layer parameter initial CyclicShift of PUCCH-format1.

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

format 3 in aPUCCH resource that includes M °®" PRBs, the UE determines a number of PRBS Mg for the

PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs M j5 ™

provided respectively by higher layer parameter nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and

starts from the first PRB from the number of PRBs; that results to (Oxg +Ocre) < Migmn - Nbwy - Nomocve - Q7 and,
if MIEECCH >1, (OACK +OCRC) > (M :g%: _1)' N;,ch ’ N;Jng(-:go -Qp -1, where N;,ch ’ N;Um(;?SCI ! Qm .and r are
defined in Subclause 9.2.5.2. If (O +Ognc) > (ML —1)- NE2, - NFUSH. Q-1 , the UE transmits the PUCCH

over M PRBs.

9.2.4 UE procedure for reporting SR

A UE is configured by higher layer paremater SchedulingRequestResourceConfig a set of configurationsfor SRina
PUCCH transmission using either PUCCH format 0 or PUCCH format 1.

The UE is configured a PUCCH resource by higher layer parameter SchedulingRequestResourceld providing a PUCCH
format O resource or aPUCCH format 1 resource as described in Subclause 9.2.1. The UE is also configured a
periodicity SRocropicry 1N Symbolsor slots and an offset SR ;N dots by higher layer parameter

periodicityAndOffset for a PUCCH transmission conveying SR. If SRocropigry 1S larger than one slot, the UE
determines a SR transmission occasion in aPUCCH to be in aslot with number_n%; [4, TS 38.211] in aframe with

. frame,u V% ) =
number n; if (nf ’ Ndot +ns,f _S:%FFSET rnOdS:§3ERIODICI‘IY =0.

If SReeriopiciry 1SONe slot, the UE expects that SRy =0 and every dot isa SR transmission occasion in a PUCCH.

If SReeriopiciry 1S SMaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol
withindex_| [4, TS38.211] if (I —I, mod SRecriooiairy )MOd SRecriomary = 0 Where | isthe value of higher layer
parameter startingSymbol I ndex.

If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the

PUCCH transmissionin adot is smaller than the value provided by higher layer parameter nrofSymbols, the UE does
not transmit the PUCCH in the slot.

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

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

9.25 UE procedure for reporting multiple UCI types

This Subclause is applicable to the case that a PUCCH transmission is over asingle slot. The case that a PUCCH
transmission is with repetitions over multiple slots is described in Subclause 9.2.6.

If aUE is configured with multiple PUCCH resourcesin a dot to transmit only semi-persistent or periodic CSI reports

- if the UE isnot provided higher layer parameter multi-CS -PUCCH-ResourceL.ist, the UE determines a first
resource corresponding to a CSl report with the highest priority [6, TS38.214]

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

- if thefirst resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resourcesin
the 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 CS| reporting

- if the UE is provided higher layer parameter multi-CS-PUCCH-Resourcelist and if any of the multiple PUCCH
resources overlap, the UE multiplexes al CSl reportsin aresource from the resources provided by multi-CSl -
PUCCH-ResourceLigt, as described in Subclause 9.2.5.2

If a UE would transmit multiple overlapping PUCCHs in aslot or overlapping PUCCH(s) and PUSCH(s) in aslot and,
when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI typesin
one PUCCH, and at |east one of the multiple overlapping PUCCHs or PUSCHs isin response to a DCI format detection
by the UE, the UE multiplexes all corresponding UCI typesif the following conditions are met.

If one of the PUCCHSs or PUSCHs isin 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

- S, isnot before asymbol with CP starting after T 07 = (N1 +dy, +1)- (2048+144)- k- 27* T, after alast
symbol of any corresponding PDSCH, where & corresponds to the smallest subcarrier spacing configuration
among the subcarrier spacing configuration of the PDCCH scheduling the PDSCH, the subcarrier spacing
configuration of the PDSCH, and the smallest subcarrier spacing configuration for the group of overlapping
PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the reception of the
PDSCH

- §, isnot before asymbol with CP starting after T o e = (N +d;, +1)- (2048+144)- k- 27 T, after alast
symbol of any corresponding SPS PDSCH release, where N is described in Subclause 10.2 and ¢ corresponds
to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH
providing the SPS PDSCH release and the smallest subcarrier spacing configuration for the group of overlapping

PUCCHSs or overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to
the detection of the SPS PDSCH release

- if thereis no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHSs,
S, isnot before a symbol with CP starting after T, = max((N2 +d,, +1)-(2048+144)- k- 274 T, dzyz) after

proc2 —
alast symbol of a PDCCH scheduling the PUSCH or after alast symbol of any PDCCH scheduling a PDSCH or
SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot, where
M corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of

the PDCCHs and the smallest subcarrier spacing of the overlapping PUCCHs and PUSCHs
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- if thereisan aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHSs,
S, isnot before asymbol with CP starting after T ey = max((Z +d)-(2048+144)- k- 27 - T, dzyz) after alast
symbol of a PDCCH with the DCI format scheduling the PUSCH or after alast symbol of any PDCCH
scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping
PUCCH inthe slot, where 1 correspondsto the smallest subcarrier spacing configuration among the subcarrier

spacing configuration of the PDCCHSs, the smallest subcarrier spacing configuration for the group of the
overlapping PUCCHs and PUSCHSs, and the smallest subcarrier spacing configuration of aperiodic CSI-RS
associated with the DCI format scheduling the PUSCH, and d =2 for #=0,1, d=3 for =2 and d =4

for =3

- N;, Ny, d,,d,,,d,,,and Z aredefinedin[6, TS 38.214] for PDSCH receptions, and x 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 PUSCHY(s) in adlot, one
of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH isnot in
response to a DCI format detection, the UE expects that the first symbol S, of the earliest PUCCH or PUSCH satisfies

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

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

If there is one or more aperiodic CSI reports multiplexed on PUSCHs in the group of overlapping PUCCHs and
PUSCHs and if symbol S, isbefore symbol Z' 2™ that isanext uplink symbol with CP starting after

Z s =(2'+d)-(2048+144). k- 27 - T, after the end of the last symbol of

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

- thelast symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RSis used for
channel measurement for triggered CSl report n

the UE is not required to update the CSl report for the triggered CSl report n . Z' isdefinedin[6, TS 38.214] and #
corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configurations of the
PDCCHs scheduling the PUSCHS, the smallest subcarrier spacing configuration of aperiodic CSI-RSs associated with
DCI formats provided by the PDCCHSs triggering the aperiodic CSl reports, and the smallest subcarrier spacing
configuration of the overlapping PUCCHs and PUSCHsand d =2 for #=0,1, d=3 for 4u=2 and d =4 for

u=3.

If a UE would transmit multiple PUCCHsin aslot that include HARQ-ACK information, SR, and CSl reports and any
PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap with any
other PUCCH or PUSCH in the dot that does not satisfy the above timing conditions, the UE multiplexes HARQ-ACK
information, SR, and CSI reports and determines corresponding PUCCHY(s) for transmission in the ot according to the
following pseudo-code. If the multiple PUCCHs do not include HARQ-ACK information and do not overlap with any
PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing conditions do not apply.

If
- aUEisnot provided higher layer parameter multi-CSl-PUCCH-ResourceList, and

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

- thereisno resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format
detection that overlapsin time with any of the previous resources, and

- thefollowing pseudo code results to the HARQ-ACK information and/or the SR being multiplexed on two one
PUCCH transmissions with periodic/semi-persistent CSI reports
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the UE

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

does not transmit the PUCCH with the periodic/semi-persistent CSI report having the lower priority

to the set of resources for transmission of corresponding PUCCHs in aslot where

aresource with earlier first symbol is placed before a resource with later first symbol

for two resources with same first symbol, the resource with longer duration is placed before the resource with
shorter duration

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

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

if the UE is not provided higher layer parameter simultaneousHARQ-ACK-CS and resources for transmission of
HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format
2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded fromthe set Q if they

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

if the UE is not provided higher layer parameter simultaneousHARQ-ACK-CSl 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
fromtheset Q

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

Set ¢(Q) to the cardinality of Q

Set Q(

j,0) to be the first symbol of resource Q(j) inthe slot

Set L(Q(j)) to bethe number of symbols of resource Q(j) intheslot

Set j =0 - index of first resourcein set Q

Set 0=0 - counter of overlapped resources

while j<¢(Q)-1

if |

< ¢(Q)-1 and resource Q(j —0) overlaps with resource Q(j +1)

o=0+1

j=j+1
else

if 0>0

multiplex UCI for resources {Q(j —0),Q(j —0+1),....Q(j)} in asingle resource as described in Subclauses
9.25.1and 9.25.2

set the index of the single resourceto |

Q=0Q\{Q(j -0),Q(j ~0+1)....Q(j -1}

j =0 % start from the beginning after reordering unmerged resources at next step
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0=0
order(Q) % function that re-orders resourcesin current set Q
else
j=j+1
end if
end if
end while
The function order(Q) performs the following pseudo-code
{
k=0
while k < 6’(Q)—1 % the next two while loops are to re-order the unmerged resources
=0
while | <¢(Q)-1-k
it QU.0>Q1+10) o (Q(L0=Q(+10) & LQ()) < LQ(+D))
temp=Q(l)
Ql)=Q(+)
Q(l +1) =temp
end if
I=1+1
end while
k=k+1
end while

}

For each PUCCH resourceinthe 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

- the UE multiplexes HARQ-ACK information and/or CSl reportsin a PUSCH if the PUCCH resource overlapsin
time with a PUSCH transmission, as described in Subclause 9.3, and does not transmit SR. In case the PUCCH
resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-ACK
information and/or CSl is selected as described in Subclause 9. If the PUSCH transmission by the UE ishot in
response to a DCI format detection and the UE multiplexes only CSl reports, the timing conditions are not

applicable.
Subclauses 9.2.5.1 and 9.2.5.2 assume the following

- resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in adot

- multiplexing conditions of corresponding UCI typesin asingle PUCCH are satisfied, and
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- the UE does not transmit any time-overlapping PUSCH in a same frequency band in the slot

For the determination of the number of PRBsin Subclauses 9.2.5.1 and 9.2.5.2, O, =11 if the number of respective

UCI bitsislarger than or equal to 360; otherwise, O isthe number of CRC bits calculated based on the number of
respective UCI bits as described in [5, TS 38.212].

9.251 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH

In the following, a UE is configured to transmit K PUCCHSs for respective K SRsin adot, as determined by a set of
higher layer parameters schedulingRequestResour cel d, with SR transmission occasions that would overlap with a
transmission of a PUCCH with HARQ-ACK information from the UE in the slot or with atransmission of a PUCCH
with periodic/semi persistent CSl transmission from the UE in the dlot.

If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in a resource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK
information as described in Subclause 9.2.3. The UE determines avalue of m, and ms for computing a value of cyclic
shift & [4, TS 38.211] where my, is provided by higher layer parameter initial cyclicshift of PUCCH-format0O, and mgg

is determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information
bitsasin Table 9.2.5-1 and Table 9.2.5-2, respectively.

If the UE would transmit negative SR and a PUCCH with at most two HARQ-ACK information bits in aresource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 for HARQ-ACK information as
described in Subclause 9.2.3.

Table 9.2.5-1: Mapping of values for one HARQ-ACK information bit and positive SR to sequences for
PUCCH format 0

HARQ-ACK Value 0 1
Sequence cyclic shift M =3 M =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, O} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift M =1 M =4 Mg =7 Mes =10

If a UE would transmit positive or negative SR in aresource using PUCCH format 0 and HARQ-ACK information bits
in aresource using PUCCH format 1 in aslot, the UE transmits only a PUCCH with the HARQ-ACK information bits
in the resource using PUCCH format 1.

If the UE would transmit positive SR in afirst resource using PUCCH format 1 and at most two HARQ-ACK
information bitsin a second resource using PUCCH format 1 in aslot, the UE transmits a PUCCH with HARQ-ACK
information bits in the first resource using PUCCH format 1 as described in Subclause 9.2.3. If a UE would transmit
negative SR in aresource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using
PUCCH format 1 in adlot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK
information as described in Subclause 9.2.3.

If a UE would transmit a PUCCH with HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH
format 3 or PUCCH format 4 in adot, as described in Subclause 9.2.3, |_| ng(K +1)-| bits representing a negative or

positive SR, in ascending order of the values of schedulingRequestResourceld, are appended to the HARQ-ACK
information bits and the UE transmits the combined UCI bitsin a PUCCH using a resource with PUCCH format 2 or
PUCCH format 3 or PUCCH format 4 for transmission of HARQ-ACK information bits. An al-zero value for the

[log,(K+1)] bits represents anegative SR value across all K SRs.

If a UE would transmit a PUCCH with periodic/semi-persistent CSI in aresource using PUCCH format 2 or PUCCH
format 3 or PUCCH format 4 inasdlot , |—Iog2(K +1)-| bits representing corresponding negative or positive SR, in

ascending order of the values of schedulingRequestResourceld , are prepended to the periodic/semi-persistent CSI
information bits as described in Subclause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bitsin a
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resource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for CSl reporting. An all-zero value for
the [log, (K +1)] bits represents a negative SR value acrossall K SRs.

If a UE transmits a PUCCH with O, HARQ-ACK information bits, Og, =[log, (K +1)] SR bits, and Oz CRC bits

using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes M 55 PRBs, the UE determines a

number of PRBs M ngﬁf:’ for the PUCCH transmission to be the minimum number of PRBSs, that is smaller than or

equal to anumber of PRBs provided respectively by higher layer parameter nrofPRBsin PUCCH-format2 or nrofPRBs
in PUCCH-format3 and starts from the first PRB from the number of PRBSs, that resultsto

PUCCH RB PUCCH H PUCCH
(OACK +OSR +OCRC) <M RB,min Nsc,clrl ' NS/mb-UCI 'Qm -r and! if M RB > 1!

(Oucx + Ot +Oprc) > (MU _1)- NP, - NPUCSH Q-1 , where NF®,, NFUSH Q. and r are definedin

sc, ctrl sc,ctrl *

Subclause 9.2.5.2. If (O, + O +Ocre) > (M puceH —1)- NS - Nempoc - Qn- T, the UE transmits the PUCCH over the

sc,ctrl
M PRBs.

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

A UE multiplexes HARQ-ACK, with or without SR, and periodic/semi-persistent CSl in a same PUCCH if the UE is
provided higher layer parameter simultaneousHARQ-ACK-CSl; otherwise, the UE drops the periodic/semi-persi stent
CSl report(s) and includes only HARQ-ACK, with or without SR, in the PUCCH.

For atransmission occasion of a single periodic/semi-persistent CSI report, a PUCCH resource is provided by higher
layer parameter pucch-CS-Resourcelist. For atransmission occasion of multiple periodic/semi-persistent CSI reports,
corresponding PUCCH resources are provided by higher layer parameter multi-CS-PUCCH-ResourcelL.ist.

If aUE is provided only one PUCCH resource set for transmission of HARQ-ACK information in response to PDSCH
reception scheduled by a DCI format or in response to a SPS PDSCH release, the UE does not expect to be provided
higher layer parameter simultaneousHARQ-ACK-CS.

A UE is configured by higher layer parameter maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and
periodic/semi-persistent CSI report(s) in a PUCCH transmission using PUCCH format 2, PUCCH format 3, or PUCCH
format 4. If the PUCCH transmission uses PUCCH format 4 and if the total number of UCI bits is more than 115, the
UE drops CSl reports as described in [6, TS38.214] until the total number of UCI bitsis smaller than or equal to 115.

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

If a UE transmits periodic/semi-persistent CSl reports that include Part 2 CSl reports, the UE determines a PUCCH
resource and a number of PRBsin the PUCCH resource assuming that each of the periodic/semi-persistent CSI reports
indicates rank 1. Denote as

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

- O atotal number of SR hits. O =0 if there is no scheduling request bit; otherwise, O = ﬂogz(K +lﬂ as
described in Subclause 9.2.5.1

total
N Ccsl

- O = Z(OCS,_partln +Ocs,_pa,t2,n), where Ocg o, iS@number of Part 1 CSI report bits for CSI report with

n=1

priority level N, Ocg _paz,n iS@number of Part 2 CSI report bits, if any, for CSI report with priority level n [6,
TS38.214], and N isanumber of periodic/semi-persistent CS| reports

= Ocrc = Ocre.csi-pats + Ocre.csi-patz » W€ Ocpe ey s 1S @ NUMber of CRC bits, if any, for encoding HARQ-ACK,
SR and Part 1 CSl report bitsand Ocqc cg.pare 1S @NUMber of CRC bits, if any, for encoding Part 2 CSl report
bits

In the following

- r isacoderate given by higher layer parameter maxCodeRate asin Table 9.2.5.2-1.
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M RPECCH isanumber of PRBsfor PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,

PUCCH

where Mg isprovided by higher layer parameter nrofPRBs in PUCCH-format2 for PUCCH format 2 or by

higher layer parameter nrofPRBs in PUCCH-format3 for PUCCH format 3, and M5~ =1 for PUCCH format

4

N2, = N2 —4 for PUCCH format 2, NS2,, = N5 for PUCCH format 3, and NE2, = NE® /NEYSH for

sc,ctrl scetrl T

PUCCH format 4, where N£° isanumber of subcarriers per resource block [4, TS 38.211]

Nomeue IS equal to anumber of PUCCH symbols N c“*? for PUCCH format 2 provided by higher layer

symb

parameter nrofSymbols in PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, NJ 7%, isequal to

anumber of PUCCH symbols Ng-“** for PUCCH format 3 or equal to anumber of PUCCH symbols

PUCCH,4
N

mb for PUCCH format 4 provided by higher layer parameter 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]

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

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

if the UE is provided by higher layer parameter multi-CS-PUCCH-Resourcelist with J < 2 PUCCH resources
inadot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause
9.2.1, where the resources are indexed according to an ascending order for the product of a number of

corresponding RES, where for PUCCH format 4 the number of REsis NE® /NE°"* | modulation order Q,,,
and configured coderate r ;

- if (Opcx + O +Ocg +Ocre ) S Migo - NE% - NI 0 - Qn T, the UE uses PUCCH format 2 resource
0, or the PUCCH format 3 resource 0, or the PUCCH format 4 resource 0

- eseif (OACK +OSR +OCSI +OCRC)> M SEECH ' N;,E::trl : N;ﬁ(—:ﬂcu 'Qm -1 and
(Oack + O +Ocg +Ocre ) S MRS - NS% - NI - QT , 0< j < J =1, the UE transmits a PUCCH

conveying HARQ-ACK information, SR and periodic/semi-persistent 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

- elsethe 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 NLZ”""S" CSl report(s) for transmission together with
HARQ-ACK information and SR, when any, in ascending priority order as described in [6, TS 38.214]

else, the UE transmits the HARQ-ACK information, SR, and a CS| report as described in Subclause 9.2.5

If aUE 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, TS38.214] to transmit
and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where

the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] inalast DCI
format 1_0 or DCI format 1 _1, from DCI formats 1 0 or DCI formats 1_1 that have a value of a PDSCH-to-
HARQ feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH
resource set provided to the UE for HARQ-ACK transmission, and

the UE determines the PUCCH resource set as described in Subclause 9.2.1 and Subclause 9.2.3 for Ny UCI
bits
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and

- if (Ouex + Ot + Ocgr_pars + Ocrecgrpars) S MEVEH - NEB, - NEUSH . Q, -1, the UE transmits the HARQ-ACK,

SR and periodic/semi-persistent CSI reports bits by selecting the minimum number M e of the M gg "
PRBs SaIiSfyi ng (OACK + OSR +OCS|-part1 + OCRC,CSI-partl)S M Rpg,(r:n(i:: ’ N;itrl ’ N;%(;FLTCI 'Qm -1 asdescribed in
Subclauses 9.2.3 and 9.2.5.1;

- else the UE selects N;‘;"me" CSl report(s) for transmission together with HARQ-ACK and SR in ascending

priority order, where the value of N'®™ satisfies

n=1

N reported
csl
PUCCH RB PUCCH
(OACK + OSR + ZOCSI-partl.n +OCRC,CS|-parll,NJ <M RB ' Nsc,ctrl . Nwmb-UCl . Qm -r and

NEPored 41
PUCCH RB PUCCH .
OACK +OSR + ZOCSI—partl,n +OCRC,CSI—part1,N+1 >M RB ’ Ns:,ctrl ’ NS/mb-UCI 'Qm -T, where OCRC,CSI-partl,N Isa

n=1
Nrspcrled
number of CRC bits corresponding to O, +Og, + ZOCSl_panln UCI bits, and Ocgc, csi-parts,n+1 1S @ number of
n=1

N 41

CRC hits corresponding to O +Og + Y Ocgparizn UC biits.
n=1

If aUE has HARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with
PUCCH format 3 or PUCCH format 4, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] inalast DCI
format 1 0 or DCI format 1 1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-
HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH
resource set provided to the UE for HARQ-ACK transmission, and

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

and

- if (Opek +Og +Opg +Ocre ) S Mg - NEE - NJECR - Q,, -1, the UE transmits the HARQ-ACK,, SR and the
N&' periodic/semi-persistent CSI report bits by selecting the minimum number M j5 e of PRBs from the

M g PRBs satisfying (Oacx +Ost + Ocg +Oure) S Mg - NE%, - NEPod, - Q-1 as described in
Subclauses 9.2.3 and 9.2.5.1

- dsg

- if for NI®"'¥'> 0 CS| part 2 report priority level(s), it is

CSl-part

reported
NC&par2

Neg!
PUCCH RB PUCCH
Z oCSl»panZ,n + oCRC,CSl»panZ,N < [M RB ) Ns:,ml : Nwmh-UCI - [OACK + OSR + Z oCSI-panl,n + oCRC,CSI-partl (Qm : I’) 'Qm -r

n=1 n=1
and

reported tota
NEo, +1 Nes

PUCCH RB PUCCH
zoca-panzn + OCRC‘CSI-partZ‘NJrl > {M RB : Nsc‘ctrl : Nsymb-UCI - {OACK + OSR + zocg-panlm + OCRC‘CSI-panlJ/(Qm : r)U : Qm of

n=1 n=1

the UE selectsthefirst N re“"’”ef CSl part 2 report priority level(s), according to [6, TS 38.214], for transmission

CSl-part:

together with the HARQ-ACK, SR and N2 CSl part 1 reports, where Ocs-parin s the number of CSI part
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1 report bits for the n,, CSl report and Ocs panzn is the number of CS| part 2 report bits for the n,, CSI

,and

'CSl -part2,n

N(’:ﬁnpiz
report priority level, Ocge, cg-patz,n 1S @number of CRC bits corresponding to >
n=1

reported

Ocre,csi-parizn+1 1S @number of CRC bits corresponding to wfzo

CSl-part2,n
n=1

- else, the UE dropsall CSI part 2 reports and selects N!®"*! CSJ part 1 report(s), in ascending priority

CSl, part

order, for transmission together with the HARQ-ACK and SR information bits where the value of

N\ reported
CSl-partl

reported - PUCCH p£[RB PUCCH
Nespa SAiSfies | Oy +O0sz + ZOCSI—parth +Ocrecsipain |SMere  Ng o Nymb-ua - Qn -1 and
n=1

reported
Nes -partl +

PUCCH RB PUCCH
OACK +OSR + ZOCSI-pan:Ln +OCRC,CS|-pan1,N+1 >M RB ' Nsc,ctrl ' Nwmb-UCI 'Qm r, where OCRC,CSI-panl,N
n=1

N reported
isanumber of CRC bits corresponding to O, +Og + zocg_pmn UCI bits, and Ogpc ey patinsa 1S@
n=1

reported
NCSrpen1+1

number of CRC bits corresponding to O, +Og + ZOCSl_panln UCI bits
n=1

Table 9.2.5.2-1: Code rate I corresponding to higher layer parameter maxCodeRate

maxCodeRate | Code rate r

0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

N[OOI |WIN|F|O

9.2.6 PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of dots, N;f,p?gH, for a PUCCH transmission by
respective higher layer parameters nrofSots.

For Noeen>1,
- the UE repeats the PUCCH transmission with the UCI over N,L‘ff?éH dots

- aPUCCH transmission in each of the N,L‘ff?éH dots has a same number of consecutive symbols, as provided by

higher layer parameter nrofSymbolsin PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbolsin
PUCCH-format4

- aPUCCH transmission in each of the N,L‘ff?éH dlots has a same first symbol, as provided by higher layer

parameter startingSymbollndex in PUCCH-format1, startingSymbollndex in PUCCH-format3, or
startingSymbollndex in PUCCH-format4

- the UE is configured by higher layer parameter inters otFrequencyHopping whether or not to perform frequency
hopping for PUCCH transmissionsin different sots

- if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots
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- the UE performs frequency hopping per slot

- the UE transmits the PUCCH starting from afirst PRB, provided by higher layer parameter startingPRB,
in slots with even number and starting from the second PRB, provided by higher layer parameter
secondHopPRB, in dots with odd number. The dot indicated to the UE for the first PUCCH transmission
has number 0 and each subsequent dot until the UE transmits the PUCCH in N;ipféH dotsis counted
regardless of whether or not the UE transmits the PUCCH in the slot

- the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within
adot

- if the UE is hot 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 sot, the frequency
hopping pattern between the first PRB and the second PRB is same within each dlot

If the UE determines that, for a PUCCH transmission in aslot, the number of symbols available for the PUCCH
transmission is smaller than the value provided by higher layer parameter nrofSymbols for the corresponding PUCCH
format, the UE does not transmit the PUCCH in the dot.

If aUE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, or is additionally provided higher layer

parameter TDD-UL-DL-ConfigDedicated, as described in Subclause 11.1, the UE determines the N;f,p?éH slotsfor a
PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having

- an UL symbol or flexible symbol provided by higher layer parameter startingSymbollndex in PUCCH-format1,
or in PUCCH-format3, or in PUCCH-format4 as afirst symbol, and

- consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of
symbols provided by higher layer parameter nrofsymbolsin PUCCH-formatl, or in PUCCH-format3, or in
PUCCH-format4

If aUE is not provided higher layer parameter TDD-UL-DL-ConfigurationCommon, the UE determinesthe N;ipféH

dotsfor a PUCCH transmission as the Né‘f,pféH consecutive slots starting from a dot indicated to the UE as described in
Subclause 9.2.3.

If aUE would transmit a PUCCH over afirst number N5»ex,>1 of slots and the UE would transmit a PUSCH over a

second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more
slots, and the conditionsin Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping
slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.

A UE does not multiplex different UCI typesin a PUCCH transmission with repetitions over Niceat>1 gots.
If aUE would transmit a first PUCCH over afirst number Nicea > 1 of slots and a second PUCCH over asecond

number of Néﬁ§ﬁ>1 dots and the transmissions of the first PUCCH and the second PUCCH would overlap in athird

number of dotsthen, for the third number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher
priority > CSl with lower priority,

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

- if thefirst PUCCH and the second PUCCH include a UCI type with same priority, the UE transmits the PUCCH
starting at an earlier ot and does not transmit the PUCCH starting at alater slot

- if thefirst PUCCH and the second PUCCH 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 includes the UCI
type with lower priority
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If aUE would transmit a PUCCH over Nites,, slots and the UE does not transmit the PUCCH in a slot from the

N;f,p?éH slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of

eat
Nooeey slots.

9.3 UCI reporting in physical uplink shared channel

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

If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information
and/or semi-persistent/periodic CSI reports and the conditions in Subclause 9.2.5 for multiplexing the UCI in the
PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI reports
in the PUSCH.

Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and
for multiplexing CSI reportsin a PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the
PUSCH transmission or by higher layers.

If DCI format 0_0, or DCI format 0_1 that does not include a beta_offset indicator field, schedules the PUSCH

transmission from the UE, the UE appliesthe ﬁ;QQQACK, ﬁgfi'; ,and ﬁgﬁ,j values that are configured by higher

layers for the corresponding HARQ-ACK information, CSI part 1 reports and CSI part 2 reports.
. . HARQ-ACK . . .
HARQ-ACK information offsets Byreq are configured to values according to Table 9.3-1. The higher layer

parameters betaOffsetACK-Index1, betaOffsetACK-Index2, and betaOffsetACK-1ndex3 respectively provide indexes

L L raa €, and 1 fraa’ < for the UE to useif 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 bitsin the PUSCH, respectively.

CSl part 1 report and CSI part 2 report offsets Offg and Offsf , respectively, are configured to values according to
Table 9.3-2. Higher layer parameters betaOffsetCS -Part1-1ndex1 and betaOffsetCSl -Part2-1ndex1 respectively provide

indexes | e o and | Greeo for the UE to useif the UE multiplexes up to 11 bits for CSI part 1 reports or CSI part 2

reports in the PUSCH. Higher layer parameters betaOffsetCSl-Part1-1ndex2 and betaOffsetCS -Part2-1ndex2
respectively provide indexes | Grue; OF | Gray, for the UE to use if the UE multiplexes more than 11 bits for CSI part 1

reports or CSl part 2 reports in the PUSCH.

If aDCI format 0_1 schedules the PUSCH transmission from the UE and if DCI format 0_1 includes a beta_offset
indicator field, as configured by higher layer parameter uci-OnPUSCH, the UE is provided by each of higher layer

parameters { betaOffsetACK-1ndex1, betaOffsetACK-Index2, betaOffsetACK-Index3} a set of four I;?;QACK indexes,

by each of higher layer parameters { betaOffsetCS -Part1-Index1, betaOffsetCS-Part1-1ndex2} a set of four Igfs'sé

indexes and by each of higher layer parameters{ betaOffsetCS -Part2-Index1, betaOffsetCS -Part2-Index2} a set of

four Iocff;f indexes from Table 9.3-1 and 9.3-2, respectively, for multiplexing HARQ-ACK information, CS| part 1

reports, and CSI part 2 reports, respectively, in the PUSCH transmission. The beta_offset indicator field indicates a

| HARQACK \alue, a | Sox valueand a | ;f’s': value from the respective sets of values, with the mapping defined in Table

9.3-3.
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Table 9.3-1: Mapping of beta_offset values for HARQ-ACK information and the index signalled by
higher layers

I;g;%ACK or I;g;%ACK or I;é;%—ACK ﬁ;gQACK
0 1.000
1 2.000
2 2.500
3 3.125
4 4.000
5 5.000
6 6.250
7 8.000
8 10.000
9 12.625
10 15.875
11 20.000
12 31.000
13 50.000
14 80.000
15 126.000
16 Reserved
17 Reserved
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-2: Mapping of beta_offset values for CSl and the index signalled by higher layers

ﬂcs"l
|Soor |5 V§oudo or 1o | 0o
offset
0 1.125
1 1.250
2 1.375
3 1.625
4 1.750
5 2.000
6 2.250
7 2.500
8 2.875
9 3.125
10 3.500
11 4.000
12 5.000
13 6.250
14 8.000
15 10.000
16 12.625
17 15.875
18 20.000
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-3: Mapping of beta_offset indicator values to offset indexes

. . HARQ-ACK HARQ-ACK HARG-ACK Csl-1 CSl-2 CsSl-1 CSl-2
beta_offset indicator|  ( Ioffset% or Ioffset% or Ioffsa,% ) (otreet0 OF lotreer0)s (Nottser1 OF ofroet.1)
'00' 1 offset index provided by higher layers
‘01’ 2" offset index provided by higher layers
'10' 3" offset index provided by higher layers
11 4" offset index provided by higher layers

10 UE procedure for receiving control information

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
except for PDCCH monitoring in Type0/0A/2-PDCCH common search spaces where the UE is not required to apply
the proceduresin 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 control resource sets on the active DL BWP on each
activated serving cell configured with PDCCH monitoring according to corresponding search space sets where
monitoring implies decoding each PDCCH candidate according to the monitored DCI formats.

For monitoring of a PDCCH candidate in aslot

- If the UE has received ssb-PositionsinBurst in SystemlnformationBlockTypel and has not received ssh-
PositionsinBurst in ServingCell ConfigCommon for a serving cell and if the UE does not monitor PDCCH
candidatesin a Type0-PDCCH common search space and at least one RE for a PDCCH candidate overlaps with
at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsinBurst in
Systeminfor mationBlockTypel, the UE is not required to monitor the PDCCH candidate.

- If aUE hasreceived ssh-PositionslnBurst in ServingCell ConfigCommon for a serving cell and if the UE does not
monitor PDCCH candidatesin a Type0-PDCCH common search space and at |east one RE for a PDCCH
candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-
PositionsinBurst in ServingCell ConfigCommon, the UE is not required to monitor the PDCCH candidate.

- If the UE monitors the PDCCH candidate for a Type0O-PDCCH common search space on the serving cell
according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted
in REs used for monitoring the PDCCH candidate on the serving cell.

- If at least one RE of aPDCCH candidate on the serving cell overlaps with at |east one RE of Ite-CRS
ToMatchAround, the UE is not required to monitor the PDCCH candidate.

If aUE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells, the UE includesin
UE-NR-Capability an indication for a maximum number of PDCCH candidates the UE can monitor per slot when the
UE is configured for carrier aggregation operation over more than 4 cells. When the UE is configured for carrier
aggregation operation over more than 4 cells, the UE does not expect to monitor per slot a number of PDCCH
candidatesthat is larger than the maximum number.

10.1 UE procedure for determining physical downlink control
channel assignment

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set
can be a common search space set or a UE-specific search space set. A UE monitors PDCCH candidates in one or more
of the following search spaces sets
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- aType0-PDCCH common search space set configured by pdcch-ConfigSIB1 in Master I nformationBlock or by
searchSpaceS B1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI
format with CRC scrambled by a SI-RNTI on the primary cell;

- aTypeOA-PDCCH common search space set configured by searchSpaceOther Systeml nformation in PDCCH-
ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;

- aTypel-PDCCH common search space set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI
format with CRC scrambled by a RA-RNTI or aTC-RNTI on the primary cell;

- aType2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-ConfigCommon for a
DCI format with CRC scrambled by a P-RNTI on the primary cell;

- aType3-PDCCH common search space set configured by SearchSpace in PDCCH-Config with
searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-
RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-
RNTI(s); and

- aUE-specific search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-
Soecific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI(S).

If aUE is not provided higher layer parameter searchSpace-SB1 for TypeO-PDCCH common search space set, the UE
determines a control resource set and PDCCH monitoring occasions for Type0-PDCCH common search space set as
described in Subclause 13. The Type0O-PDCCH common search space set is defined by the CCE aggregation levels and
the number of PDCCH candidates per CCE aggregation level givenin Table 10.1-1. The control resource set configured
for TypeO-PDCCH common search space set has control resource set index 0. The TypeO-PDCCH common search
space set has search space set index 0.

If aUE is not provided a control resource set for TypeOA-PDCCH common search space, the corresponding control
resource set is same as the control resource set for Type0-PDCCH common search space. If the UE is not provided
higher layer parameter searchSpaceOther Systemlnformation for TypeOA-PDCCH common search space set, the
TypeOA-PDCCH common search space set is same as the Type0-PDCCH common search space set. The CCE
aggregation levels and the number of PDCCH candidates per CCE aggregation level for TypeOA-PDCCH common
search space are given in Table 10.1-1.

For Typel-PDCCH common search space, a UE is provided a configuration for a search space by higher layer
parameter ra-SearchSpace. If aUE is not provided by higher layers a control resource set for Typel-PDCCH common
search space, the control resource set for Typel-PDCCH common search space is same as the control resource set for
TypeO0-PDCCH common search space..

If aUE is not provided a control resource set for Type2-PDCCH common search space, the corresponding control
resource set is same as the control resource set for Type0-PDCCH common search space. If a UE is not provided higher
layer parameter pagingSearchSpace for Type2-PDCCH common search space set, the Type2-PDCCH common search
space set is same as the Type0-PDCCH common search space set. The CCE aggregation levels and the number of
PDCCH candidates per CCE aggregation level for Type2-PDCCH common search space are given in Table 10.1-1.

The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the control resource set
configured by pdcch-ConfigSIB1 in Master InformationBlock and for corresponding PDSCH receptions, and the
corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD
properties, when applicable [6, TS 38.214]. The value for the DM-RS scrambling sequence initialization is the cell ID.
A subcarrier spacing is provided by higher layer parameter subCarrier SpacingCommon in Master | nfor mationBlock.

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 common search space if the SS/PBCH block or the CSI-RS the UE
selects for PRACH association, as described in Subclause 8.1, does not have same QCL-TypeD [6, TS 38.214] with a
DM-RS for monitoring the PDCCH, and if the PDCCH or an associated PDSCH overlapsin at |east one symbol with a
PDCCH the UE monitorsin a Typel-PDCCH common search space or with an associated PDSCH.

If a UE is configured with one or more downlink bandwidth parts (BWPs), as described in Subclause 12, the UE can be
configured with PDCCH-ConfigCommon and PDCCH-Config for each configured DL BWP on the primary cell, other
than the initial active DL BWP, as described in Subclause 12.

If aUE is provided one or more search space sets by corresponding one or more higher layer parameters
searchSpaceZero, searchSpaceS B1, searchSpaceOther Systeml nformation, pagingSearchSpace, ra-SearchJpace, and
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the UE is provided with a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, the UE monitors PDCCH candidates for DCI
format 0_0 and DCI format 1_0 with the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space
sets.

Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE
aggregation level for common search space sets configured by searchSpace-SIB1

CCE Aggregation Level Number of Candidates
4 4
8 2
16 1

For each DL BWP configured to aUE in aserving cell, a UE can be provided by higher layer signalling with P<3
control resource sets. For each control resource set, the UE is provided the following by higher layer parameter
Control ResourceSet:

- acontrol resource setindex p, 0< P<12, by higher layer parameter control ResourceSetld;

- aDM-RS scrambling sequence initialization value by higher layer parameter pdcch-DMRS-Scramblingl D;

- aprecoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same
DM-RS precoder by higher layer parameter precoder Granularity;

- anumber of consecutive symbols provided by higher layer parameter duration;
- aset of resource blocks provided by higher layer parameter frequencyDomainResour ces;
- CCE-to-REG mapping parameters provided by higher layer parameter cce-REG-MappingType;

- anantennaport quasi co-location, from a set of antenna port quasi co-locations provided by higher layer
parameter TCI-States, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception
in a respective control resource set;

- anindication for a presence or absence of atransmission configuration indication (TCI) field for DCI format 1_1
transmitted by a PDCCH in control resource set p, by higher layer parameter TCI-PresentinDCI.

When precoder Granularity = allContiguousRBs, a UE does not expect to be configured a set of resource blocks of a
control resource set that includes more than four sub-sets of resource blocks that are not contiguous in freguency.

For each control resource set in a DL BWP of aserving cell, arespective higher layer parameter
frequencyDomainResour ces provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping
groups of 6 consecutive PRBS, in ascending order of the PRB index in the DL BWP bandwidth of Ngv" PRBswith

start

starting position Ngy,», Where the first common RB of the first group of 6 PRBshasindex 6- (N;‘j{,ﬁ, / 6}. A group of 6

PRBsis allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit
value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.

If a UE has received initial configuration of more than one TCI states for PDCCH receptions by higher layer parameter
TCI-Sates but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-
RS antenna port associated with PDCCH receptionsis quasi co-located with the SS/PBCH block the UE identified
during the initial access procedure.

If the UE has received a MAC CE activation command for one of the TCl states, the UE applies the activation
command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation
command.

If a UE has received higher layer parameter TCI-States for PDCCH receptions containing asingle TCl state, the UE
assumes that the DM-RS antenna port associated with PDCCH receptionsis quasi co-located with the one or more DL
RS configured by the TCI state.

For each DL BWP configured to aUE in aserving cell, the UE is provided by higher layerswith S<10 search space
sets where, for each search space set fromthe S search space sets, the UE is provided the following by higher layer
parameter SearchSpace:
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- asearch space setindex s, 0<s<40, by higher layer parameter searchSpaceld,;

- an association between the search space set s and a control resource set p by higher layer parameter
control ResourceSetld;

- aPDCCH monitoring periodicity of k, s slotsand a PDCCH monitoring offset of 0, s slots, by higher layer
parameter monitoringS otPeriodicityAndOffset;

- aPDCCH monitoring pattern within aslot, indicating first symbol(s) of the control resource set within aslot for
PDCCH monitoring, by higher layer parameter monitoringSymbol sWithinSot;

- anumber of PDCCH candidates M :,Ls) per CCE aggregation level L by higher layer parameters

aggregationLevel1, aggregationLevel 2, aggregationLevel4, aggregationLevel 8, and aggregationLevel 16, for
CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE
aggregation level 16, respectively;

- anindication that search space set s iseither acommon search space set or a UE-specific search space set by
higher layer parameter searchSpaceType;

- if search space set s isacommon search space set

- anindication by higher layer parameter dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for
DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-RNTI, an MCS-C-RNTI (if configured), a
CS-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, or a SI-RNTI

- anindication by higher layer parameter dci-Format2-0 to monitor one or two PDCCH candidates for DCI
format 2_0 and a corresponding CCE aggregation level

- anindication by higher layer parameter dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
- anindication by higher layer parameter dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
- anindication by higher layer parameter dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3

- if search space set s isa UE-specific search space set, an indication by higher layer parameter 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

The UE can also be provided, by higher layer parameter duration, aduration of T, s <k, ¢ slotsindicating a number of
slots that the search space set s exists.

If the higher layer parameter monitoringSymbolsWithinSot indicates to a UE to monitor PDCCHin a subset of up to
three consecutive symbols that are same in every slot where the UE monitors PDCCH for al search space sets, the UE
does not expect to be configured with a PDCCH subcarrier spacing 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 control resource set that
resultsto a PDCCH candidate mapping to symbols of different dots.

A UE does not expect any two PDCCH monitoring occasions, for a same search space set or for different search space
sets, in a same control resource set to be separated by a non-zero number of symbols that is smaller than the control
resource set duration.

A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring
offset, and the PDCCH monitoring pattern within a slot. For search space set S in control resource set p, the UE
determines that a PDCCH monitoring occasion(s) existsin aslot with number nZ; [4, TS 38.211] in aframe with

frameu

number n, if (nf Ny +nf —opvs)modkpvS =0. If the UE is provided higher layer parameter duration, the UE
monitors PDCCH for search space set s in control resource set p for T, consecutive ots, starting from slot n,

sf 1

and does not monitor PDCCH for search space set s in control resource set p for the next k,—T, ; consecutive slots.
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A UE-specific search space at CCE aggregation level Le {1, 2, 4, 8,16} is defined by aset of PDCCH candidates for
CCE aggregation level L.

If aUE is configured with higher layer parameter CrossCarrier SchedulingConfig for a serving cell the carrier indicator
field value corresponds to the value indicated by CrossCarrier SchedulingConfig.

For aDL BWP of aserving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if the UE is
not configured with a carrier indicator field, the UE monitors the PDCCH candidates without carrier indicator field. For
aserving cell on which a UE monitors PDCCH candidates in a UE-specific search space, 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 a 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 DL BWP of aserving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH candidates at
least for the same serving cell.

For asearch space set s associated with control resource set p, the CCE indexes for aggregation level L
corresponding to PDCCH candidate m,, ~ of the search space set in slot n{; for aserving cell corresponding to carrier

indicator field value n., are given by

rn5vncw ) N ) H
L- {[Yp,n;; + {TL)CCEPJ +Ng ] mod\_NCCEY p/LJ} +i

p,s,max

where

for any common search space, Y, . =0;
st

for a UE-specific search space, Yp,ng, = (Ap -Ypyngfl)modD v Yo 1= Ny 20, A, =39827 for pmod3=0,
A, =39829 for pmod3=1, A =39839 for pmod3=2, and D = 65537 ;

Nece , 1S the number of CCEs, numbered from0to N, —1, in control resource set p;

N isthecarrier indicator field valueif the UE is configured with a carrier indicator field by higher layer parameter

CrossCarrier SchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any
common search space, n, =0;

m,,. =0,..M{) -1, where M{?} isthe number of PDCCH candidates the UE is configured to monitor for

P.S,Ngy P.S\Ng

aggregation level L of asearch space set S for aserving cell corresponding to ng, ;

for any common search space, M{} ., =M{? :

for a UE-specific search space, M\, isthe maximumof M  over all configured n, valuesfor a CCE

aggregation level L of search space set < in control resource set p;
the RNTI value used for ngyq, isthe C-RNTI.

A UE that is configured for operation with carrier aggregation, and indicates support of search space sharing through
higher layer parameter searchSpaceSharingCA-UL, and has a PDCCH candidate with CCE aggregation level L in

control resource set p for aDCI format O_1 having afirst size and associated with serving cell ng, ,, can receive a
corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in control resource set p for aDCI
format 0_1 having a second size and associated with serving cell ng, ; if the first size and the second size are same. A

UE that is configured for operation with carrier aggregation, and indicates support of search space sharing through
higher layer parameter searchSpaceSharingCA-DL, and has a PDCCH candidate with CCE aggregation level L in
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control resource set p for aDCI format 1_1 having afirst size and associated with serving cell ng, ,, can receive a
corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in control resource set p for aDCI
format 1_1 having a second size and associated with serving cell ng, ; if the first size and the second size are same.

A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats
with CRC scrambled by C-RNTI per serving cell. The UE counts a number of sizes for DCI formats per serving cell
based on a number of configured PDCCH candidates in respective search space sets.

A PDCCH candidate with index M o for asearch space set s; using aset of CCEsin a control resource set p for
serving cell ng, isnot counted as a monitored PDCCH candidate if there isaPDCCH candidate withindex m, . - for a

search space set § <s;, or if thereisaPDCCH candidate with index n and n, . <m, . inthe control resource

set p for serving cell N, using asame 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, ., iscounted asamonitored PDCCH candidate.

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, M J%35# , for subcarrier spacing
configuration 4 for a UE per ot for operation with asingle serving cell.

Table 10.1-2: Maximum number M %3%# of monitored PDCCH candidates per slot for subcarrier
spacing configuration (e {0,1,2,3} for a single serving cell

H Maximum number of monitored PDCCH candidates per slot and per serving cell M;,"Daéé‘,j’"“
0 44
1 36
2 22
3 20

Table 10.1-3 provides the maximum number of non-overlapped CCEs, Ci3% , for subcarrier spacing configuration
M that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with asingle serving cell.

CCEsfor PDCCH candidates are non-overlapped if they correspond to
- different control resource set indexes, or
- different first symbols for the reception of the respective PDCCH candidates.

Table 10.1-3: Maximum number CI3%# of non-overlapped CCEs per slot for subcarrier spacing
configuration ue {0,123 for a single serving cell

U Maximum number of non-overlapped CCEs per slot and per serving cell Cias™*
0 56
1 56
2 48
3 32

If aUE is capable for operation with carrier aggregation with a maximum of 4 downlink cells and the UE is configured

3
with N2# downlink cells for each corresponding subcarrier spacing configuration 4 where Z N2L# <4, and for
u=0
scheduling on a same cell, the UE is expected to be capable to monitor M [%3%# PDCCH candidates, and Clraas
non-overlapped CCEs per slot per cell with subcarrier spacing configuration 4 .

If aUE is capable for operation with carrier aggregation with more than 4 downlink cells, and the UE indicates through
pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for N5 >4 downlink cells, and the UE is
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configured with N2:* downlink cells with subcarrier spacing configuration £, and for scheduling on a same cell or

for cross-carrier scheduling over the N2 downlink cells, the UE is expected to be able to monitor atotal of

3
M a4 — n{N;ﬁg‘ - M ot {Nﬁ? M fraxslotie N DL /3 N DL J} PDCCH candidates for DCI formats with
u=0
different size and/or different corresponding DM-RS scrambling sequences per slot over the N2 cells with
3
subcarrier spacing configuration 4, and atotal of C224 = mi n{NCDe,Ll‘;‘ -c;g;*gég"f‘,{Nggﬁ; -Croae - N [ > NG J}
u=0

non-overlapped CCEs per slot over the NCL;Ll'S” downlink cells with subcarrier spacing configuration 4. The maximum

number of PDCCH candidates and the maximum number of non-overlapped CCEs per slot and per cell of the N 2-*

cells

downlink cellsare M 3% and CR5™# | respectively.

If aUE is configured with atotal of N2 downlink cells with same subcarrier spacing configuration « or if the UE
indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for N&¢. >4 downlink cells

cels =

then, for cross-carrier scheduling over the N2:# downlink cells with same subcarrier spacing configuration 4 ,

cells

including the scheduling cell, the UE is expected to monitor min(N;,ng‘, N ) M Jesot# PDCCH candidates per slot

on the scheduling cell and min(NCZ,Ll;” (NP ) Clrecdoni non-overlapped CCEs per slot on the scheduling cell.

A UE does not expect to be configured common search space sets that result to corresponding total numbers of
monitored PDCCH candidates and non-overlapped CCEs per slot that exceed the corresponding maximum numbers per
slot.

For same cell scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-
overlapped CCEs per dot on a secondary cell to be larger than the corresponding numbers that the UE is capable of
monitoring on the secondary cell per slot.

For cross-carrier scheduling, the number of monitored PDCCH candidates and the number of non-overlapped CCEs per
dlot are separately counted for each serving cell.

For al search space setswithinadot N, denoteby S aset of common search space sets with cardinality of | and

by S, aset of UE-specific search space sets with cardinality of J, . Thelocation of UE-specific search space sets s,
, 0<j<J,in S, isaccording to an ascending order of the search space set index.

Denoteby M{" ., 0<i<I, the number of configured PDCCH candidates for common search space set S(i) and by

S (i)’

M s 0<j <, the number of PDCCH candidates for UE-specific search space set S(j).

-1

les
For the common search space sets, a UE monitors M58, = >° > MY,
i=0 L

PDCCH candidates requiring atotal of
C5oeen non-overlapping CCEsin aslot.

The UE alocates monitored PDCCH candidates to UE-specific search space sets for the primary cell with subcarrier
spacing configuration 4 indot n according to the following pseudocode. A UE does not expect to monitor PDCCH in

a UE-specific search space set without monitored PDCCH candidates.

Denote by Veee (S (J)) the set of non-overlapping CCEs for search space set Si(j) and by 6’(\/CCE(SL$(j))) the

cardinality of Ve (S,s(J)) where the non-overlapping CCEs for search space set Si(]) are determined considering
the monitored PDCCH candidates for the common search space sets and the monitored PDCCH candidates for al
search space sets Si(K), 0<k<j.

uss _ max,slot, i css
Set M PDCCH — M PDCCH M PDCCH
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uss _ ~maxdotu css
Set CPDCCH - CPDCCH _CPDCCH

Set j=0

while TM®, ) <M, AND ¢Voce (S 1)) < Clfen
L

alocate "M ;U 0 monitored PDCCH candidates to UE-specific search space set S(j)
L

uss _ uss (L) .
M eocen = Mepcen _zL: Ms )

Crocen = Croeen = WVece(Siss( ))) ;
j=j+1;
end while

For a serving cell and at any time, a UE expects to have received at most 16 PDCCHs with DCI formats scheduling 16
PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs with
DCI formats scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH
symbol.

A UE configured with a bandwidth part indicator in DCI formatsO_1 or 1_1 determines, in case of an active DL BWP
or of an active UL BWP change, the DCI information applicable to the new active DL BWP or UL BWP, respectively,
as described in Subclause 12.

For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on serving cell c,, the UE
does not expect to monitor PDCCH on serving cell ¢, if the PDCCH overlapsin time with SRS transmission (including
any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell ¢, and if the UE is not
capable of simultaneous reception and transmission on serving cell ¢, and serving cell ¢, .

If aUE is provided higher layer parameters resourcebl ocks and symbol slnResourceBlock in RateMatchPattern, or if the
UE is additionally provided higher layer parameter periodicityAndPattern in RateMatchPattern, the UE can determine a
set of RBsin symbols of adot that are not available for PDSCH reception as described in [6, TS 38.214]. If aPDCCH
candidate in aslot is mapped to one or more subcarriers that overlap with subcarriers of any RB in the set of RBsin
symbols of the dot, the UE does not expect to monitor the PDCCH candidate.

10.2 PDCCH validation for DL SPS and UL grant Type 2

A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or configured UL grant
Type 2 PDCCH if

- the CRC of acorresponding DCI format is scrambled with a CS-RNTI provided by higher layer parameter cs-
RNTI, and

- the new dataindicator field for the enabled transport block is set to '0'.

Validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-1 or Table 10.2-
2.

If validation is achieved, the UE considers the information in the DCI format as avalid activation or valid release of DL

SPS or configured UL grant Type 2. If validation is not achieved, the UE considers the DCI format as having been
detected with a non-matching CRC.
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Table 10.2-1: Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation

DCI format 0_0/0_1 DCIl format 1 0 DCl format 1 1
HARQ process number setto all '0's setto all '0's setto all '0's
Redundancy version set to '00’ set to '00' For the enabled tfanlsport block:
set to '00

Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation

DCI format 0_0 DClI format 1_0
HARQ process number setto all '0's setto all '0's
Redundancy version set to '00' set to '00'
Modulation and coding scheme settoall'l's settoall '1's
Resource block assignment settoall '1's settoall'l's

A UE is expected to provide HARQ-ACK information in response to a SPS PDSCH release after N symbols from the
last symbol of a PDCCH providing the SPS PDSCH release. For UE processing capability 1 [6, TS 36.214] and for the
subcarrier spacing of the PDCCH reception, N =10 for 15 kHz, N=12 for 30 kHz, N =22 for 60 kHz, and N =25 for
120 kHz. For a UE with capability 2 [6, TS 36.214] in frequency range 1 and for the subcarrier spacing of the PDCCH
reception, N=5 for 15 kHz, N=5.5 for 30 kHz, and N =11 for 60 kHz.

11 UE-group common signalling

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells', 'serving cell’, 'serving
cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.
- When the procedures are applied for SCG, the terms 'secondary cell’, ‘'secondary cells, 'serving cell’, 'serving

cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.

11.1  Slot configuration

A slot format includes downlink symbols, uplink symbols, and flexible symbols.
The following are applicable for each serving cell.

If aUE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, the UE sets the slot format per slot
over a number of dots asindicated by higher layer parameter TDD-UL-DL-ConfigurationCommon.

The higher layer parameter TDD-UL-DL-ConfigurationCommon provides
- areference subcarrier spacing configuration ., by higher layer parameter referenceSubcarrier Spacing

- ahigher layer parameter patterni.
The higher layer parameter patternl provides

- adlot configuration period of P msec by higher layer parameter dI-UL-TransmissionPeriodicity

- anumber of slots Oy, With only downlink symbols by higher layer parameter nrofDownlinkSlots
- anumber of downlink symbols d,, by higher layer parameter nrofDownlinkSymbols
- anumber of dots Ugys With only uplink symbols by higher layer parameter nrofUplinkSots

- anumber of uplink symbols Uy, by higher layer parameter nrofUplinkSymbols
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A value P=0.625 msecisvalid only for 4« =3. A value P=125 msecisvalid only for 4 =2 or t,g =3. A
value P=2.5 msecisvaidonly for f =1, 0r t =2, 0r H =3.

A slot configuration period of P msec includes S=P- 2" dots with subcarrier spacing configuration 4, . Fromthe
S dots, afirst Oy Sotsinclude only downlink symbols and alast Ugys Slotsinclude only uplink symbols. The dsym
symbols after the first dyys Slots are downlink symbols. The Uy, symbols before the last Uyqs Slots are uplink

symbols. The remaining (S - dgy - Ugors)- Ny - G - Usy A€ flexible symbols.

sym
The first symbol every 20/P periodsisafirst symbol in an even frame.

If higher layer parameter TDD-UL-DL-ConfigurationCommon provides both higher layer parameters patternl and
pattern2, the UE sets the slot format per slot over afirst number of slots asindicated by higher layer parameter patternl
and the UE sets the slot format per slot over a second number of slots as indicated by pattern2.

The higher layer parameter pattern2 provides

- adot configuration period of P, msec by higher layer parameter di-UL-TransmissionPeriodicity

- anumber of dots Ay, with only downlink symbols by higher layer parameter nrofDownlinkSots
- anumber of downlink symbols dsymz by higher layer parameter nrofDownlinkSymbols

- anumber of dots Uyyso With only uplink symbols by higher layer parameter nrofUplinkS ots

- anumber of uplink symbols Uy, by higher layer parameter nrofUplinkSymbols

The applicable values of P, are same as the applicable valuesfor P .

A slot configuration period of P+ P, msecincludesfirst S=P-2*¢ dotsand second S, =P, - 2““* dots. Fromthe S,
slots, afirst g, slotsinclude only downlink symbolsand alast Uy, include only uplink symbols. The dg,,,

symbols after thefirst dyq, Slots are downlink symbols. The U, , symbols before the last Uy, Slots are uplink

symbols. The remaining (S, - dyges - Ugorss ) N - Oz - Ugm are flexible symbols.
A UE expectsthat P+P, divides 20 msec.
The first symbol every 20/(P+P,) periodsisafirst symbol in an even frame.

A UE expects that the reference subcarrier spacing configuration i, issmaller than or equal to a subcarrier spacing
configuration £ for any configured DL BWP or UL BWP. Each dot provided by higher layer parameter 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 afirst slot for the reference subcarrier spacing configuration £, and each downlink or flexible

or uplink symbol for the reference subcarrier spacing configuration (4 corresponds to 2W#<) consecutive downlink
or flexible or uplink symbols for the subcarrier spacing configuration £ .

If the UE is additionally provided higher layer parameter TDD-UL-DL-ConfigDedicated, the parameter TDD-UL-DL-
ConfigDedicated overrides only flexible symbols per slot over the number of dots as provided by TDD-UL-DL-
ConfigurationCommon.

The higher layer parameter TDD-UL-DL-ConfigDedicated provides
- aset of dot configurations by higher layer parameter slotSpecificConfigurationsToAddModList

- for each dot configuration from the set of slot configurations
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- adotindex for adot provided by higher layer parameter slotlndex
- aset of symbolsfor adot by higher layer parameter symbols where
- if symbols = allDownlink, all symbolsin the slot are downlink
- if symbols= allUplink, all symbolsin the dot are uplink

- if symbols = explicit and higher layer parameter nrofDownlinkSymbols provides a number of downlink first
symbolsin the slot and higher layer parameter nrofUplinkSymbols provides a number of uplink last symbols
in the dot. If nrofDownlinkSymbolsis not provided, there are no downlink first symbolsin the slot and if
nrofUplinkSymbols is not provided, there are no uplink last symbolsin the slot. The remaining symbolsin the
dot are flexible

For each dot having a corresponding index provided by higher layer parameter slotindex, the UE applies aformat
provided by the corresponding higher layer parameter symbols. The UE does not expect TDD-UL-DL-ConfigDedicated
to indicate as uplink or as downlink a symbol that TDD-UL-DL-ConfigurationCommon indicates as a downlink or as an
uplink symbol, respectively.

For each dot configuration provided by TDD-UL-DL-ConfigDedicated, areference subcarrier spacing configuration is
the reference subcarrier spacing configuration i, provided by TDD-UL-DL-ConfigurationCommon.

A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbolsin each slot of the
dlot configuration period are determined from higher layer parameters TDD-UL-DL-ConfigurationCommonTDD and
TDD-UL-DL-ConfigDedicated and are common to each configured BWP.

A UE considers symbolsin a slot indicated as downlink by higher layer parameters TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated to be available for receptions and considers symbolsin aslot
indicated as uplink by higher layer parameters TDD-UL-DL-ConfigurationCommon, or by TDD-UL-DL-
ConfigDedicated to be available for transmissions.

If aUE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a dlot that are indicated as
flexible by higher layer parameters TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated, when
provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to
the UE

- the UE receives PDSCH or CSI-RS in the set of symbols of the dot if the UE receives a corresponding
indication by aDCI format 1_0, DCI format 1_1, or DCI format 0_1

- the UE transmits PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot if the UE receivesa
corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI
format 2_3

If aUE is configured by higher layersto receive aPDCCH, or aPDSCH, or a CSI-RS in the set of symbols of the dot,
the UE receives the PDCCH, the PDSCH, or the CSI-RS if the UE does not detect a DCI format 0_0, DCI format 0_1,
DCI format 1 0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit aPUSCH, aPUCCH, a
PRACH, or aSRSin at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the
PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the dlot.

If aUE is configured by higher layersto transmit periodic SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols
of adlot and the UE detectsa DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSl-
RS or PDSCH in a subset of symbols from the set of symbols, then

- the UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a
last symbol of a control resource set where the UE detects the DCI format 1 0 or the DCI format 1 1 or the DCI
format 0_1, after anumber of symbolsthat is smaller than the PUSCH preparationtime T, for the

corresponding UE processing capability [6, TS 38.214]

proc,2
- the UE cancelsthe PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols

and cancels the periodic SRS transmission in remaining symbols from the subset of symbols

A PUSCH preparation time throughout Subclause 11.1 is as described in [6, TS38.214].
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For a set of symbols of adot that are indicated to a UE as uplink by higher layer parameters TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE, the UE does not receive PDCCH,
PDSCH, or CSI-RSin the set of symbols of the slot.

For aset of symbols of adlot that are indicated to a UE as downlink by higher layer parameters TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE, the UE does not transmit PUSCH,
PUCCH, PRACH, or SRS in the set of symbols of the dlot.

For aset of symbols of adlot that are indicated to a UE as flexible by higher layer parameters TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE, 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 a set of symbols of adot that are indicated to a UE by higher layer parameter ssb-PositionsinBurst in
SysteminformationBlockTypel or ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, for
reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if atransmission would
overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the dot.
The UE does not expect the set of symbols of the slot to be indicated as uplink by higher layer parameters TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE.

For a set of symbols of adot corresponding to avalid PRACH occasion and Ngap symbols before the valid PRACH

occasion, as described in Sublcause 8.1, the UE does not receive PDCCH for Typel-PDCCH common search space,
PDSCH, or CSI-RSin the dot if areception would overlap with any symbol from the set of symbols. The UE does not
expect the set of symbols of the slot to be indicated as downlink by higher layer parameters TDD-UL-DL-
ConfigurationCommon or TDD-UL-DL-ConfigDedicated.

For a set of symbols of adot indicated to a UE by higher layer parameters pdcch-ConfigSB1 in

Master InformationBlock for a control resource set for Type0-PDCCH common search space, the UE does not expect
the set of symbols to be indicated as uplink by higher layer parameters TDD-UL-DL-ConfigurationCommon, or TDD-
UL-DL-ConfigDedicated.

If aUE isscheduled by aDCI format 1 1 to receive PDSCH over multiple sots, and if higher layer parameters TDD-
UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to the UE, 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
dlot isan uplink symbol, the UE does not receive the PDSCH in the dot.

If aUE isscheduled by a DCI format O_1 to transmit PUSCH over multiple slots, and if higher layer parameter TDD-
UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, indicates that, for adot
from the multiple dots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in
the slot isa downlink symbol, the UE does not transmit the PUSCH in the slot.

11.1.1 UE procedure for determining slot format

This subclause applies for aserving cell that isincluded in a set of serving cells configured to a UE by higher layer
parameters slotFormatCombToAddModList and slotFormatCombToRel easel ist.

If aUE is configured by higher layers with parameter SotFormatindicator, the UE is provided with a SFI-RNTI by
higher layer parameter sfi-RNTI and with a payload size of DCI format 2_0 by higher layer parameter dci-PayloadS ze.
The UE isaso provided in one or more serving cells with a configuration for a search space set s and a corresponding

control resource set p for monitoring M ") PDCCH candidates for DCI format 2_0 with a CCE aggregation level of
Ls, CCEs as described in Subclause 10.1. The M ") PDCCH candidates are the first M ") PDCCH candidates for
CCE aggregation level Ly, for search space set s in control resource set p.
For each serving cell in the set of serving cells, the UE can be provided:

- anidentity of the serving cell by higher layer parameter servingCellld

- alocation of a SFl-index field in DCI format 2_0 by higher layer parameter positioninDCI

- aset of dot format combinations by higher layer parameter slotFormatCombinations, where each slot format
combination in the set of slot format combinations includes
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- oneor more sot formats indicated by a respective higher layer parameter 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 higher layer parameter slotFormatCombinationld

- for unpaired spectrum operation, a reference subcarrier spacing configuration i, by higher layer parameter
subcarrier Spacing and, when a supplementary UL carrier is configured for the serving cell, areference
subcarrier spacing configuration i 5, by higher layer parameter subcarrier Spacing2 for the supplementary
UL carrier

- for paired spectrum operation, areference subcarrier spacing configuration g, p for aDL BWP by higher

layer parameter subcarrierSpacing and a reference subcarrier spacing configuration i . for an UL BWP by
higher layer parameter subcarrier Spacing2

A SFl-index field valuein aDCI format 2_0 indicatesto aUE adlot format for each slot in a number of slots for each
DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of dotsis equal
to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes

max{[log,(maxSFlindex +1)],1} bits where maxSFlindex is the maximum value of the values provided by
corresponding higher layer parameters slotFormatCombinationld. A slot format isidentified by a corresponding format

index as provided in Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes
aflexible symbol.

If a PDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set < by higher layer
parameter monitoringS otPeriodicityAndOffset, is smaller than a duration of a slot format combination the UE obtains at
a PDCCH monitoring occasion for DCI format 2_0 by a corresponding SFI-index field value, and the UE detects more
than one DCI formats 2_0 indicating a slot format for a dot, the UE expects each of the more than one DCI formats2_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
subcarrier spacing than the serving cell.

ETSI



ETSI TS 138 213 V15.3.0 (2018-10)

81

3GPP TS 38.213 version 15.3.0 Release 15

Table 11.1.1-1: Slot formats for normal cyclic prefix

Symbol number in a slot

13

12

11

10

Reserved
UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-

UL-DL-ConfigDedicated and, if any, on detected DCI formats

Format

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

32

33
34

35

36
37

38
39

40

41

42

43

44
45

46

47

48

49

50
51

52

53

54

55
56 — 254

255
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by higher layer parameter

subcarrier Spacing areference subcarrier spacing configuration i, for each slot format in a combination of slot
formatsindicated by a SFl-index field value in DCI format 2_0. The UE expects that for a reference subcarrier spacing
configuration tg, and for an active DL BWP or an active UL BWP with subcarrier spacing configuration £, itis

U 2 U, . Each slot format in the combination of slot formats indicated by the SFI-index field value in DCI format 2_0

is applicableto 2“7 consecutive Slots in the active DL BWP or the active UL BWP where the first slot starts at a
same time as afirst slot for the reference subcarrier spacing configuration g, and each downlink or flexible or uplink

symbol for the reference subcarrier spacing configuration g, correspondsto 2W#s1) consecutive downlink or
flexible or uplink symbols for the subcarrier spacing configuration 4 .

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of dot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats
for areference UL BWP of the serving cell. The UE is provided by higher layer parameter subcarrier Spacing a

reference subcarrier spacing configuration fig , for the combination of slot formatsindicated by the SFI-index field
valuein DCI format 2_0 for the reference DL BWP of the serving cell. The UE is provided by higher layer parameter
subcarrier Spacing2 areference subcarrier spacing configuration tg . for the combination of slot formats indicated

by the SFl-index field value in DCI format 2_0 for the reference UL BWP of the serving cell. If tigr b 2t . and
for each 2% #=w) 11 values provided by avalue of higher layer parameter slotFormats, where the value of
slotFormatsis determined by avalue of dotFormatCombinationld 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 24se-#su)
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 fig o <ty and for each 2“» #2911 values provided by higher layer parameter
dotFormats, the first value for the combination of slot formatsis applicable to the reference DL BWP and the next
QWsuteon) sl es are applicable to the reference UL BWP.

The UE is provided with a reference subcarrier spacing configuration Msg b S0 that for an active DL BWP with
subcarrier spacing configuration L, , itis Lo 2 Hsr b, - The UE is provided with a reference subcarrier spacing

configuration L . So that for an active UL BWP with subcarrier spacing configuration 4y, itis 4y = tsr . Each

dot 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 dotFormatCombinationld that is mapped to avalue of dotFormatsin
slotFormatCombination, is applicableto 2 ¢“= ~#= =) consecutive slots for the active DL BWP where the first slot
starts at asametime as afirst dot in the reference DL BWP and each downlink or flexible symbol for the reference

subcarrier spacing configuration fsrp; correspondsto 2 ¢“» ~#= =) consecutive downlink or flexible symbols for the

subcarrier spacing configuration 4y, . Each dot format for the combination of slot formats for the reference UL BWP is
applicableto 2« ~#= u ) consecutive slots for the active UL BWP where the first dot starts at a sametime as afirst
slot in the reference UL BWP and each uplink or flexible symbol for the reference subcarrier spacing configuration

Msr . correspondsto 2+ ~#= v ) consecutive uplink or flexible symbols for the subcarrier spacing configuration
My

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFI-index field valuein DCI
format 2_0 indicates a combination of slot formats that includes a combination of slot formats for areference first UL
carrier of the serving cell and a combination of slot formats for a reference second UL carrier of the serving cell. The

UE is provided by higher layer parameter subcarrier Spacing areference subcarrier spacing configuration ig, 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 higher layer parameter subcarrier Spacing?2 a reference subcarrier spacing

configuration ug, 4, for the combination of slot formats indicated by the SFl-index field value in DCI format 2_0 for

the reference second UL carrier of the serving cell. For each 2= #s=+) 1 1 values of higher layer parameter

slotFormats, the first 2“s#=s1) ygues for the combination of slot formats are applicable to the reference first UL
carrier and the next value is applicable to the reference second UL carrier.
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The UE expects to be provided with areference subcarrier spacing configuration fig, g, S0 that for an active UL BWP

in the second UL carrier with subcarrier spacing configuration g, , itis ug, > g, o, - Each slot format for a
combination of dot formats indicated by the SFI-index field in DCI format 2_0 for the reference first UL carrier is

applicableto 2“#=) consecutive slots for the active DL BWP and the active UL BWP in the first UL carrier where the
first dot starts at a same time as afirst ot in the reference first UL carrier. Each ot format for the combination of slot

formats for the reference second UL carrier is applicable to 2Ustsi) consecutive slots for the active UL BWP in the
second UL carrier where the first dot starts at a sametime as afirst dot in the reference second UL carrier.

If aBWP in the serving cell is configured with £ - 2 and with extended CP, the UE expects g, =0, i, =1, or
HUer = 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 symbolsthat 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 symbolsis flexible. A UE determines an extended CP symbol to be a flexible symbol if
the pair of the overlapping normal CP symbolsincludes a downlink and an uplink symbol.

A reference subcarrier spacing configuration figr, , OF Ugr p, OF Hery y, OF s gy 1SEIther O, or 1, or 2 for frequency
range 1 and is either 2 or 3 for frequency range 2.

For a set of symbols of adot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating
the set of symbols of the slot as uplink and to detect aDCI format 1_0, aDCI format 1_1, or DCI format 0_1 indicating
to the UE to receive PDSCH or CSI-RS in the set of symbols of the dot.

For a set of symbols of adot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating

the set of symbolsin the slot as downlink and to detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format
1 1, DCI format 2_3, or aRAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set

of symbols of the dot.

For a set of symbols of adlot that are indicated as downlink/uplink by higher layer parameters TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, the UE does not expect to detect a
DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively,
or asflexible.

For a set of symbols of adot indicated to a UE by higher layer parameter ssb-PositionsinBurst in
SysteminformationBlockTypel or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks,
the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the
slot as uplink.

For a set of symbols of adot indicated to a UE by higher layer parameter prach-Configurationlndex in RACH-
ConfigCommon for PRACH transmissions, the UE does not expect to detect aDCI 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 adot indicated to a UE by higher layer parameters pdcch-ConfigSIBL in
Master InformationBlock for a control resource set for Type0-PDCCH common search space, 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 adlot indicated to a UE asflexible by higher layer parameters TDD-UL-DL-
ConfigurationCommon and TDD-UL-DL-ConfigDedicated, when provided to the UE, or when higher layer parameters
TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE, and if the UE
detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255

- if one or more symbols from the set of symbols are symbolsin a control resource set configured to the UE for
PDCCH monitoring, the UE receives PDCCH in the control resource set only if an SFl-index field valuein DCI
format 2_0 indicates that the one or more symbols are downlink symbols

- if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the dot as flexible and the UE
detectsa DCI format 1_0, DCI format 1_1, or DCI format O_1lindicating to the UE to receive PDSCH or CSI-RS
in the set of symbols of the slot, the UE receives PDSCH or CSI-RS in the set of symbols of the slot

- if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the dot as flexible and the UE
detectsa DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or aRAR UL
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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 ot as flexible, and the UE does
not detect aDCI format 1_0, DCI format 1 1, or DCI format O_1 indicating to the UE to receive PDSCH or CSI-
RS, or the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format
2 3,or aRAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of
symbols of the dot, the UE does not transmit or receive in the set of symbols of the slot

- if the UE is configured by higher layersto receive PDSCH or CSI-RS in the set of symbols of the dot, the UE
receives the PDSCH or the CSI-RSin the set of symbols of the slot only if an SFI-index field value in DCI
format 2_0 indicates the set of symbols of the slot as downlink

- if the UE is configured by higher layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the
dlot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the dot only if an SFI-index field value in
DCI format 2_0 indicates the set of symbols of the dot as uplink

- if the UE is configured by higher layers to transmit periodic SRS in the set of symbols of the slot, the UE
transmits the periodic SRS only in a subset of symbols from the set of symbols of the slot indicated as uplink
symbols by an SFI-index field valuein DCI format 2_0

- aUE does not expect to detect an SFl-index field valuein DCI format 2_0 indicating the set of symbols of the
dlot as downlink and also detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI
format 2_3, or aRAR UL grant indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or
more symbols from the set of symbols of the slot

- aUE does not expect to detect an SFl-index field valuein DCI format 2_0 indicating the set of symbols of the
slot asdownlink if the set of symbols of the slot includes symbols corresponding to afirst repetition of a PUSCH
transmission activated by an UL Type 2 grant PDCCH as described in Subclause 10.2

- aUE does not expect to detect an SFl-index field valuein DCI format 2_0 indicating the set of symbols of the
slot as uplink and also detect a DCI format 1_0 or DCI format 1_1 or DCI format 0_1 indicating to the UE to
receive PDSCH or CSI-RS in one or more symbols from the set of symbols of the dlot

If aUE is configured by higher layersto receive a CSI-RS or a PDSCH in a set of symbols of adot and the UE detects
aDCI format 2_0 with adot format value other than 255 that indicates a slot format with a subset of symbols from the
set of symbols as uplink or flexible, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format
1 1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at |least one symbol in
the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the dot or cancels the PDSCH
reception in the dot.

If aUE is configured by higher layers to transmit periodic SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols
of adlot 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 detectsa DCI format 1_0, DCI format

1 1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of
symboals, then

- the UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a
last symbol of a control resource set where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI
format 1_1 or the DCI format 0_1, after a number of symbolsthat is smaller than the PUSCH preparation time

Tooe2 for the corresponding PUSCH processing capability [6, TS 38.214]

- the UE cancelsthe PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols
and cancels the periodic SRS transmission in remaining symbols from the subset of symbols.

A PUSCH preparation time throughout Subclause 11.1.1 is asdescribed in [6, TS38.214].

A UE assumes that flexible symbolsin a control resource set configured to the UE for PDCCH monitoring are downlink
symbols if the UE does not detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as
flexible or uplink and the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or
DCI format 2_3 indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH in the set of symbols.

For a set of symbols of adot that are indicated as flexible by higher layer parameters TDD-UL-DL-
ConfigurationCommon, and TDD-UL-DL-ConfigDedicated, when provided to a UE, or when higher layer parameters
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TDD-UL-DL-ConfigurationCommon, and TDD-UL-DL-ConfigDedicated are not provided to the UE, and if the UE
does not detect a DCI format 2_0 providing a slot format for the slot

- the UE receives PDSCH or CSI-RSin the set of symbols of the slot if the UE receives a corresponding
indication by aDCI format 1_0, DCI format 1 1, or DCI format 0_1

- the UE transmits PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot if the UE receivesa
corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI
format 2_3

- the UE receives PDCCH as described in Subclause 10.1

- if the UE is configured by higher layersto receive PDSCH or CSI-RS in the set of symbols of the dot, the UE
does not receive the PDSCH or the CSI-RS in the set of symbols of the slot

- if the UE is configured by higher layers to transmit periodic SRS, or PUCCH, or PUSCH, or PRACH in the set
of symbols of the dot, the UE

- does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRSin
symbols from the set of symbolsin the dot, if any, starting from a symbol that is a number of symbols equal
to the PUSCH preparation time N2 for the corresponding PUSCH timing capability after alast symbol of a
control resource set where the UE is configured to monitor PDCCH for DCI format 2_0

- does not expect to cancel the transmission of the periodic SRS, or the PUCCH, or the PUSCH, or the
PRACH in symbols from the set of symbolsin the dot, if any, starting before a symbol that is a number of
symbols equal to the PUSCH preparation time N2 for the corresponding PUSCH timing capability after alast
symbol of acontrol resource set where the UE is configured to monitor PDCCH for DCI format 2_0

For unpaired spectrum operation for a UE on a cell in afrequency band of frequency range 1, if the UE detectsa DCI
format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmitin 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 SSYPBCH block or CSI-RS reception includes at |east
one symbol from the set of symbols.

11.2  Interrupted transmission indication

If aUE is provided higher layer parameter DownlinkPreemption, the UE is configured with an INT-RNTI provided by
higher layer parameter int-RNTI for monitoring PDCCH conveying DCI format 2_1 [5, TS38.212]. The UE is
additionally configured with

- aset of serving cells by higher layer parameter INT-ConfigurationPer ServingCell that includes a set of serving
cell indexes provided by corresponding higher layer parameters servingCellld and a corresponding set of
locations for fieldsin DCI format 2_1 by higher layer parameter positioninDCI

- aninformation payload size for DCI format 2_1 by higher layer parameter dci-PayloadSze
- anindication granularity for time-frequency resources by higher layer parameter timeFrequencySet

If aUE detectsa DCI format 2_1 for aserving cell from the configured set of serving cells, the UE may assume that no
transmission to the UE is present in PRBs and in symbolsthat are indicated by the DCI format 2_1, from a set of PRBs
and a set of symbols of the last monitoring period. The indication by the DCI format 2_1 is not applicable to receptions
of SS/PBCH blocks.

The set of PRBsis equal to the active DL BWP as defined in Subclause 12 and includes B,; PRBs.

If aUE detectsa DCI format 2_1 in a PDCCH transmitted in a control resource set in aslot, the set of symbolsisthe
last N;ﬁﬁb T - 2" 7™ symbols prior to the first symbol of the control resource set in the slot where T,; isthe
PDCCH monitoring periodicity provided by the value of higher layer parameter monitoringS otPeriodicityAndOffset, as

described in Subclause 10.1, N;’,ﬁ,ﬁb is the number of symbols per dot, (¢ isthe subcarrier spacing configuration for a

serving cell with mapping to arespective field in the DCI format 2_1, 4,7 isthe subcarrier spacing configuration of

the DL BWP where the UE receives the PDCCH with the DCI format 2_1. If the UE is configured with higher layer
parameters TDD-UL-DL-ConfigurationCommon, symbols indicated as uplink by TDD-UL-DL-ConfigurationCommon
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are excluded from the last N;‘,ﬁib T - 2" 7™ symbols prior to the first symbol of the control resource set in the slot.

The resulting set of symbols includes a number of symbolsthat is denoted as N,y .

The UE does not expect to be provided valuesof u , s, and T, resulting to avalue of Ngm, - Tr- 2" " thatis

not an integer. The UE does not expect to be configured by higher layer parameter monitoringSymbolsWithind ot with
more than one PDCCH monitoring occasion for DCI format 2_1 inasdot.

A UE is provided the indication granularity for the set of PRBs and for the set of symbols by higher layer parameter
timeFrequencySet.

If the value of timeFrequencySet is 0, 14 bits of afield in DCI format 2_1 have a one-to-one mapping with 14 groups of
consecutive symbols from the set of symbols where each of thefirst N ; — LNINT /14J-14 symbol groups includes

[N,yr /14| symbols, each of thelast 14— N,y +|_N,NT/14J~14 symbol groups includes |_N,NT/14J symbols, a bit

value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no
transmission to the UE in the corresponding symbol group.

If the value of timeFrequencySet is 1, 7 pairs of bits of afield in the DCI format 2_1 have a one-to-one mapping with 7
groups of consecutive symbols where each of the first N, ; — LNINT /7J- 7 symbol groups includes fNINT / ﬂ symbols,
each of thelast 7— N,y; +| N,y /7 -7 symbol groupsincludes | N, /7] symbols, afirst bit inapair of bitsfor a
symbol group is applicable to the subset of first (BINT /21 PRBs from the set of B,; PRBs, asecond bit in the pair of
bits for the symbol group is applicable to the subset of last LBI wr/ 2J PRBsfrom the set of B,; PRBs, abit valueof O

indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value of 1 indicates
no transmission to the UE in the corresponding symbol group and subset of PRBs.

11.3  Group TPC commands for PUCCH/PUSCH

For PUCCH transmission on a serving cell, a UE can be provided with
- aTPC-PUCCH-RNTI for aDCI format 2_2 by higher layer parameter tpc-PUCCH-RNTI

- afieldin DCI format 2_2 isaTPC command of 2 bits mapping to Jpyccrp 1 Values asdescribed in
Subclause 7.2.1

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for the PCell, or the SpCell for
EN-DC operation, or for acarrier of the PCell by higher layer parameter tpc-1ndexPCell

- anindex for alocationin DCI format 2_2 of afirst bit for a TPC command field for the PSCell or for acarrier
for the PSCell by higher layer parameter tpc-1ndexPUCCH-Scell

- amapping for the PUCCH power control adjustment state | € {0, l}, by a corresponding {0, 1} value of a closed

loop index field that is appended to the TPC command field in DCI format 2_2 if the UE indicates a capability to
support two PUCCH power control adjustment states by higher layer parameter twoDifferentTPC-Loop-PUCCH,
and if the UE is configured for two PUCCH power control adjustment states by higher layer parameter
twoPUCCH-PC-AdjustmentStates

The UE isalso provided on a serving cell with a configuration for a search space set s and a corresponding control
resource set p for monitoring PDCCH candidates for DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI

as described in Subclause 10.1.
For PUSCH transmission on a serving cell, a UE can be provided with
- aTPC-PUSCH-RNTI for aDCI format 2_2 by higher layer parameter tpc-PUSCH-RNTI

- afieldin DCI format 2_2 isaTPC command of 2 bits mapping to Jpyscn b, 1. Values as described in
Subclause 7.1.1

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for an uplink carrier of the
serving cell by higher layer parameter tpc-1ndex
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- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for a supplementary uplink
carrier of the serving cell by higher layer parameter tpc-1ndexSUL

- anindex of the serving cell by higher layer parameter targetCell. If higher layer parameter targetCell is not
provided, the serving cell isthe cell of the PDCCH reception for DCI format 2_2

- amapping for the PUSCH 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 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 higher layer parameter twoDifferentTPC-Loop-PUSCH, and if the UE is
configured for two PUSCH power control adjustment states by higher layer parameter twoPUSCH-PC-
AdjustmentSates

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 control resource set p for monitoring PDCCH candidates for DCI format 2_2

with CRC scrambled by a TPC-PUSCH-RNTI as described in Subclause 10.1.

11.4 SRS switching

DCI format 2_3 is applicable for serving cells where a UE is not configured for PUSCH/PUCCH transmission or for a
serving cell where higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment
state between SRS transmissions and PUSCH transmissions.

A UE configured by higher layers with parameter SRS-CarrierSwitching is provided with
- aTPC-SRS-RNTI for aDCI format 2_3 by higher layer parameter srs- TPC-RNTI

- anindex of aserving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by higher layer parameter srs-SwitchFromServCelllndex

- aDCI format 2_3 field configuration type by higher layer parameter typeA or higher layer parameter typeB

- for higher layer parameter typeA, anindex for a set of serving cellsis provided by higher layer parameter cc-
Setlndex, indexes of serving cellsin the set of serving cells are provided by higher layer parameter 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 higher layer parameter 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 - a mapping between a serving cell
index for SRS transmission and a DCI format 2_3 field is provided by higher layer parameter srs-Cell ToSFI

- anindication for aserving cell for whether or not afield in DCI format 2_3 includes a SRS request by higher
layer parameter fieldTypeFormat2-3 where a value of 0/1 indicates absence/presence of the SRS request —a
mapping for a 2 bit SRS request to SRS resource setsisas provided in [6, TS 38.214]

- anindex for alocationin DCI format 2_3 of afirst bit for afield by higher layer parameter
startingBitOfFormat2-3

12 Bandwidth part operation

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

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

- When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells, 'serving cell', 'serving
cells in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. Theterm '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 aDL bandwidth by
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parameter BWP-Downlink and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL
bandwidth by parameter BWP-Uplink.

If aUE is not provided higher layer parameter initial DownlinkBWP, an initial active DL BWP is defined by alocation
and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index
among PRBs of a control resource set for Type0-PDCCH common search space, and a subcarrier spacing and acyclic
prefix for PDCCH reception in the control resource set for Type0-PDCCH common search space; otherwise, the initial
active DL BWP is provided by higher layer parameter initialDownlinkBWP. For operation on the primary cell or on a
secondary cell, aUE is provided an initia active UL BWP by higher layer parameter initialuplinkBWP. If the UE is
configured with a supplementary UL carrier, the UE can be provided aninitial UL BWP on the supplementary UL
carrier by higher layer parameter initial UplinkBWP in supplementaryUplink.

If a UE has dedicated BWP configuration, the UE can be provided by higher layer parameter firstActiveDownlinkBWP-
Id afirst active DL BWP for receptions and by higher layer parameter firstActiveUplinkBWP-1d afirst active UL BWP
for transmissions on the primary cell.

For each DL BWP or UL BWP in aset of DL BWPs or UL BWPs, respectively, the UE is provided the following
parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:

- asubcarrier spacing by higher layer parameter subcarrier Spacing
- acyclic prefix by higher layer parameter cyclicPrefix

- afirst PRB and a number of contiguous PRBs by higher layer parameter |ocationAndBandwidth that is
interpreted as RIV according to [4, TS 38.214], setting N é'\f\?p =275, and the first PRB isa PRB offset relative to
the PRB indicated by higher layer parameters offsetToCarrier and subcarrier Spacing

- anindex inthe set of DL BWPs or UL BWPs by respective higher layer parameter bwp-I1d

- aset of BWP-common and a set of BWP-dedicated parameters by higher layer parameters bwp-Common and
bwp-Dedicated [12, TS 38.331]

For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index provided by higher layer
parameter bwp-1d islinked with an UL BWP from the set of configured UL BWPs with index provided by higher layer
parameter bwp-1d when the DL BWP index and the UL BWP index are same. For unpaired spectrum operation, a UE
does not expect to receive a configuration where the center frequency for aDL BWP is different than the center
frequency for an UL BWP when the bwp-Id of the DL BWP is same as the bwp-Id of the UL BWP.

For each DL BWP in aset of DL BWPs of the PCell or of the PUCCH-SCell on the primary cell, a UE can be
configured control resource sets for every type of common search space and for UE-specific search space as described
in Subclause 10.1. The UE does not expect to be configured without a common search space on the PCell, or on the
PSCell, of the MCG in the active DL BWP.

For each UL BWP in aset of UL BWPs, the UE is configured resource sets for PUCCH transmissions as described in
Subclause 9.2.1.

A UE receives PDCCH and PDSCH in a DL BWP according to a configured subcarrier spacing and CP length for the
DL BWP. A UE transmits PUCCH and PUSCH in an UL BWP according to a configured subcarrier spacing 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 [4, TS38.212]. 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 [4, TS38.212]. If a bandwidth part
indicator field is configured in DCI format O_1 or DCI format 1_1 and indicates an UL BWP or aDL BWP different
from the active UL BWP or DL BWP, respectively, the UE shall

- 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 isindicated by the bandwidth part indicator, respectively, the
UE prepends zeros to the information field until its size is the one required for the interpretation of the
information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1
information fields, respectively
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- if the size of the information field islarger than the one required for the DCI format 0_1 or DCI format 1_1
interpretation for the UL BWP or DL BWP that 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

- setthe active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCI format 0_1 or DCI format 1_1, respectively

A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an
active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for
aPDSCH reception or PUSCH transmission that is smaller than a dalye required by the UE for an active DL BWP
change or UL BWP change [TS 38.133].

If aUE detectsa DCI format 1_1 indicating an active DL BWP change for a cell, the UE is not reguired to receive or
transmit in the cell during atime duration from the end of the third symbol of a dot where the UE receives the PDCCH
that includes the DCI format 1_1 in a scheduling cell until the beginning of a slot indicated by the slot offset value of
the time domain resource assignment field in the DCI format 1_1.

If aUE detectsa DCI format O_1 indicating an active UL BWP change for a cell, the UE is not required to receive or
transmit in the cell during atime duration from the end of the third symbol of a slot where the UE receives the PDCCH
that includes the DCI format 0_1 in the scheduling cell until the beginning of a dot indicated by the dot offset value of
the time domain resource assignment field in the DCI format 0_1.

A UE expectsto detect a DCI format 0_1 indicating active UL BWP change, or aDCI format 1 1 indicating active DL
BWP change, only if a corresponding PDCCH is received within the first 3 symbols of adot.

For the primary cell, a UE can be provided by higher layer parameter defaultDownlinkBWP-1d adefault DL BWP
among the configured DL BWPs. If a UE is not provided a default DL BWP by higher layer parameter
defaultDownlinkBWP-Id, the default DL BWP isthe initial active DL BWP.

If aUE is configured for a secondary cell with higher layer parameter defaultDownlinkBWP-1d indicating a default DL
BWP among the configured DL BWPs and the UE is configured with higher layer parameter bwp-Inactivity Timer
indicating atimer value, the UE procedures on the secondary cell are same as on the primary cell using the timer value
for the secondary cell and the default DL BWP for the secondary cell.

If aUE is configured by higher layer parameter bwp-InactivityTimer atimer value for the primary cell [11, TS 38.321]
and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5
milliseconds for frequency range 2 if the restarting conditionsin [11, TS 38.321] are met during the interval.

If a UE is configured by higher layer parameter bwp-InactivityTimer atimer value for a secondary cell [11, TS 38.321]
and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5
milliseconds for frequency range 2 if the restarting conditionsin [11, TS 38.321] are not met during the interval.

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 [TS 38.133], the UE is not
required to receive or transmit in the cell during atime duration from the beginning of a subframe for frequency range
1, or of half of a subframe for frequency range 2, that isimmediatelly after the BWP inactivity timer expires until the
beginning of a dot where the UE can receive or transmit.

If aUE is configured by higher layer parameter firstActiveDownlinkBWP-Id afirst active DL BWP and by higher layer
parameter firstActiveUplinkBWP-1d a first active UL BWP on a secondary cell or on a supplementary UL carrier, the
UE usesthe 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 secondary cell or the supplementary UL carrier.

For paired spectrum operation, a UE does not expect to transmit a PUCCH with HARQ-ACK information on a PUCCH
resource indicated by aDCI format 1 0 or aDCI format 1_1 if the UE changesits active UL BWP on the PCell
between atime of a detection of the DCI format 1 _0 or the DCI format 1_1 and atime of a corresponding PUCCH
transmission with HARQ-ACK information.

A UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a
bandwidth that is not within the active DL BWP for the UE.
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13 UE procedure for monitoring TypeO-PDCCH common
search space

If during cell search a UE determines that a control resource set for Type0-PDCCH common search space is present, as
described in Subclause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive
symbols for the control resource set of the Type0-PDCCH common search space from the four most significant bits of
pdcch-ConfigS B1 as described in Tables 13-1 through 13-10 and determines PDCCH monitoring occasions from the
four least significant bits of pdcch-ConfigSIB1, included in Master InformationBlock, as described in Tables 13-11
through 13-15. SFN. and n_ arethe SFN and slot index within aframe of the control resource set based on subcarrier
spacing of the control resource set and SFN,, and ng,, arethe SFN and slot index based on subcarrier spacing of
the control resource set, respectively, where the SS/PBCH block with index i overlapsin time with system frame

SFN g, and dlot Nespi -

The offset in Tables 13-1 through 13-10 is defined with respect to the subcarrier spacing of the control resource set for
Type0-PDCCH common search space, provided by higher layer parameter subCarrier SpacingCommon, from the
smallest RB index of the control resource set for Type0-PDCCH common search space 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 ksse
isdefined in [4, TS 38.211].

For the SS/PBCH block and control resource set multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH
common search space over two consecutive s ots starting from slot n, . For SS/PBCH block with index i , the UE

determines an index of slot n, as n, = (O 24 4]i-M J)mod Nfam# |ocated in aframe with system frame number
(SFN) SFN( satisfying SFN-mod2=0 if \_(O 24 +|i-M J)/N;’;’“e'“J mod2=0 orinaframe with SFN satisfying
SFNcmod2=1 if [(0-2% +i-M JJ/NI™™# |mod2=1. M and O are provided by Tables 13-11 and 13-12, and

Uue {0,1,2,3} based on the subcarrier spacing for PDCCH receptions in the control resource set [4, TS 38.211]. The
index for the first symbol of the control resource set in slot n. isthe first symbol index provided by Tables 13-11 and
13-12.

For the SS/PBCH block and control resource set multiplexing patterns 2 and 3, a UE monitors PDCCH in the TypeO-
PDCCH common search space over one slot with Type0-PDCCH common search space periodicity equal to the
periodicity of SS/PBCH block. For the SS/PBCH block and control resource set multiplexing patterns 2 and 3, if the
active DL BWP istheinitial DL BWP, the UE is expected to be able to perform radio link monitoring, as described in

Subclause 5, and measurements for radio resource management [10, TS 38.133] using a SS/PBCH block that provides a
control resource set for Type0-PDCCH common search space. For a SS/PBCH block with index i , the UE determines

theslot index n_ and SFN based on parameters provided by Tables 13-13 through 13-15.
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Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz for frequency bands with
minimum channel bandwidth 5 MHz or 10 MHz

SS/PBCH block and control resource Number of Number of Symbols

e e3: set multiplexing pattern RBs NSSRESET st,gEESET RIESHRES
0 1 24 2 0
1 1 24 2 2
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
5 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
11 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved

Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz for frequency bands with
minimum channel bandwidth 5 MHz or 10 MHz

Number of
index | SS/PBCH block and control resource RBs Numbercg;ESSé/rmbols Offset (RBS)
set multiplexing pattern N CORESET NSymb
RB

0 1 24 2 5
1 1 24 2 6
2 1 24 2 7
3 1 24 2 8
4 1 24 3 5
5 1 24 3 6
6 1 24 3 7
7 1 24 3 8
8 1 48 1 18
9 1 48 1 20
10 1 48 2 18
11 1 48 2 20
12 1 48 3 18
13 1 48 3 20
14 Reserved

15 Reserved
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Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz for frequency bands with
minimum channel bandwidth 5 MHz or 10 MHz

Number of Number of Symbols
index | S0 iploxing pattern | RBs NEORESET NCORESET Offset (RBs)

0 1 48 1 2
1 1 48 1 6
2 1 48 2 2
3 1 48 2 6
4 1 48 3 2
5 1 48 3 6
6 1 96 1 28
7 1 96 2 28
8 1 96 3 28
9 Reserved

10 Reserved

11 Reserved

12 Reserved

13 Reserved

14 Reserved

15 Reserved

Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz for frequency bands with
minimum channel bandwidth 5 MHz or 10 MHz

SS/PBCH block and control resource Number of Number of Symbols
e e3: set multiplexing pattern RBs N,SSRESET st,gEESET Csel (R
0 1 24 2 0
1 1 24 2 1
2 1 24 2 2
3 1 24 2 3
4 1 24 2 4
5 1 24 3 0
6 1 24 3 1
7 1 24 3 2
8 1 24 3 3
9 1 24 3 4
10 1 48 1 12
11 1 48 1 14
12 1 48 1 16
13 1 48 2 12
14 1 48 2 14
15 1 48 2 16
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Table 13-5: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz for frequency bands with
minimum channel bandwidth 40MHz

SS/PBCH block and control Number of RBs | Number of Symbols
Index | osource set multiplexing pattern N GRESET Nemp o Offset (RBs)
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 control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz for frequency bands with
minimum channel bandwidth 40MHz

SS/PBCH block and control Number of RBs | Number of Symbols
Index | osource set multiplexing pattern N GRESET Nemp o Offset (RBs)
0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 4
4 1 48 1 0
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 control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 60} kHz

Number of
Index SS/PBCH block and control resource RBs Number of Offset (RBS)
set multiplexing pattern CORESET Symbols Ngop="
Nre o
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 keg=0
8 2 48 1 kss
-42 if kSSB>O
9 2 48 1 49
41 if keg=0
10 2 96 1 kss
-42 if kSSB>O
11 2 96 1 97
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-8: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz

Number of
Index SS/PBCH block and control resource RBs Number of Offset (RBS)
set multiplexing pattern CORESET Symbols Ngop="
Ngg i
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
-20if Kssg=0
4 3 24 2
-21if kSSB>O
5 3 24 2 24
-20if Kssg=0
6 3 48 2
-21if kSSB>O
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-9: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 60} kHz

Index SS/PBCH block and control resource Numl?:g;gg Numberc%LIESS)E/TmbO|S Offset (RBS)
set multiplexing pattern RBs Ngg Ngmp
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 control resource set for Type0-PDCCH
search space when {SS/PBCH block, PDCCH]} subcarrier spacing is {240, 120} kHz

Number of Number of
SS/PBCH block and control RBs Symbols
ndex resource set multiplexing pattern CORESET I\ CORESET Olitsei (R2E)
NRB '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 kss

-42 if Ksgg>0
5 2 24 1 25
6 ) 8 -41 if kgSBZO

4 1

-42 if Ksgg>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 common search space -
SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1

Index O L T sea;cl:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0,if i iseven}, {Ngop ", if i is odd}
2 2 1 1 0
3 2 2 1/2 {0,if i iseven}, {Ngop ", if i is odd}
4 5 1 1 0
5 5 2 1/2 {0,if i iseven}, {Ngop ", if i is odd}
6 7 1 1 0
7 7 2 1/2 {0,if i iseven}, {Ngop ", 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 Type0-PDCCH common search space -
SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 2

Number of search space sets per

Index (0] slot M First symbol index

0 0 1 1 0

1 0 2 1/2 {0,if i iseven}, {7,if i isodd}

2 2.5 1 1 0

3 2.5 2 1/2 {0,if i iseven}, {7,if i is odd}

4 5 1 1 0

5 5 2 1/2 {0,if i iseven}, {7,if i isodd}

6 0 ) 12 {0,if i iseven}, {Ngop ", if i is
odd}

. s ) 2 {0,if i iseven}, {Ngop ", if i is
odd}

8 . ) 12 {0,if i iseven}, {Ngop . if i is
odd}

9 7.5 1 1 0

10 7.5 2 1/2 {0,if i iseven}, {7,if i is odd}

1 75 ) 2 {0,if i iseven}, {Ngop ", if i 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 common search space - SS/PBCH
block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier
spacing {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s())/mlbol |25d)ex
0 SFN =SFN 0,1,6,7for
Ne = Nggg; i=4k, i=4k+1, i=4k+2, i=4k+3
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-14: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH
block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier
spacing {240, 120} kHz

Index PDCCH monitoring occasions First symbol index
(SFN and slot number) (k=0,1,..,7)
0,1,2,3,0,1ini=8k, i=8k+1, i=8k+2, i=8k+3,
0 SFN¢ =SFNgg; i =8K+6, i =8K+7 (N, =ngg;)
Mo = Nssm O Mo =Noss; —1 12,1310 i =8k+4, i =8k+5 (n, = gy, ~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 common search space - SS/PBCH
block and control resource set multiplexing pattern 3 and {SS/PBCH block, PDCCH} subcarrier
spacing {120, 120} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s())/mlbol |25d)ex
0 SFN¢ =SFNgg; 4,8,2,6in
Ne = Nggg i=4k, i=4k+1, i=4k+2, i=4k+3
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

If a UE detectsafirst SSYPBCH block and determines that a control resource set for Type0-PDCCH common search
space is not present, and for 24 < k., <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 control resource set for an associated Type0-PDCCH common search space as NS3oee 4 NIt |\ Rfeence g
the GSCN of the first SS/PBCH block and NJ'= isa 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 control
resource set for Type0-PDCCH common search space, as described in Subclause 4.1, the UE may ignore the
information related to GSCN of SS/PBCH block locations for performing cell search.

If a UE detects a SS/PBCH block and determines that a control resource set for Type0-PDCCH common search spaceis
not present, and for Kz =31 for FR1 or for kegz =15 for FR2, the UE determines that thereis no SS/PBCH block
having an associated Type0-PDCCH common search space within a GSCN range [N&geee — NJat | NSdeence NS ]
NS and NEY,, are respectively determined by the four most significant bits and the four least significant bits of

pdcch-ConfigSiB1. If the GSCN range is [Ngaae™ N33« | the UE determines that there is no information for a

second SS/PBCH block with a control resource set for an associated Type0-PDCCH common search space on the
detected SS/PBCH block.

If a UE does not detect any SS/PBCH block providing a control resource set for Type0-PDCCH common search space,
as described in Subclause 4.1, within atime period determined by the UE, the UE may ignore the information related to
GSCN of SS/PBCH locations in performing cell search.
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Table 13-16: Mapping between the combination of ke and pdcch-ConfigSIB1to N*= for FR1

Kse pdcch-ConfigSIB1 N Jhsa

24 01,..,255 12, ...,256

25 01,..,255 257,258, ..., 512

26 01,..,255 513,514, ...., 768

27 01,..,255 -1,-2, ..., -256

28 01,..,255 -257,-258, ..., -512

29 01,..,255 -513, -514, ...., -768

30 01,...,255 Reserved, Reserved, ..., Reserved

Table 13-17: Mapping between the combination of ke and pdcch-ConfigSIB1to NO*= for FR2

Kess pdcch-ConfigSi B1 Nesx

12 01,...,255 1,2, ...,256

13 01,..,255 -1,-2, ...,-256

14 01,...,255 Reserved, Reserved, ..., Reserved
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