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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 physicals layer procedures of data channels for
5G-NR.

2 References

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

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'

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

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

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

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

[6] 3GPP TS 38.213: "NR; Physical layer procedures for control”

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

(8] 3GPP TS 38.101: "NR; User Equipment (UE) radio transmission and reception”

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

[10] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”

[171] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

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

[13] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities'

[14] 3GPP TS 38.423: "NG-RAN; Xn Application Protocol (XnAP)"

[15] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”

[16] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'

[17] 3GPP TS 37.355: "L TE Positioning Protocol (LPP)"

[18] 3GPP TS 38.822: "NR; User Equipment (UE) feature list"
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3 Definitions, symbols and abbreviations

3.1 Definitions

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

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
TR 21.905[1].

BWP Bandwidth part

CBG Code block group

CLI Cross Link Interference
CP Cyclic prefix

CQl Channel quality indicator
CPU CSl processing unit

CRB Common resource block
CRC Cyclic redundancy check
CRI CSI-RS Resource | ndicator
csl Channel state information
CSI-RS Channel state information reference signal

CSI-RSRP CSl reference signal received power
CSI-RSRQ CSl reference signal received quality

CSI-SINR CSl signal-to-noise and interference ratio
Cw Codeword

DCI Downlink control information

DL Downlink

DM-RS Demodulation reference signals

DRX Discontinuous Reception

EPRE Energy per resource element

IAB-MT Integrated Access and Backhaul — Mobile Terminal
L1-RSRP Layer 1 reference signal received power
LI Layer Indicator

MCS Modulation and coding scheme
PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel

PSS Primary Synchronisation signal

PUCCH Physical uplink control channel

QCL Quasi co-location

PMI Precoding Matrix Indicator

PRB Physical resource block

PRG Precoding resource block group

PRS Positioning reference signal

PT-RS Phase-tracking reference signal

RB Resource block

RBG Resource block group

RI Rank Indicator

RIV Resource indicator value

RS Reference signal

SCl Sidelink control information

SLIV Start and length indicator value
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SR Scheduling Request
SRS Sounding reference signal
SS Synchronisation signal
SSS Secondary Synchronisation signal
SS-RSRP SS reference signal received power
SS-RSRQ SSreference signal received quality
SS-SINR SS signal-to-noise and interference ratio
TB Transport Block
TCl Transmission Configuration Indicator
TDM Time division multiplexing
UE User equipment
UL Uplink

4 Power control

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4, 5, or 6 are equally
applicable to the IAB-MT part of an |AB node.

4.1 Power allocation for downlink

The gNB determines the downlink transmit EPRE.

For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume downlink EPRE is constant
across the bandwidth. For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume
downlink EPRE is constant over SSS carried in different SS/PBCH blocks. For the purpose of SS-RSRP, SS-RSRQ and
SS-SINR measurements, the UE may assume that the ratio of SSS EPRE to PBCH DM-RS EPRE is 0 dB.

For the purpose of CSI-RSRP, CSI-RSRQ and CSI-SINR measurements, the UE may assume downlink EPRE of a port
of CSI-RS resource configuration is constant across the configured downlink bandwidth and constant across all
configured OFDM symbols.

The downlink SS/PBCH SSS EPRE can be derived from the SSYPBCH downlink transmit power given by the parameter
ss-PBCH-BlockPower provided by higher layers. The downlink SSS transmit power is defined as the linear average
over the power contributions (in [W]) of al resource elements that carry the SSS within the operating system
bandwidth.

The downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter
ss-PBCH-BlockPower and CSI-RS power offset given by the parameter power Control OffsetSS provided by higher
layersif the SS/PBCH block is associated with serving cell PCI, or derived from ss-PBCH-BlockPower-r17 in SSB-
MTC-Additional PCI-r17 and power Control OffsetSS provided by higher layers if the SSYPBCH block is associated with
additional PCI different from serving cell PCI, where the CSI-RS is QCLed with the SSYPBCH block. The downlink
reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of the resource
elements that carry the configured CSI-RS within the operating system bandwidth.

For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE (
Bomrs [AB]) isgiven by Table 4.1-1 according to the number of DM-RS CDM groups without data as described in

Clause 5.1.6.2. The DM-RS scaling factor ﬂm specified in Clause 7.4.1.1.2 of [4, TS 38.211] isgiven by

7ﬂDMRS

DMRS __ 20
PDSCH =10 .

Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE

Number of DM-RS CDM DM-RS configuration type 1 DM-RS configuration type 2
groups without data
1 0dB 0dB
2 -3dB -3dB
3 - -4.77 dB

When the UE is scheduled with one or two PT-RS ports associated with the PDSCH,
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- if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE
per layer per RE for each PT-RS port ( p,) iSgiven by Table 4.1-2 according to the epre-Ratio, the PT-RS

PPTRS

scaling factor /... specified in clause 7.4.1.2.2 of [4, TS 38.211] isgiven by S, =10 2 .

- otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE ( pprs)

The number of PDSCH layers with DM-RS associated to the PT-RS port
epre-Ratio
1 2 3 4 5 6
0 0 3 4.77 6 7 7.78
1 0 0 0 0 0 0
2 reserved
3 reserved

For link recovery, as described in clause 6 of [6, TS 38.213] the ratio of the PDCCH EPRE to NZP CSI-RS EPRE is
assumed as 0 dB.

5 Physical downlink shared channel related procedures
5.1 UE procedure for receiving the physical downlink shared
channel

For downlink, a maximum of 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a
maximum of 32 HARQ processes per cell as defined in [13, TS 38.306]. The number of processes the UE may assume
will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter
nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8
processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1 0,1 1,4 0,4 1,4 2 or 1 2 decode the
corresponding PDSCHSs as indicated by that DCI. When the UE is scheduled with multiple PDSCHs by a DCI, HARQ
process ID indicated by this DCI appliesto the first PDSCH not overlapping with a UL symbol indicated by tdd-UL-
DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, HARQ process ID is then incremented
by 1 for each subsequent PDSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPDSCH
applied if nrofHARQ-ProcessesForPDSCH is provided, or with modulo operation of 8 applied, otherwise. HARQ
process ID is not incremented for PDSCH(s) not received if at least one of the symbolsindicated by the indexed row of
the used resource allocation table in the slot overlaps with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated if provided. For any HARQ process ID(s) in agiven scheduled cell, the UE is
not expected to receive a PDSCH that overlaps in time with another PDSCH. When HARQ feedback for the HARQ
process ID is not disabled, or for the HARQ process associated with the first SPS PDSCH when HARQ-
feedbackEnablingfor SPSactive is provided and enabled, the UE is not expected to receive another PDSCH for a given
HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the
timing is given by Clause 9.2.3 of [6, TS 38.213]. For HARQ-ACK subject to HARQ-ACK deferral described in Clause
9.2.5.4 of [6 TS 38.213], the expected transmission of HARQ-ACK corresponds to the expected transmission HARQ-
ACK inafirst dot. When HARQ feedback for the HARQ process ID is disabled, the UE is not expected to receive
another PDCCH carrying a DCI scheduling a PDSCH or set of dot-aggregated PDSCH scheduled for the given HARQ
process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until
Toroc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process. Except for
the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of
coresetPoolIndex in Control ResourceSet and PDCCHSs that schedule two PDSCHSs are associated to different

Control ResourceSets having different values of coresetPoollndex, in a given scheduled cell, the UE is not expected to
receive afirst PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK
assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to
be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK

transmissions, each slot is composed of Ng,ﬂﬁ symbols[4] or anumber of symbolsindicated by

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 12 ETSI TS 138 214 V17.3.0 (2022-09)

subslotLengthForPUCCH if provided, and the HARQ-ACK for the two PDSCHSs are associated with the HARQ-ACK
codebook of the same priority. Except for the case when a UE is configured by higher layer parameter PDCCH-Config
that contains two different values of coresetPoollndex in Control ResourceSet and PDCCHs that schedule two PDSCHs
are associated to different Control ResourceSets having different values of coresetPoollndex, in a given scheduled cell,
the UE is not expected to receive afirst PDSCH, and a second PDSCH, starting later than the first PDSCH, with its
corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for
the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHSs are associated
with HARQ-ACK codebooks of different priorities. For any two HARQ process IDsin a given scheduled cell, if the UE
is scheduled to start receiving afirst PDSCH starting in symbol j by aPDCCH ending in symbol i on a scheduling cell,
the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a
PDCCH that ends later than symbol i of a scheduling cell,. When the PDCCH reception includes two PDCCH
candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], the PDCCH ending in
symbol i is determined based on the PDCCH candidate that ends later in time. In a given scheduled cell, for any
PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a
starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH
subcarrier spacing configuration x, with N=13 for £=0, N=13 for £=1, N=20 for x=2, N=24 for 1=3, N=96 for =5, and
N=192 for =6.

When receiving PDSCH scheduled with SI-RNTI, P-RNTI, G-RNTI for broadcast or MCCH-RNTI, the UE may
assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to Doppler
shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.

When receiving PDSCH scheduled with RA-RNTI, or MSGB-RNTI, the UE may assume that the DM-RS port of
PDSCH is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE used for RACH association as
applicable, and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX
parameters when applicable. When receiving a PDSCH scheduled with RA-RNTI in response to a random access
procedure triggered by a PDCCH order which triggers contention-free random access procedure for the SpCell [10, TS
38.321], the UE may assume that the DM-RS port of the received PDCCH order and the DM-RS ports of the
corresponding PDSCH scheduled with RA-RNTI are quasi co-located with the same SS/PBCH block or CSI-RS with
respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.

When receiving PDSCH in response to a PUSCH transmission scheduled by a RAR UL grant or corresponding PUSCH
retransmission, or when receiving PDSCH in response to a PUSCH for Type-2 random access procedure, or a PUSCH
scheduled by a fallbackRAR UL grant or corresponding PUSCH retransmission, the UE may assume that the DM-RS
port of PDSCH is quasi co-located with the SSYPBCH block the UE selected for RACH association and transmission
with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.

If the UE is not configured for PUSCH/PUCCH transmission for at least one serving cell configured with slot formats
comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on serving
cell ¢cpand serving cell ¢, the UE is not expected to receive PDSCH on serving cell ¢; if the PDSCH overlapsin time
with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell ¢,
not configured for PUSCH/PUCCH transmission.

The UE is not expected to decode aPDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-
C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell
without a corresponding PDCCH transmission if the PDSCHSs partially or fully overlap in time except if the PDCCH
scheduling the PDSCH ends at least 14- 2max(0.4=3) symbols before the earliest starting symbol of the PDSCH(s)
without the corresponding PDCCH transmission, where x and the symbol duration are based on the smallest
numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled
by the PDCCH. When the PDCCH reception incudes two PDCCH candidates from two respectvie search space sets, as
described in clause 10 of [6, TS 38.213], for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-
C-RNTI scheduling the PDSCH ends at least 14- 2m2x(0.#=3) symbols before the earliest starting symbol of the
PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in timeis used.

The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI, MCCH-RNTI, G-GS-
RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partialy or fully
overlap intime.

The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-
RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partialy or fully overlapping in time in non-overlapping
PRBs.

The UE:
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- isexpected to decode PDSCH scheduled with MCCH-RNTI and PBCH in Pcell that partially or fully overlapsin
time in non-overlapping PRBs in Pcell.

- isnot expected to decode PDSCH scheduled with broadcast G-RNTI and PBCH in Pcell that partialy or fully
overlapsin time in non-overlapping PRBsin Pcell.

- isnot expected to decode PDSCH scheduled with multicast G-RNTI and PBCH in Pcell that partially or fully
overlapsin time in non-overlapping PRBsin Pcell.

On afrequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-
RNTI and, during a process of P-RNTI triggered Sl acquisition, another PDSCH scheduled with SI-RNTI that partially
or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-
RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the
scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI.

On afrequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-
RNTI if in the same cell, during a process of P-RNTI triggered S| acquisition, another PDSCH scheduled with SI-RNTI
partialy or fully overlap in time.

The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of
autonomous Sl acquisition.

The maximum number of PDSCHs scheduled per slot per component carrier with C-RNTI/CS-RNTI and G-RNTI/G-
CS-RNTI/MCCH-RNTI that the UE shall be able to decode is the same as the indicated UE capability for the number of
unicast PDSCHs per slot per component carrier. If the UE is capable of receiving FDMed unicast and multicast PDSCH
per slot per carrier, the UE shall be able to decode a PDSCH scheduled with C-RNTI/CS-RNTI and a PDSCH
scheduled with G-RNTI for multicast/G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. If the
UE is capable of receiving FDMed unicast and broadcast PDSCH per slot per carrier, the UE shall be able to decode a
PDSCH scheduled with C-RNTI/CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/M CCH-RNTI that
partialy or fully overlap in time in non-overlapping PRBs.

If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI or G-CS-RNTI,
the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-
provided PDSCH configuration for those PDSCHSs.

The UE it is not expected to support reception of FDMed MCCH PDSCH and MTCH PDSCH in PCell or SCell, or
FDMed multiple MTCH PDSCHs in PCell or SCell, or FDMed MCCH/MTCH/multicast PDSCH and SIB PDSCH in
Pcell, or FDMed multicast PDSCHsin Pcell or Scell, or FDMed multicast PDSCH and MCCH/MTCH for broadcast in
Pcell or Scell, or FDMed MCCH/MTCH/multicast PDSCH and paging PDSCH, or FDMed MCCH/MTCH/multicast
PDSCH and SIB1 PDSCH that partially or fully overlap in time in non-overlapping PRBs.

If aUE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPool I ndex
in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped
PDSCHsin time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time,
only when PDCCHs that schedule two PDSCHSs are associated to different Control ResourceSets having different values
of coresetPoolIndex. For a Control Resour ceSet without coresetPool Index, the UE may assume that the
ControlResourceSet is assigned with coresetPoolIndex as 0. When the UE is configured with SSB-MTC-Additional PClI,
Control ResourceSets corresponding to different coresetPoollndex values may be associated with different physical cell
IDsviaactivated TCI states of the Control ResourceSets, where Control Resour ceSets corresponding to one
coresetPoolIndex is associated with the serving cell physical cell ID and Control Resour ceSets corresponding to another
coresetPoolIndex can be associated with another physical cell ID. When the UE is scheduled with full/partially/non-
overlapped PDSCHSs in time and frequency domain, the full scheduling information for receiving a PDSCH isindicated
and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the
same SCS. When the UE is scheduled with full/partially-overlapped PDSCHSs in time and frequency domain, the UE
can be scheduled with at most two codewords simultaneously. When PDCCHSs that schedule two PDSCHs are
associated to different Control ResourceSets having different values of coresetPooll ndex, the following operations are
allowed:

- For any two HARQ process IDsin a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH
starting in symbol j by a PDCCH associated with avalue of coresetPoollndex ending in symbol i, the UE can be
scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a
different value of coresetPoollndex that ends later than symbol i.
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- Inagiven scheduled cell, the UE can receive afirst PDSCH in dot i, with the corresponding HARQ-ACK
assigned to be transmitted in slot j, and a second PDSCH associated with a value of coresetPoolIndex different
from that of the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to
be transmitted in a dlot before dlot j.

If PDCCHs that schedule corresponding PDSCHs are associated to the same or different Control ResourceSets having
the same value of coresetPoollndex, the UE procedure for receiving the PDSCH upon detection of a PDCCH follows
Clause5.1.

A UE does not expect to be configured with repetitionScheme if the UE is configured with higher layer parameter
repetitionNumber for the same PDSCH.

When a UE is configured by higher layer parameter repetitionScheme set to one of ‘fdmSchemeA', 'fdmSchemeB',
‘tdmSchemeA', if the UE isindicated with two TCI statesin a codepoint of the DCI field 'Transmission Configuration
Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)".

- Whentwo TCI statesareindicated in a DCI and the UE is set to 'fdmSchemeA', the UE shall receive asingle
PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain
resource allocation as described in Clause 5.1.2.3.

- Whentwo TCI states are indicated in aDCI and the UE is set to 'fdmSchemeB', the UE shall receive two
PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission
occasion which has non-overl apping frequency domain resource allocation with respect to the other PDSCH
transmission occasion as described in Clause 5.1.2.3.

- Whentwo TCI statesareindicated in aDCI and the UE is set to ‘tdmSchemeA’, the UE shall receive two
PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission
occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH
transmission occasion and both PDSCH transmission occasions shall be received within a given slot as described
in Clause 5.1.2.1.

When a UE is configured by the higher layer parameter repetitionNumber in PDSCH-TimeDomainResourceAllocation,
the UE may expect to be indicated with one or two TCI statesin a codepoint of the DCI field ‘'Transmission
Configuration Indication' together with the DCI field 'Time domain resource assignment' indicating an entry which
contains repetitionNumber in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in
the DCI field 'Antenna Port(s)'.

- Whentwo TCI states are indicated in a DCI with "Transmission Configuration Indication' field, the UE may
expect to receive multiple slot level PDSCH transmission occasions of the same TB with two TCI states used
across multiple PDSCH transmission occasions in the repetitionNumber consecutive dots as defined in Clause
5121

- Whenone TCI state isindicated in a DCI with "'Transmission Configuration Indication’ field, the UE may expect
to receive multiple slot level PDSCH transmission occasions of the same TB with one TCI state used across
multiple PDSCH transmission occasions in the repetitionNumber consecutive slots as defined in Clause 5.1.2.1.

When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry which
contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, and it isindicated with two TCI statesin a
codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM groups in the
DCI field 'Antenna Port(s)' and it is not configured with higher layer parameter sinSchemePdsch, the UE may expect to
receive asingle PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause
5.1.6.2.

When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry which
contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, and it isindicated with one TCl statesin a
codepoint of the DCI field 'Transmission Configuration Indication’, the UE procedure for receiving the PDSCH upon
detection of a PDCCH follows Clause 5.1.

When a UE is configured with higher layer parameter sfnSchemePdsch set to either 'sfnSchemeA' or 'sfnSchemeB' for a
DL BWP and

- if the UE reportsits capability of [dynamicSFN], the UE isindicated with one or two TCI state(s) in a codepoint
of the DCI field "Transmission Configuration Indication' in DCI format 1 _1/1 2, or
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- otherwise, the UE is not expected to be indicated with one TCI state per any of TCI codepoint by MAC CE, and
the UE isindicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication’
inDCI format 1 1/1 2, and

the UE procedure for receiving the PDSCH upon detection of a PDCCH follows clause 5.1 and the QCL assumption for
the PDSCH as defined in clause 5.1.5.

When a UE is configured with both sfnSchemePdsch and sfnSchemePdcch, the UE shall expect that sfhnSchemePdsch
and sfnSchemePdcch are set to the same scheme, either 'sfnSchemeA' or 'sfnSchemeB'.

If aUE is configured with sfnSchemePdcch set to 'sfnSchemeA' for a DL BWP and activated with two TCI states by
MAC CE, and the UE does not report its capability of [nonSfnPdsch-sfnPdcch], the UE is expected to be configured
with sfnSchemePdsch set to 'sfnSchemeA' and indicated with two TCI states in a codepoint of the DCI field
"Transmission Configuration Indication’, if the PDSCH is scheduled by DCI format 1_1/1 2.

If aUE is configured with sfnSchemePdcch set to 'sfnSchemeB' for a DL BWP and activated with two TCI states by
MAC CE, the UE is expected to be configured with sfnSchemePdsch set to 'sfnSchemeB' and indicated with two TCI
statesin a codepoint of the DCI field "Transmission Configuration Indication', if the PDSCH is scheduled by DCI
format 1_1/1 2.

When a UE is configured with sfnSchemePdsch and/or sfnSchemePdcch, the UE shall expect that the sthSchemePdsch
and/or sfnSchemePdcch configuration are the samein al DL BWP within a CC other than initial BWP, and the UE shall
expect that the sthSchemePdsch and/or sfnSchemePdcch configuration are the samein all CCsin a same frequency band
if the UE is configured with CA.

If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in aslot, after
resolving overlapping with symbolsin the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-
DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissionsin the
slot as specified below.

— Step 0: set j=0, where | is the number of selected PDSCHY(s) for decoding. Q is the set of activated PDSCHs
without corresponding PDCCH transmissions within the slot

— Step 1: A UE receives one PDSCH with the lowest configured sps-Configlndex within Q, set j=j+1. Designate
the received PDSCH as survivor PDSCH.

— Step 2: The survivor PDSCH in step 1 and any other PDSCHY(s) overlapping (even partially) with the survivor
PDSCH in step 1 are excluded from Q.

— Step 3: Repeat step 1 and 2 until Q isempty or j isequal to the number of unicast/multicast PDSCHsin aslot
supported by the UE
5.1.1 Transmission schemes

Only one transmission scheme is defined for the PDSCH, and is used for all PDSCH transmissions.

51.1.1 Transmission scheme 1

For transmission scheme 1 of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be
performed with up to 8 transmission layers on antenna ports 1000-1011 as defined in Clause 7.3.1.4 of [4, TS 38.211],
subject to the DM-RS reception proceduresin Clause 5.1.6.2.

51.2 Resource allocation

51.2.1 Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI
provides arow index m + 1 to an allocation table. The determination of the used resource alocation table is defined in
Clause5.1.2.1.1. Theindexed row definesthe slot offset Ko, the start and length indicator SLI1V, or directly the start symbol
Sand the alocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:
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- Thedot allocated for the PDSCH is Ks, where

HUPDSCH NCA NCA
Ks {n. 2 ‘+ KO+M sot offeet,PDECH _ _"doofst PDSCH | pweoscr || if UE is configured with ca-

2/‘PDCCH 2/‘0ffse{,PDCCH 2/10ffsa‘PDSCH

DHPDSCH

SotOffset for at least one of the scheduled and scheduling cell, and Ks= {n- ‘+ Ko, otherwise, and

2/‘PDCCH

where n is the slot with the scheduling DCI, and Ko is based on the numerology of PDSCH, and ., and
are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and

lu PDCCH

- Ns(l:gt, offset, PDCCH and .uoffset, ppccH A€ the Ns(l:([)\t, offset and the/uoffse( ’ reSpeCtiverv which are determined by hlgher'

layer configured ca-SotOffset, for the cell receiving the PDCCH respectively, NSCIOAL offset, PDsCH N Uoftset, PDSCH
arethe Ngd; ogec and the sy, , respectively, which are determined by higher-layer configured ca-SotOffset for
the cell receiving the PDSCH, as defined in clause 4.5 of [4, TS 38.211].

- Thereference point & for starting symbol Sis defined as:

- if configured with referenceOfSLIVDCI-1-2, and when receiving PDSCH scheduled by DCI format 1_2 with
CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K¢=0, and PDSCH mapping Type B, the starting
symbol Sisrelative to the starting symbol & of the PDCCH monitoring occasion where DCI format 1 2 is
detected; when the PDCCH reception includes two PDCCH candidates from two respective search space
sets, as described in clause 10.1 of [6, TS 38.213], the PDCCH candidate that starts later in timeis used for
the purpose of determining the starting symbol &;

- otherwise, the starting symbol Sis relative to the start of the dot using $=0.

- The number of consecutive symbols L counting from the starting symbol Sallocated for the PDSCH are
determined from the start and length indicator SLIV:

it (L=D<7 then
IV =14-(L-1)+S
else
SV =14-(14-L+1) +(14-1-9)
where0<L<14-S, and
- the PDSCH mapping typeis set to Type A or Type B asdefined in Clause 7.4.1.1.2 of [4, TS 38.211].

The UE shall consider the Sand L combinations defined in table 5.1.2.1-1 satisfying S, +S+ L <14 for normal cyclic
prefix and §, + S+ L <12 for extended cyclic prefix as valid PDSCH alocations:

Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}
(Note 1) (Note 1)
Type B {0,...,12} {2,...,13} {2,...,14} {0,...,10} {2,4,6} {2,...,12}
Note 1: S =3 is applicable only if dmrs-TypeA-Position = 3

When configured with SCS 1 = 5 or p = 6, the UE does not expect to be scheduled with more than one unicast PDSCH
inasdot, by asingle DCI scheduling multiple PDSCHs or by multiple DCls, where multiple DCls are not associated
with CORESETSs having different coresetpool I ndex.

When receiving PDSCH scheduled by DCI format 1 1 or 1_2 in PDCCH with CRC scrambled by C-RNTI, MCS-C-
RNTI, or CS-RNTI with NDI=1, if the UE is configured with pdsch-AggregationFactor in pdsch-config, the same
symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. When receiving PDSCH scheduled
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by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by CS-RNTI with NDI=0, or PDSCH scheduled without
corresponding PDCCH transmission using sps-Config and activated by DCI format 1 1 or 1_2, the same symbol
allocation is applied across the pdsch-AggregationFactor, in sps-Config if configured, or across the pdsch-
AggregationFactor in pdsch-config otherwise, consecutive slots. The UE may expect that the TB is repeated within
each symbol allocation among each of the pdsch-AggregationFactor consecutive slots and the PDSCH is limited to a
single transmission layer. For PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by CS-
RNTI with NDI=0, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated
by DCI format 1_1 or 1_2, the UE is not expected to be configured with the time duration for the reception of pdsch-
AggregationFactor repetitions, in sps-Config if configured, or across the pdsch-AggregationFactor in pdsch-config
otherwise, larger than the time duration derived by the periodicity P obtained from the corresponding sps-Config. The
redundancy version to be applied on the n transmission occasion of the TB, wheren =0, 1, ...pdsch-
AggregationFactor -1, is determined according to table 5.1.2.1-2 and "rviq indicated by the DCI scheduling the
PDSCH" intable 5.1.2.1-2 is assumed to be 0 for PDSCH scheduled without corresponding PDCCH transmission using
sps-Config and activated by DCI format 1_1or 1 2.

When receiving PDSCH scheduled by DCI format 4 _1, or 4 2 in PDCCH with CRC scrambled by G-RNTI, if the UE
is configured with pdsch-AggregationFactor Multicast in the pdsch-Config-Multicast associated with the corresponding
G-RNTI, the same symbol allocation is applied across the pdsch-AggregationFactor Multicast consecutive slots. When
receiving PDSCH scheduled by DCI format 4 1 or 4 2 for multicast reception in PDCCH with CRC scrambled by G-
CS-RNTI, or PDSCH without corresponding PDCCH transmission using associated SPS-Config and activated by the
DCI format 4 1 or 4 2 in PDCCH with CRC scrambled by G-CS-RNTI, the same symbol alocation is applied across
the pdsch-AggregationFactor, in associated SPS-Config if configured, or 1 otherwise, consecutive dots. The
redundancy version to be applied on the nth transmission occasion of the TB, wheren =0, 1, ...pdsch-
AggregationFactorMulticast -1, is determined according to table 5.1.2.1-2 and "rvid indicated by the DCI scheduling
the PDSCH" in table 5.1.2.1-2 is assumed to be 0 for PDSCH scheduled without corresponding PDCCH transmission
using SPS-Config and activated by DCI format 4_1 or 4_2. When receiving PDSCH scheduled by DCI format 4 0in
PDCCH with CRC scrambled by G-RNTI for MTCH, if the UE is configured with pdsch-AggregationFactor in the
pdsch-ConfigPTM, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots, and
the redundancy version to be applied on the nth transmission occasion of the TB, wheren =0, 1, ...pdsch-
AggregationFactor -1, is determined according to table 5.1.2.1-2.

When receiving PDSCH scheduled by DCI in PDCCH with CRC scrambled by G-CS-RNTI for multicast reception or
G-RNTI, if the DCI field "Time domain resource assignment' indicates an entry which contains repetitionNumber in
PDSCH-TimeDomainResour ceAllocation in the PDSCH-Config-Multicast or PDSCH-Config-Broadcast, the same
SLIV isapplied for all PDSCH transmission occasions across the repetitionNumber consecutive sots. When receiving
PDSCH scheduled without corresponding PDCCH transmission using associated SPS-Config and activated by DCI in
PDCCH with CRC scrambled by G-CS-RNTI for multicast reception, if the DCI field 'Time domain resource
assignment’ of the activating DCI indicates an entry which contains repetitionNumber in PDSCH-
TimeDomainResourceAllocation in the PDSCH-Config-Multicast, the same SLIV is applied for all PDSCH
transmission occasions across the repetitionNumber consecutive dots.

If aUE is configured with higher layer parameter repetitionNumber or if the UE is configured by repetitionScheme set
to one of ' fdmSchemeA', ' fdmSchemeB' and 'tdmSchemeA', the UE does not expect to be configured with pdsch-
AggregationFactor for the same PDSCH.

If aUE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain
multiple SLI1Vsfor PDSCH, the UE does not expect to be configured with higher layer parameter repetitionNumber in
pdsch-TimeDomainAllocationListFor MultiPDSCH-r17.

If aUE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain
multiple SLIVsfor PDSCH onaDL BWP of aserving cell, the UE does not apply pdsch-AggregationFactor in
PDSCH-config, if configured, to DCI format 1_1 on the DL BWP of the serving cell.

If aUE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain
multiple SLI1Vs for PDSCH on a DL BWP of a serving cell, when any two DL DCIs end in the same symbol and at least
one of the DCls schedules multiple PDSCHSs, the UE does not expect that the scheduled PDSCH(s) by the two DCls
have overlapping spans, where the span associated with a DCI is defined from the beginning of the first scheduled
PDSCH or up to the end of the last scheduled PDSCH.
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Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present

rvia indicated by the DCI rvia to be applied to n transmission occasion
scheduling the PDSCH nmod4=0 nmod4=1 nmod4=2 nmod4=3
0 0 2 3 1
2 2 3 1 0
3 3 1 0 2
1 1 0 2 3

A PDSCH reception in adot of amulti-slot PDSCH reception is omitted according to the conditionsin clause 11.1 and
clause 17.2 of [6, TS38.213].

The UE is not expected to receive a PDSCH with mapping type A in adot, if the PDCCH scheduling the PDSCH was
received in the same slot and was not contained within the first three symbols of the slot. When the PDCCH reception
includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], if
the two PDCCH candidates scheduling the PDSCH with mapping Type A were received in the same dot asthe
PDSCH, both PDCCH candidates are expected to be contained within the first three symbols of the slot.

The UE is not expected to receive a PDSCH with mapping type B in adlat, if the first symbol of the PDCCH scheduling
the PDSCH was received in alater symbol than the first symbol indicated in the PDSCH time domain resource
alocation. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as
described in clause 10.1 of [6, TS 38.213], the UE is not expected to receive a PDSCH with mapping type B inadot, if
the first symbol of the PDCCH candidate that starts later in time scheduling the PDSCH was received in alater symbol
than the first symbol indicated in the PDSCH time domain resource allocation.

When the UE is configured with minimumSchedulingOffsetK0 in an active DL BWP it applies a minimum scheduling
offset restriction indicated by the 'Minimum applicable scheduling offset indicator' field in DCI format 1_1 or DCI
format 0_1 if the same field is available. When the UE is configured with minimumSchedulingOffsetKO in an active DL
BWP and it has not received 'Minimum applicable scheduling offset indicator’ field in DCI format 0_1 or 1_1, the UE
shall apply a minimum scheduling offset restriction indicated based on 'Minimum applicable scheduling offset indicator’
value '0". When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI

in slot n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with Ko smaller than [Ko,m-n - Zziﬂ]

where Kominand u are the applied minimum scheduling offset restriction and the numerology of the active DL BWP of
the scheduled cell when receiving the DCI in slot n, respectively, and p' is the numerology of the new active DL BWP
in case of active DL BWP change in the scheduled cell and is equal to u, otherwise. The minimum scheduling offset
restriction is not applied when PDSCH transmission is scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI in common
search space associated with CORESETO0 and default PDSCH time domain resource allocation is used, in the search
space set provided by recoverySearchSpaceld when monitoring PDCCH as described in [6, TS 38.213] or when
PDSCH transmission is scheduled with SI-RNTI, MSGB-RNTI or RA-RNTI. The application delay of the change of
the minimum scheduling offset restriction is determined in Clause 5.3.1.

The UE is not expected to be configured with referenceOfSLIVDCI-1-2 for serving cells configured for cross-carrier
scheduling with a scheduling cell of a different downlink SCS configuration.

When a UE is configured by the higher layer parameter repetitionScheme set to 'tdmSchemeA' and indicated DM-RS
port(s) within one CDM group in the DCI field 'Antenna Port(s)', the number of PDSCH transmission occasions is
derived by the number of TCI states indicated by the DCI field 'Transmission Configuration Indication' of the
scheduling DCI.

- If two TCI states are indicated by the DCI field "Transmission Configuration Indication', the UE is expected to
receive two PDSCH transmission occasions, where the first TCI state is applied to the first PDSCH transmission
occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause
5.1.2.1. The second TCI state is applied to the second PDSCH transmission occasion, and the second PDSCH
transmission occasion shall have the same number of symbols as the first PDSCH transmission occasion. If the
UE is configured by the higher layers with avalue K in StartingSymbol OffsetK, it shall determine that the first
symbol of the second PDSCH transmission occasion starts after K symbols from the last symbol of the first
PDSCH transmission occasion. If the value K is not configured via the higher layer parameter
StartingSymbol Offsetk, K = 0 shall be assumed by the UE. The UE is not expected to receive more than two
PDSCH transmission layers for each PDSCH transmission occasion. For two PDSCH transmission occasions,
the redundancy version to be applied is derived according to Table 5.1.2.1-2, wheren = 0, 1 applied respectively
to thefirst and second TCI state. The UE expects the PDSCH mapping type indicated by DCI field 'Time domain
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resource assignment' to be mapping type B, and the indicated PDSCH mapping type is applied to both PDSCH
transmission occasions.

- Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in
the time domain follows Clause 5.1.2.1.

When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry contains
repetitionNumber in PDSCH-TimeDomainResourceAllocation,

- If two TCI states are indicated by the DCI field "Transmission Configuration Indication' together with the DCI
field "'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-
TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)',
the same SLIV isapplied for all PDSCH transmission occasions across the repetitionNumber consecutive slots,
thefirst TCI stateis applied to the first PDSCH transmission occasion and resource allocation in time domain for
the first PDSCH transmission occasion follows Clause 5.1.2.1.

When the value indicated by repetitionNumber in PDSCH-TimeDomainResour ceAll ocation equals to two, the
second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by
repetitionNumber in PDSCH-TimeDomainResour ceAllocation is larger than two, the UE may be further
configured to enable cyclicMapping or sequentical Mapping in tciMapping.

- When cyclicMapping is enabled, the first and second TCI states are applied to the first and second PDSCH
transmission occasions, respectively, and the same TCl mapping pattern continues to the remaining PDSCH
transmission occasions.

- When sequenticalMapping is enabled, first TCI stateis applied to the first and second PDSCH transmission
occasions, and the second TCI state is applied to the third and fourth PDSCH transmission occasions, and the
same TCI mapping pattern continues to the remaining PDSCH transmission occasions.

The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH
transmission occasions associated with the first TCI state, the redundancy version to be applied is derived according to
Table5.1.2.1-2, where n is counted only considering PDSCH transmission occasions associated with the first TCI state.
The redundancy version for PDSCH transmission occasions associated with the second TCI state is derived according
to Table 5.1.2.1-3, where additional shifting operation for each redundancy version rvy is configured by higher layer
parameter sequenceOffsetforRV and n is counted only considering PDSCH transmission occasions associated with the
second TCI state.

Table 5.1.2.1-3: Applied redundancy version for the second TCI state when sequenceOffsetforRV is
present

rvia indicated by the DCI rvid to be applied to n' transmission occasion with second TCI state

scheduling the PDSCH

nmod4=0

nmod4=1

nmod4=2

nmod4=3

(0 + rvy) mod 4

(2 + rvg) mod 4

(3 + rvy) mod 4

(1 + rvg) mod 4

(2 + rvg) mod 4

(3+ rvy) mod 4

(1+ rvy) mod 4

(0 + rvy) mod 4

(3 + rvy) mod 4

(1 + rvg) mod 4

(0 + rvy) mod 4

(2 + rvg) mod 4

RIWIN (O

(1 + rvy) mod 4

(0 + rvy) mod 4

(2+ rvy) mod 4

(3 + rvy) mod 4

- If one TCI stateisindicated by the DCI field 'Transmission Configuration Indication' together with the DCI field
‘Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-
TimeDomainResour ceAllocation and DM-RS port(s) within one CDM group in the DCI field ‘Antenna Port(s)',
the same SLIV isapplied for all PDSCH transmission occasions across the repetitionNumber consecutive slots,
the first PDSCH transmission occasion follows Clause 5.1.2.1, the same TCI stateis applied to all PDSCH
transmission occasions. The UE may expect that each PDSCH transmission occasion is limited to two
transmission layers. For all PDSCH transmission occasions, the redundancy version to be applied is derived
according to Table 5.1.2.1-2, where n is counted considering PDSCH transmission occasions.

- Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in
the time domain follows Clause 5.1.2.1.

For [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] in pdsch-Config each PDSCH has a separate SL1V,
mapping type and Ko. The number of scheduled PDSCHSs s signalled by the number of indicated SLI1Vsin the row of
the pdsch-TimeDomainAllocationListForMultiPDSCH-r17 signalled in DCI format 1_1.
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If aUE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain
multiple SL1Vs for PDSCH on aDL BWP of aserving cell, and the UE isindicated re-transmission of PDSCH
corresponding to aDL SPS by DCI format 1_1, the UE does not expect that the number of indicated SL1Vs in the row of
the pdsch-TimeDomainAllocationListForMultiPDSCH-r17 by the DCI is more than one.

51211 Determination of the resource allocation table to be used for PDSCH

Table5.1.2.1.1-1 and Table 5.1.2.1.1-1A define which PDSCH time domain resource allocation configuration to apply.
Either a default PDSCH time domain allocation A, B or C according to tables5.1.2.1.1-2, 5.1.2.1.1-3, 5.1.2.1.1-4 and
5.1.2.1.1-5isapplied, or the higher layer configured pdsch-TimeDomainAllocationList or [pdsch-
TimeDomainAllocationListForMultiPDSCH-r17] or pdsch-TimeDomainAllocationListDCI-1-2 is applied. For operation
with shared spectrum channel accessin frequency range 1, as described in [16, TS 37.213], UE reinterprets Sand L in
row 9 of Table5.1.2.1.1-2as S=6 and L=7.

Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation for DCl formats 1 0,1 1,4 0,

4 land 4 2
RNTI PDCCH SS/ | PDSC | PDSC | PDSC | PDSC PDSCH time domain resource
search PB H- H- H- H- allocation to apply
space CH | Confi | Confi | Config | Config
blo | gCom g - includ
ck mon inclu | MCCH es
and | includ | des | /PDSC | pdsch
(6{0) es pdsc H- -
RE | pdsch h- Config | TimeD
SET - Time - omain
mul | Time | Doma | MTCH | Alloca
tipl | Doma | inAllo | includ | tionLi
exi | inAllo | catio es stFor
ng | cation | nList | pdsch | MultiP
patt List - DSCH-
ern TimeD ri7
omain
Alloca
tionLi
st
Or
pdsch
Config
Multic
ast
includ
es
pdsch
TimeD
omain
Alloca
tionLi
st
SI-RNTI TypeO 1 - - - - Default A for normal CP
common
2 - - - - Default B
3 - - - - Default C
SI-RNTI 1 No - - - Default A
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TypeOA 2 No - - - Default B
common
3 No - - - Default C
1,2, Yes - - - Pdsch-TimeDomainAllocationList
3 provided in PDSCH-ConfigCommon
RA-RNTI, Typel 1,2, No - - - Default A
MSGB- common 3
RNTI, TC-
RNTI 1,2, Yes - - - Pdsch-TimeDomainAllocationList
3 provided in PDSCH-ConfigCommon
P-RNTI Type2 1 No - - - Default A
common
2 No - - - Default B
3 No - - - Default C
1,2, Yes - - - Pdsch-TimeDomainAllocationList
3 provided in PDSCH-ConfigCommon
MCCH-RNTI Type 0/0B 1 No - No - Default A
common for 2 No - No - Default B
broadcast 3 No - No - Default C
1,2, Yes - No - pdsch-TimeDomainAllocationList provided
3 in PDSCH-ConfigCommon
1,2, No/Ye - Yes - pdsch-TimeDomainAllocationList provided
3 s in pdsch-Config-MCCH
G-RNTI for Type 0/0B 1 No - No - Default A
broadcast common for 2 No - No - Default B
broadcast 3 No - No - Default C
1,2, Yes - No - pdsch-TimeDomainAllocationList provided
3 in PDSCH-ConfigCommon
1,2, No/Ye - Yes - pdsch-TimeDomainAllocationList provided
3 S in PDSCH-Config-MTCH, if configured,
otherwise TimeDomainAllocationList
provided in PDSCH-Config-MCCH
C-RNTI, Any common | 1, 2, No - - - Default A
MCS-C- search space 3
RNTI, CS- associated 1,2, Yes - - - pdsch-TimeDomainAllocationList provided
RNTI with 3 in PDSCH-ConfigCommon
CORESET 0
C-RNTI, Any common | 1,2, No No - - Default A
MCS-C- search space 3
RNTI, CS- not 1,2, Yes No - - pdsch-TimeDomainAllocationList provided
RNTI associated 3 in PDSCH-ConfigCommon
with 1,2, | NolYe Yes - - pdsch-TimeDomainAllocationList provided
CORESET 0 3 S in PDSCH-Config
1,2, No/Ye - - Yes pdsch-
UE specific 3 s TimeDomainAllocationListForMultiPDSCH
search space -rl7 provided in PDSCH-Config (Note 2)
G-RNTI, G- Type-X 1,2, No - No - Default A
CS-RNTI common 3
(for search space | 1,2, Yes - No - pdsch-TimeDomainAllocationList provided
multicast) for multiast 3 in PDSCH-ConfigCommon (Note 1)
1,2, No/Ye - Yes - pdsch-TimeDomainAllocationList provided
3 S in pdsch-Config-Multicast
(Note 1)
Note 1:  For a UE that supports multicast, the same TDRA table applies to all G-RNTIs and G-CS-RNTIs (configured for
multicast) if configured on a given serving cell.
Note 2:  If pdsch-TimeDomainAllocationListForMultiPDSCH-r17 is provided, it is applicable to DCI format 1_1 only.
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Table 5.1.2.1.1-1A: Applicable PDSCH time domain resource allocation for DCI format 1_2

PDSCH-ConfigCommon | PDSCH-Config includes PDSCH-Config includes PDSCH time domain
includes pdsch- pdsch- pdsch- resource allocation to
TimeDomainAllocationL | TimeDomainAllocationL | TimeDomainAllocationListD apply
ist ist CI-1-2
No No No Default A
Yes No No pdsch-
TimeDomainAllocationList
provided in PDSCH-
ConfigCommon
No/Yes Yes No pdsch-
TimeDomainAllocationList
provided in PDSCH-Config
No/Yes No/Yes Yes pdsch-
TimeDomainAllocationListD
ClI-1-2 provided in PDSCH-
Config

Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type

1 2 Type A 0 2 12
3 Type A 0 3 11

2 2 Type A 0 2 10
3 Type A 0 3 9

3 2 Type A 0 2 9
3 Type A 0 3 8

4 2 Type A 0 2 7
3 Type A 0 3 6

5 2 Type A 0 2 5
3 Type A 0 3 4

6 2 Type B 0 9 4
3 Type B 0 10 4

7 2 Type B 0 4 4
3 Type B 0 6 4

8 2,3 Type B 0 5 7
9 2,3 Type B 0 5 2
10 2,3 Type B 0 9 2
11 2,3 Type B 0 12 2
12 2,3 Type A 0 1 13
13 2,3 Type A 0 1 6
14 2,3 Type A 0 2 4
15 2,3 Type B 0 4 7
16 2,3 Type B 0 8 4
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Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation A for extended CP

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type
1 2 Type A 0 2 6
3 Type A 0 3 5
2 2 Type A 0 2 10
3 Type A 0 3 9
3 2 Type A 0 2 9
3 Type A 0 3 8
4 2 Type A 0 2 7
3 Type A 0 3 6
5 2 Type A 0 2 5
3 Type A 0 3 4
6 2 Type B 0 6 4
3 Type B 0 8 2
7 2 Type B 0 4 4
3 Type B 0 6 4
8 2,3 Type B 0 5 6
9 2,3 Type B 0 5 2
10 2,3 Type B 0 9 2
11 2,3 Type B 0 10 2
12 2,3 Type A 0 1 11
13 2,3 Type A 0 1 6
14 2,3 Type A 0 2 4
15 2,3 Type B 0 4 6
16 2,3 Type B 0 8 4
Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation B
Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type
1 2,3 Type B 0 2 2
2 2,3 Type B 0 4 2
3 2,3 Type B 0 6 2
4 2,3 Type B 0 8 2
5 2,3 Type B 0 10 2
6 2,3 Type B 1 2 2
7 2,3 Type B 1 4 2
8 2,3 Type B 0 2 4
9 2,3 Type B 0 4 4
10 2,3 Type B 0 6 4
11 2,3 Type B 0 8 4
12 (Note 1) 2,3 Type B 0 10 4
13 (Note 1) 2,3 Type B 0 2 7
14 (Note 1) 2 Type A 0 2 12
3 Type A 0 3 11
15 2,3 Type B 1 2 4
16 Reserved
Note 1:  If the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space, the UE may
assume that this PDSCH resource allocation is not applied
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Table 5.1.2.1.1-5: Default PDSCH time domain resource allocation C

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type

1 (Note 1) 2,3 Type B 0 2 2
2 23 Type B 0 4 2
3 2,3 Type B 0 6 2
4 2,3 Type B 0 8 2
5 2,3 Type B 0 10 2
6 (Note 2) 23 Type B 0 11 2

7 Reserved
8 2,3 Type B 0 2 4
9 2,3 Type B 0 4 4
10 2,3 Type B 0 6 4
11 2,3 Type B 0 8 4
12 2,3 Type B 0 10 4
13 (Note 1) 2,3 Type B 0 2 7
14 (Note 1) 2 Type A 0 2 12
3 Type A 0 3 11
15 (Note 1) 2,3 Type A 0 0 6
16 (Note 1) 2,3 Type A 0 2 6

Note 1: The UE may assume that this PDSCH resource allocation is not used, if the PDSCH was scheduled
with SI-RNTI in PDCCH Type0 common search space
Note 2:  This applies for Case F and Case G candidate SS/PBCH block pattern described in clause 4 of [6,
TS 38.213]
5.1.2.2 Resource allocation in frequency domain

Two downlink resource alocation schemes, type 0 and type 1, are supported. The UE shall assume that when the
scheduling grant is received with DCI format 1_0, 4_0 or 4_1 then downlink resource allocation type 1 is used.

If the scheduling DCI is configured to indicate the downlink resource alocation type as part of the 'Frequency domain
resource assignment' field by setting a higher layer parameter resourceAllocation in PDSCH-Config to
‘dynamicSwitch', for DCI format 1_1 or setting a higher layer parameter resourceAllocationDCI-1-2 in PDSCH-Config
to 'dynamicSwitch' for DCI format 1_2 or setting a higher layer parameter resourceAllocation in PDSCH-Config-
Multicast to ‘dynamicSwitch' for DCI format 4_2, the UE shall use downlink resource allocation type O or type 1 as
defined by this DCI field. Otherwise the UE shall use the downlink frequency resource alocation type as defined by the
higher layer parameter resourceAllocation in PDSCH-Config for DCI format 1_1 or by the higher layer parameter
resourceAllocationDCI-1-2 for DCI format 1_2 or by the higher layer parameter resourceAllocation in PDSCH-Config-
Multicast for DCI format 4 2.

If a bandwidth part indicator field is not configured in the scheduling DCI or the UE does not support active BWP
change via DCI, the RB indexing for downlink type O and type 1 resource alocation is determined within the UE's
active bandwidth part. If abandwidth part indicator field is configured in the scheduling DCI and the UE supports
active BWP change via DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within
the UE's bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall upon detection of
PDCCH intended for the UE determine first the downlink bandwidth part and then the resource allocation within the
bandwidth part.

For a PDSCH scheduled with aDCI format 1_0 in any type of PDCCH common search space, regardless of which
bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the
DCI was received; otherwise RB numbering starts from the lowest RB in the determined downlink bandwidth part.
When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining the downlink RB set of a PDSCH when scheduled by DCI
format 1_0, the CORESET with lower ID among two CORESET s associated with two PDCCH candidates is used.

5.1.2.2.1 Downlink resource allocation type 0

In downlink resource alocation of type 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Sze configured by PDSCH-Config and the size of the bandwidth
part as defined in Table 5.1.2.2.1-1.
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Table 5.1.2.2.1-1: Nominal RBG size P

Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73 —-144 8 16
145 - 275 16 16

The total number of RBGs (Ngg) for adownlink bandwidth part i of size Ng‘%f;_i PRBsisgiven by Ngg; =
[(Vsizs, + (Ngier mod P)) 7P|, where

- thesizeof thefirst RBG isRBG§™“® = P — N3i#  mod P,
- thesizeof last RBG isRBG2¢ = (Nstirt + Njize ) mod P if (NSEE5 + N5Z2 Ymod P > 0 and P otherwise,
- thesizeof all other RBGsisP.

In downlink resource alocation of type 0 scheduled using a DCI with CRC scrambled by G-RNTI or G-CS-RNTI, the
resource block assignment information bitmap is cal culated based on the description above with the following changes:
the parameter N3{/5" isthe starting PRB of the CFR, N3iZ ; is the size of the common frequency resource (CFR) and
the value of the higher layer parameter rbg-Sze is configured by PDSCH-Config-Multicast.

The bitmap is of size Ngggbits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be

indexed in the order of increasing frequency and starting at the lowest frequency of the bandwidth part. The order of
RBG bitmap issuch that RBG 0to RBG N ., -1 are mapped from MSB to LSB. The RBG is alocated to the UE if

the corresponding bit value in the bitmap is 1, the RBG is not alocated to the UE otherwise.

5.1.2.2.2 Downlink resource allocation type 1

In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set
of contiguously allocated non-interleaved or interleaved virtual resource blocks within the active bandwidth part of size
N Sz PRBs except for the case when DCI format 1_0 is decoded in any common search space in which case the size

of CORESET 0 shall be used if CORESET 0 is configured for the cell and the size of initial DL bandwidth part shall be
used if CORESET 0 is not configured for the cell.

A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,,; ) and alength in terms of contiguously allocated resource blocks L gg, . The resource

indication value is defined by
if (LRBs—l)sLNg\ﬁ‘fplzj then
RIV = N5 (Lrgs —1) + RB gay
else

RV =N&ie (N&ip — Lpes + 1+ (Ngip —1- RBga )

where L g, > 1 and shall not exceed Ngpp— RB.

When the DCI size for DCI format 1_0in USSis derived from the size of DCI format 1_0 in CSS but applied to an
active BWP with size of N2, adownlink type 1 resource block assignment field consists of a resource indication

BWpP !

value (RIV) corresponding to a starting resource block RB_,, = 0,K,2-K,..., (N _1). K and alength in terms of

BWP

virtually contiguously allocated resource blocks L., = K,2-K,...,Ngw2' - K , where N W2 isgiven by

- thesize of CORESET 0 if CORESET 0 s configured for the cell;
- thesizeof initial DL bandwidth part if CORESET 0 is not configured for the cell.
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The resource indication value is defined by:
if (L'es—D) <| Njve' /2] then
RIV = Ngiie' (L "ee= 1) + RB g
else
RIV = N (NG’ = L'ea+ 1)+ (NG —1- RB)

wherelL "o = Lo /K, RB'y, = RBg,, /K and where L', shall not exceed N\ -~ RB'

RBs BWP start "
If N > Nl K is the maximum value from set {1, 2, 4, 8} which satisfies K <| Ngw® / Ny’ | ; otherwise K = 1.

When the scheduling grant is received with DCI format 1_2, a downlink type 1 resource alocation field consists of a
resource indication value (RIV) corresponding to a starting resource block group RBGg«ari=0, 1, ..., Nree-1 and alength
in terms of virtually contiguously allocated resource block groups Lress=1, ..., Nras, Where the resource block groups
are defined asin 5.1.2.2.1 with P defined by resourceAllocationTypelGranularityDCI-1-2 if the UE is configured with
higher layer parameter resourceAllocationTypelGranularityDCI-1-2, and P=1 otherwise. The resource indication value
is defined by

if (Lrgcs =1 <| Npag /2] then
RIV = Nggg (Lrges —1) + RBGg
else
RIV = Nggg (Nggs — Lreas +1) + (Nggg —1— RBGg,\t)

where Lggg, = 1 and shall not exceed Ngg; — RBGg,, -

5.1.2.2.3 Downlink resource allocation type 1 for multicast/broadcast

In downlink resource alocation of type 1 scheduled using DCI format 4_0 or DCI format 4_1 with CRC scrambled by
G-RNTI, G-CS-RNTI or MCCH-RNTI, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated non-interleaved or interleaved virtual resource blocks.

A downlink type 1 resource block assignment field in the DCI format 4 _0 or DCI format 4_1 consists of aRIV
corresponding to a starting resource block in reference to the lowest RB of the CFR
RB,,, =0,K,2-K,..., (N _1y. K and alength in terms of virtually contiguously allocated resource blocks Lres,
where N is given by

- thesizeof CORESET 0 if CORESET 0 is configured for the cell;

- thesizeof initial DL bandwidth part if CORESET 0 is not configured for the cell.

The resource indication value is defined by:
if (L'ee—D) <| Ngai /2| then

RIV = Npw (L 'gee— 1) + RB"

start

else
RIV = N (NG — Ly + )+ (NG —1- RB',,)

whereL ', = L, /K, RB',, = RB,,/K and where L', shall not exceed N;\*' — RB'

start RBs BWP start *

If Nepg > N3 K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies K < | Negg /N4 ;
otherwise K = 1.
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In downlink resource allocation of type 1 scheduled using DCI format 4_2 with CRC scrambled by G-RNTI or G-CS-
RNTI, the description in clause 5.1.2.2.2 with the following changes: RBg,,; corresponds to a starting resource block in

reference to the lowest RB of the CFR and N 5%, isthe size of the CFR.

5.1.2.3 Physical resource block (PRB) bundling

The PRB bundling procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally
apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of prb-BundlingTypeDCI-1-2
instead of prb-BundlingType as well as vrb-ToPRB-Interleaver DCI-1-2 instead of vrb-ToPRB-Interleaver. The PRB
bundling procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to
PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of prb-BundlingType given by
PDSCH-Config-Multicast as well as vrb-ToPRB-Interleaver given by PDSCH-Config-Multicast.

A UE may assumethat precoding granularity is P, ; consecutive resource blocksin the frequency domain. Pg,,; can
be equal to one of the values among {2, 4, wideband} .

If Pgwp, isdetermined as"wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE
may assume that the same precoding is applied to the allocated resource associated with a same TCl state or a same
QCL assumption.

If P4yp; is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the
bandwidth parti with P;,,; consecutive PRBs. Actua number of consecutive PRBsin each PRG could be one or more.

S ze

Thefirst PRG sizeis given by Bl — N modP;,,, and thelast PRG size given by (NSam; + Naap; ) modPayp; if

(Ng\%l E;\,\,,:,,)modPBv\,,:,I #0, and the last PRG sizeis PBWP, if (Ng\%l E;\,\,,:,,)modPBv\,,:,I =0. For PDSCH

scheduled by PDCCH with DCI scrambled using G-RNTI or G-CS-RNTI, N5/’ isthe starting PRB of the CFR and
N3ize  isthe CFR.

The UE may assume the same precoding is applied for any downlink contiguous allocation of PRBsin a PRG.

For PDSCH carrying SIB1 scheduled by PDCCH with CRC scrambled by SI-RNTI, a PRG is partitioned from the
lowest numbered resource block of CORESET 0 if the corresponding PDCCH is associated with CORESET 0 and
Type0-PDCCH common search space and is addressed to SI-RNTI; otherwise, a PRG is partitioned from common
resource block 0.

If aUE is scheduled a PDSCH with DCI format 1_0 or 4_0, the UE shall assumethat Py, ; isequal to 2 PRBs.

When receivi ng PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI,
or CSRNTI, Pg,,,; for bandwidth partis equal to 2 PRBs unless configured by the higher layer parameter prb-

BundlingType given by PDSCH-Config.
When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI,

or CS-RNTI, if the higher layer parameter prb-BundlingType is set to 'dynamicBundling’, the higher layer parameters
bundleSizeSet1 and bundleSzeSet2 configure two sets of Py, ; values, thefirst set can take one or two Py, values

among {2, 4, wideband}, and the second set can take one P, ; value among {2, 4, wideband} .

If the PRB 'bundling sizeindicator' signalled in DCI format 1_1 asdefined in Clause 7.3.1.2.2 of [5, TS 38.212]

- issetto'0, the UE shall usethe Py, ; value from the second set of Py, ; valueswhen receiving PDSCH
scheduled by the same DCI.

- issetto'l'and onevalueis configured for the first set of Py, ; values, the UE shall usethis Py, ; valuewhen
receiving PDSCH scheduled by the same DCI

- issetto'l"and two values are configured for the first set of Py, ; valuesas'n2-wideband' (corresponding to
two Py, ; Vvaues?2 and wideband) or 'n4-wideband' (corresponding to two Py, ; values4 and wideband), the
UE shall use the value when receiving PDSCH scheduled by the same DCI as follows:
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- If the scheduled PRBs are contiguous and the size of the scheduled PRBs s larger than Ng‘\ﬁ;i 12, Py is
the same as the scheduled bandwidth, otherwise Py, ; is et to the remaining configured value of 2 or 4,
respectively.
When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI,
or CS-RNTI, if the higher layer parameter prb-BundlingTypeis set to 'staticBundling', the P, ; valueis configured
with the single value indicated by the higher layer parameter bundleSze.

When a UE is configured with nominal RBG size P = 2 for bandwidth part i according to Clause 5.1.2.2.1, or when a
UE is configured with interleaving unit of 2 for VRB to PRB mapping provided by the higher layer parameter vrb-
ToPRB-Interleaver given by PDSCH-Config for bandwidth part i, the UE is not expected to be configured with Py, ; =

4.

For a UE configured by the higher layer parameter repetitionScheme set to 'fdmSchemeA' or ‘fdmSchemeB’, and when
the UE isindicated with two TCI statesin a codepoint of the DCI field "Transmission Configuration Indication' and
DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)’,

- If Piup; isdetermined as"wideband”, the first [n”%] PRBs are assigned to thefirst TCI state and the remaining
l""zﬂj PRBs are assigned to the second TCI state, where npp isthe total number of allocated PRBs for the UE.

- If Piyp; isdetermined as one of the values among {2, 4}, even PRGs within the allocated frequency domain

resources are assigned to the first TCI state and odd PRGs within the allocated frequency domain resources are
assigned to the second TCI state, wherein the PRGs are numbered continuously in increasing order with the first
PRG index equal to 0.

- TheUE isnot expected to receive more than two PDSCH transmission layers for each PDSCH transmission
occasion.

For a UE configured by the higher layer parameter repetitionScheme set to 'fdmSchemeB', and when the UE isindicated
with two TCI statesin a codepoint of the DCI field "Transmission Configuration Indication' and DM-RS port(s) within
one CDM group in the DCI field 'Antenna Port(s)’, each PDSCH transmission occasion shall follow the Clause 7.3.1 of
[4, TS 38.211] with the mapping to resource elements determined by the assigned PRBs for corresponding TCI state of
the PDSCH transmission occasion, and the UE shall only expect at most two code blocks per PDSCH transmission
occasion when a single transmission layer is scheduled and a single code block per PDSCH transmission occasion when
two transmission layers are scheduled. For two PDSCH transmission occasions, the redundancy version to be applied is
derived according to Table 5.1.2.1-2, wheren = 0, 1 are applied to the first and second TCI state, respectively.

5.1.3 Modulation order, target code rate, redundancy version and
transport block size determination
To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared
channel, the UE shall first
- read the 5-bit modulation and coding scheme field (Imcs) in the DCI to determine the modulation order (Qm) and
target code rate (R) based on the procedure defined in Clause 5.1.3.1, and
- read 'redundancy version' field (rv) in the DCI to determine the redundancy version.

and second

- the UE shall use the number of layers (v), the total number of allocated PRBs before rate matching (nprs) to
determine to the transport block size based on the procedure defined in Clause 5.1.3.2.

The UE may skip decoding atransport block in an initial transmission if the effective channel code rate is higher than
0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH.

When the UE is scheduled with multiple PDSCHs by a DCI, as described in clause 5.1.2.1, the bits of rv field and NDI
field, respectively, in the DCI are one-to-one mapped to the scheduled PDSCHY(s) indicated by the TDRA information
field with the corresponding transport block(s) in the scheduled order, where the LSB bits of the rv field and NDI field,
respectively, correspond to the last scheduled PDSCH indicated by the TDRA information field.
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The UE is not expected to handle any transport blocks (TBs) in a 14 consecutive-symbol duration for normal CP (or 12
for extended CP) ending at the last symbol of the latest PDSCH transmission within an active BWP on a serving cell
whenever

max(0,u—p") G X 1
2 , Z L_ xi.Fi > Z R 'TBSLBRM
i LBRM

ies
where, for the serving cell,

- Sisthe set of TBsbelonging to PDSCHY(s) that are partially or fully contained in the consecutive-symbol
duration

- fortheithTB
- G isthe number of scheduled code blocks for as defined in [5, 38.212].
- Ljisthe number of OFDM symbols assigned to the PDSCH

- X isthe number of OFDM symbols of the PDSCH contained in the consecutive-symbol duration

- F= max 1(min(kéi + E/,N,,)) based on the val ues defined in Clause 5.4.2.1 [5, TS 38.212]
jhax ,

- kg_i isthe starting location of RV for the jth transmission

- Eij = min(E, ) of the scheduled code blocks for the jth transmission
- N, isthecircular buffer length
- J—1listhecurrent (re)transmission for theith TB

- ' corresponds to the subcarrier spacing of the BWP (across all configured BWPs of a carrier) that has the
largest configured number of PRBs

- incasethere is more than one BWP corresponding to the largest configured number of PRBs, ' follows
the BWP with the largest subcarrier spacing.

- u correspondsto the subcarrier spacing of the active BWP

- Rusrm = 2/3 asdefined in Clause 5.4.2.1 [5, TS 38.212]

- TBSi.erm as defined based on the parameters for unicast in Clause 5.4.2.1 [5, TS 38.212]
- X asdefined for downlink max MIMO layer for unicast in Clause 5.4.2.1 [5, TS 38.212].

If the UE skips decoding, the physical layer indicates to higher layer that the transport block is not successfully
decoded.

Within acell group, a UE is not required to handle PDSCH(s) transmissionsin slot 5 in serving cell-j, and for j = 0,1,2..
J-1, dot 5 overlapping with any given point in time, if the following condition is not satisfied at that point in time:
It G
Zm:O Vj,m

210))
j=0 slot

< DataRate

where,
- Jisthe number of configured serving cells belonging to afrequency range
- for thej-th serving cell,

- Misthe number of TB(s) transmitted in slot 5. If there are two PDSCH transmission occasions of the same
TB (in time domain or in frequency domain) in the slot 5, each transmission occasion is counted separately.

- Tao® =10%240, where 4(j) is the numerology for PDSCH(s) in dot § of the j-th serving cell.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 30 ETSI TS 138 214 V17.3.0 (2022-09)

- forthemthTB,V;,, = C’- EJ
- Aisthe number of bitsin the transport block as defined in Clause 7.2.1 [5, TS 38.212]

- Cisthetota number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].

- (' isthe number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1[5, TS
38.212]

- DataRate [Mbpsg] is computed as the maximum data rate summed over all the carriersin the frequency range
for any signaled band combination and feature set consistent with the configured servings cells, where the data
rate value is given by the formulain Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).

For aj-th serving cell, if higher layer parameter processingType2Enabled of PDSCH-ServingCellConfig is configured
for the serving cell and set to 'enable, or if at least one lucs > W for aPDSCH, where W = 28 for MCS tables 5.1.3.1-1
and 5.1.3.1-3, and W= 27 for MCStable 5.1.3.1-2, and W = 26 for MCS table 5.1.3.1-4, the UE is not required to
handle PDSCH transmissions, if the following condition is not satisfied:

M-17/.
m=0"jm

= DataRateCC
LxT;

where

- L isthe number of symbols assigned to the PDSCH. For a PDSCH that consists of two PDSCH transmission
occasions in time domain in one slot, L isthe number of symbols of one transmission occasion.

- M isthe number of TB(s) in the PDSCH

-3
- TH= % where y is the numerology of the PDSCH
2 'Nsymb

- forthemthTB, Vj,, = C" EJ

- Aisthe number of bitsin the transport block as defined in Clause 7.2.1 [5, TS 38.212]
- Cisthetotal number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
C' isthe number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1[5, TS 38.212]

- DataRateCC [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving
cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value
isgiven by the formulain Clause 4.1.2 in[13, TS 38.306], including the scaling factor f(i).

5.1.3.1 Modulation order and target code rate determination

For the PDSCH scheduled by a PDCCH with DCI format 1_0, format 1_1, format 1 2, format 4_0, format 4 1 or
format 4_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, MSGB-RNTI,
G-RNTI, G-CS-RNTI, MCCH-RNTI or P-RNTI, or for the PDSCH scheduled without corresponding PDCCH
transmissions using the higher-layer-provided PDSCH configuration SPS-Config or SPS-Config-Multicast,

if the higher layer parameter mes-Table-r17 given by PDSCH-Config is set to 'gam1024', and the PDSCH is scheduled
by aPDCCH with DCI format 1_1 with CRC scrambled by C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif mcs-TableDCI-1-2-r17 given by PDSCH-Config is set to 'gam1024', and the PDSCH is scheduled by a PDCCH
with DCI format 1_2 with CRC scrambled by C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the higher layer parameter mcs-TableDCI-1-2 given by PDSCH-Config is set to ‘gam256', and the PDSCH is
scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by C-RNTI
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- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-TableDCI-1-2 given by PDSCH-
Configis set to 'gam64LowSE', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the higher layer parameter mes-Table given by PDSCH-Config is set to 'gam256', and the PDSCH is scheduled by
aPDCCH with DCI format 1_1 with CRC scrambled by C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elsaif the higher layer parameter mcs-Table given by PDSCH-Config-Multicast is set to 'qgam256', and the PDSCH is
scheduled by a PDCCH with DCI format 4 _1 or 4 2 with CRC scrambled by G-RNTI

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the higher layer parameter mcs-Table given by PDSCH-Config-MCCH and PDSCH-Config-MTCH is set to
'‘gam256', and the PDSCH is scheduled by a PDCCH with DCI format 4_0 with CRC scrambled by MCCH-RNTI or G-
RNTI for MTCH

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the higher layer parameter mes-Table given by PDSCH-Config-Multicast is set to 'gam64LowSE', and the
PDSCH is scheduled by a PDCCH with DCI format 4_1 or 4_2 with CRC scrambled by G-RNTI

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table given by PDSCH-Config is
set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with a DCI format other than DCI format 1 2 ina
UE-specific search space with CRC scrambled by C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the UE is configured with MCS-C-RNTI, and the PDSCH is scheduled by a PDCCH with CRC scrambled by
MCS-C-RNTI

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the UE is not configured with the higher layer parameter mes-Table given by SPS-config, and the higher layer
parameter mcs-Table-r17 given by PDSCH-Config is set to 'gam1024',

- if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or

- if the PDSCH with SPS activated by DCI format 1_1 is scheduled without corresponding PDCCH transmission
using SPS-Config,

- the UE shall use Imcs and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-config, and the higher layer
parameter mcs-TableDCI-1-2-r17 given by PDSCH-Config is set to ‘gam1024,

- if the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI or

- if the PDSCH with SPS activated by DCI format 1_2 is scheduled without corresponding PDCCH transmission
using SPS-Config,
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- the UE shall use Imcs and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-config, and the higher layer
parameter mcs-TableDCI-1-2 given by PDSCH-Config is set to 'gam256',

- if the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI or

- if the PDSCH with SPS activated by DCI format 1_2 is scheduled without corresponding PDCCH transmission
using SPS-Config,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

elseif the UE is not configured with the higher layer parameter mes-Table given by SPS-Config, and the higher layer
parameter mcs-Table given by PDSCH-Config is set to 'gam256,

- if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or

- if the PDSCH with SPS activated by DCI format 1_1 is scheduled without corresponding PDCCH transmission
using SPS-Config,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

elseif the UE is configured with the higher layer parameter mcs-Table given by SPS-Config set to ‘gam64L owSE'
- if the PDSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-Config,

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

elsaif the UE is configured with the higher layer parameter mcs-Table given by SPS-Config-Multicast or mcs-Table of
PDSCH-Config-Multicast in the same CFR-Config-Multicast set to 'gam64L owSE'

- if the GC-PDSCH is scheduled by a GC-PDCCH with CRC scrambled by G-CS-RNTI or
- if the GC-PDSCH is scheduled without corresponding GC-PDCCH transmission using SPS-Config-Multicast,

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

else

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

end
The UE is not expected to decode a PDSCH scheduled with P-RNTI, RA-RNTI, SI-RNTI and Qm > 2

For a UE configured with the higher layer parameter repetitionScheme set to 'fdmSchemeB', and when the UE is
indicated with two TCI statesin a codepoint of the DCI field "Transmission Configuration Indication' and DM-RS
port(s) within one CDM group in the DCI field 'Antenna Port(s)", the determined modulation order of PDSCH
transmission occasion associated with the first TCI state is applied to the PDSCH transmission occasion associated with
the second TCI state.
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Table 5.1.3.1-1: MCS index table 1 for PDSCH

MCS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
Imcs Qm efficiency
0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 5.1152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved
30 4 reserved
31 6 reserved
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Table 5.1.3.1-2: MCS index table 2 for PDSCH

MCS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
Imcs Qm efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
11 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4,2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 5.1152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved
29 4 reserved
30 6 reserved
31 8 reserved
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Table 5.1.3.1-3: MCS index table 3 for PDSCH

MCS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
Imcs Qm efficiency
0 2 30 0.0586
1 2 40 0.0781
2 2 50 0.0977
3 2 64 0.1250
4 2 78 0.1523
5 2 99 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 4 340 1.3281
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 6 438 2.5664
22 6 466 2.7305
23 6 517 3.0293
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 719 4,2129
28 6 772 4.5234
29 2 reserved
30 4 reserved
31 6 reserved
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Table 5.1.3.1-4: MCS index table 4 for PDSCH

MCS Index | Modulation Order Target code Rate R x [1024] SQ_ e_ctral
Imcs Om efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 449 0.8770
3 4 378 1.4766
4 4 490 1.9141
5 4 616 2.4063
6 6 466 2.7305
7 6 517 3.0293
8 6 567 3.3223
9 6 616 3.6094
10 6 666 3.9023
11 6 719 4.2129
12 6 772 4.5234
13 6 822 4.8164
14 6 873 5.1152
15 8 682.5 5.3320
16 8 711 5.5547
17 8 754 5.8906
18 8 797 6.2266
19 8 841 6.5703
20 8 885 6.9141
21 8 916.5 7.1602
22 8 948 7.4063
23 10 805.5 7.8662
24 10 853 8.3301
25 10 900.5 8.7939
26 10 948 9.2578

27 2 reserved

28 4 reserved

29 6 reserved

30 8 reserved

31 10 reserved
5.1.3.2 Transport block size determination

In case the higher layer parameter maxNrofCodeWor dsScheduledByDCI in PDSCH-config indicates that two codeword
transmission is enabled, then one of the two transport blocksis disabled by DCI format 1 1 if Iycs=26 and if rvig=1
for the corresponding transport block. In case the higher layer parameter maxNrofCodeWor dsScheduledByDCl in
PDSCH-Config-Multicast indicates that two codeword transmission is enabled, then one of the two trangport blocksis
disabled by DCI format 4 2 if Imcs= 26 and if rvig = 1 for the corresponding transport block. When the UE is
configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], either the first or the
second transport block of all scheduled PDSCHSs is disabled by the DCI format 1_1 if Imcs= 26 and if rvig = 2 for the
corresponding transport block of all scheduled PDSCHs. If both transport blocks are enabled, transport block 1 and 2
are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is
always mapped to the first codeword.

For the PDSCH assigned by a PDCCH with DCI format 1 0,1 1,4 0,4 1,4 2or 1 2 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, G-RNTI, G-CS-RNTI, MCCH-RNTI or SI-RNTI, if Table5.1.3.1-2is
used and 0< I ycg < 27, elseif Table5.1.3.1-4isused and 0 < [j;¢s < 26 or atable other than Table 5.1.3.1-2 and

Table5.1.3.1-4isused and 0< | g < 28, the UE shall, except if the transport block is disabled in DCI format 1_1,
first determine the TBS as specified below:

1) The UE shall first determine the number of REs (Ngre) within the slot.
- A UE first determines the number of REs allocated for PDSCH within aPRB (N . ) by
Nee = N2 - Ng,qnb— NERB.— NEre where R _ 12 isthe number of subcarriersin aphysical resource

block, Nss;mb is the number of symbols of the PDSCH allocation within the slot, N isthe number of
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REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups
without data, asindicated by DCI format 1_1 or format 1_2 or as described for format 1_0in Clause 5.1.6.2,
and N SR isthe overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig.

PRB
If the xOverhead in PDSCH-ServingCellconfig is not configured (avalue from 6, 12, or 18), the Noh isset

to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MSGB-RNTI or
P-RNTI, NJRB is assumed to be 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by G-RNTI

oh

or G-CS-RNTI or PDSCH without PDCCH is activated by PDCCH with a CRC scrambled by G-CS-RNTI,
NERB isthe overhead configured by higher layer parameter xOver head-Multicast in PDSCH-Config-

oh

Multicagt. If the xOverhead-Multicast in PDSCH-Config-Multicast is not configured, the N? is set to 0.

- A UE determines the total number of REs allocated for PDSCH ( Ngg) by N, = min(156, N,'QE ) N,
where nprs is the total number of allocated PRBs for the UE.

2) Unquantized intermediate variable (Ninto) isobtained by N, = Nge'RQ, v -

If Ny, <3824

i
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end if

3) When N, <3824 , TBSisdetermined as follows

info

- quantized intermediate number of information bits Nilnfo = ma){24,2n LTJ] , Where
n = max (3’ |_|092(Ninf o )J_ 6)'

- useTable5.1.3.2-1 find the closest TBS that is not lessthan N

info*
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Table 5.1.3.2-1: TBS for N, <3824

Index TBS Index TBS Index TBS Index TBS
1 24 31 336 61 1288 91 3624
2 32 32 352 62 1320 92 3752
3 40 33 368 63 1352 93 3824
4 48 34 384 64 1416
5 56 35 408 65 1480
6 64 36 432 66 1544
7 72 37 456 67 1608
8 80 38 480 68 1672
9 88 39 504 69 1736
10 96 40 528 70 1800
11 104 41 552 71 1864
12 112 42 576 72 1928
13 120 43 608 73 2024
14 128 44 640 74 2088
15 136 45 672 75 2152
16 144 46 704 76 2216
17 152 47 736 77 2280
18 160 48 768 78 2408
19 168 49 808 79 2472
20 176 50 848 80 2536
21 184 51 888 81 2600
22 192 52 928 82 2664
23 208 53 984 83 2728
24 224 54 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
27 272 57 1160 87 3104
28 288 58 1192 88 3240
29 304 59 1224 89 3368
30 320 60 1256 90 3496

4) When N, , > 3824, TBSisdetermined as follows.

n

. N -24
- quantized intermediate number of information bits N, ., = l’na((3840, 2" xround (WO—D , Where

n=|log,(N;y, —24)|-5and tiesin the round function are broken towards the next largest integer.

- if R<U/4
N o +24 N +24
TBS=8C.| —M°% |24 \where C=| —22_—
{ 8C w where 3816
else
if N, > 8424
N . +24 N o +24
TBS=8C:| M2 |24 where C=| 20—
{ 8C w here 8424
else
TBS=8 {—N‘”m * 24}24
8
end if
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end if
elseif Table5.1.3.1-2isused and 28 < 1,5 < 31,

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< | g < 27. If thereis no PDCCH for the same transport block using 0< | g < 27, and if

the initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined
from the most recent semi-persistent scheduling assignment PDCCH.

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0 < Iy¢cs < 26. If thereisno PDCCH for the same transport block using 0 < I < 26, and if
theinitial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined
from the most recent semi-persistent scheduling assignment PDCCH.

else

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< 1,5 < 28. If thereis no PDCCH for the same transport block using0< 1,5 < 28, and if the
initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from
the most recent semi-persistent scheduling assignment PDCCH.

The UE is not expected to receive a PDSCH assigned by a PDCCH with CRC scrambled by SI-RNTI withaTBS
exceeding 2976 hits.

For a UE configured with the higher layer parameter repetitionScheme set to 'fdmSchemeB' and indicated with two TCl
states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM
group in the DCI field 'Antenna Port(s)', the TBS determination follows the steps 1-4 with the following modification in

step 1: a UE determines the total number of REs allocated for PDSCH ( Ngg) by N =min (156, N'RE ) ‘N , Where

Ners iS the total number of alocated PRBs corresponding to the first TCI state, and the determined TBS of PDSCH
transmission occasion associated with the first TCI state is aso applied to the PDSCH transmission occasion associated
with the second TCI state. For a UE configured with the higher layer parameter repetitionScheme set to 'tdmSchemeA'’
and indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS
port(s) within one CDM group in the DCI field 'Antenna Port(s)', the TBS determination follows the steps 1-4 with the
following modification in step 1. a UE determines the number of REs allocated for PDSCH withinaPRB (N . ) by

N;:{E = NSFEB . Nss;mb— Ngﬁis— thRB, where N;wnb is the number of symbols of the PDSCH allocation within the slot
corresponding to the first TCI state, and the determined TBS of PDSCH transmission occasion associated with the first
TCI state is also applied to the PDSCH transmission occasion associated with the second TCI state.

For the PDSCH assigned by a PDCCH with DCI format 1_0 with CRC scrambled by P-RNTI, or RA-RNTI, MsgB-
RNTI, TBS determination follows the steps 1-4 with the following modification in step 2: ascaling
Niso =S-Ng -R-Q, -v isapplied in the calculation of Nino, Where the scaling factor is determined based on the TB

scaling field inthe DCI asin Table 5.1.3.2-2.

Table 5.1.3.2-2: Scaling factor of Ninto for P-RNTI, RA-RNTI and MSGB-RNTI

TB scaling field Scaling factor S
00 1
01 0.5
10 0.25
11

The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be reported to higher
layers.

5.1.4 PDSCH resource mapping

When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to O, the UE
shall assume that no SS'PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
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When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI isset to 1, RA-
RNTI, MSGB-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssh-
PositionsinBurst, and if the PDSCH resource all ocation overlaps with PRBs containing SS/PBCH block transmission
resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for
PDSCH in the OFDM symbols where SS/PBCH block is transmitted.

A UE expects a configuration provided by ssb-PositionsinBurst in ServingCellConfigCommon to be same asa
configuration provided by ssb-PositionsinBurst in SIB1.

When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, G-RNTI,
G-CS-RNTI, MCCH-RNTI or PDSCHSs with SPS, the REs corresponding to the configured or dynamically indicated
resourcesin Clauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block
transmission according to ssh-PositionsinBurst if the PDSCH resource all ocation overlaps with PRBs containing
SS/PBCH block transmission resources, and the UE shall assume that the PRBs containing SS/PBCH block
transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block associated with the
same PCI is transmitted.

A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not
available for PDSCH.

For operation with shared spectrum channel access, SS/PBCH block transmission according to ssb-PositionsinBurst
represents al of the candidate SS/PBCH blocks corresponding to SS/PBCH block indices provided by ssb-
PositionsInBurst as described in Clause 4.1 of [6, TS 38.213].

5.14.1 PDSCH resource mapping with RB symbol level granularity

The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to
PDSCH scheduled by PDCCH with DCI format 1_2, by applying only the parameters of rateMatchPatternGroup1DCI-
1-2, rateMatchPatternGroup2DCI-1-2 instead of rateMatchPatternGroupl and rateMatchPatternGroup2. The
procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH
scheduled by PDCCH with DCI format 4_0, by applying only the parameters of rateMatchPatternToAddModList
configured in PDSCH-Config-MCCH or PDSCH-Config-MTCH.

The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to
PDSCH scheduled by PDCCH with DCI format 4_1, and the procedures for PDSCH scheduled by DCI format 1 1
described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2 by applying only the
parameters of rateMatchPatternToAddModList, rateMatchPatternGroupl and rateMatchPatter nGroup2 configured in
PDSCH-Config-Multicast.

A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for
PDSCH:

- rateMatchPatternToAddModList given by PDSCH-Config, by PDSCH-ConfigMulticast, by ServingCellConfig
or by ServingCell ConfigCommon, or by PDSCH-Config-MCCH or PDSCH-Config-MTCH and configuring up
to 4 RateMatchPattern(s) per BWP and up to 4 RateMatchPattern(s) per serving-cell. The RateMatchPatterns
configured for MBS mullticast are counted into the ones that are configured per BWP. The RateMatchPattern(s)
configured for MBS broadcast is counted into the ones that are configured per serving-cell. A RateMatchPattern
may contain:

- within aBWP, when provided by PDSCH-Config or PDSCH-ConfigMulticast or within a serving cell when
provided by ServingCellConfig or ServingCell ConfigCommon, or by PDSCH-Config-MCCH or PDSCH-
Config-MTCH, a pair of reserved resources with numerology provided by higher layer parameter
subcarrier pacing given by RateMatchPattern when configured per serving cell or by numerology of
associated BWP when configured per BWP. The pair of reserved resources are respectively indicated by an
RB level bitmap (higher layer parameter resourceBlocks given by RateMatchPattern) with 1RB granularity
and a symbol level bitmap spanning one or two slots (higher layer parameters symbolslnResourceBlock given
by RateMatchPattern) for which the reserved RBs apply. A bit value equal to 1 in the RB and symbol level
bitmaps indicates that the corresponding resource is not available for PDSCH. For each pair of RB and
symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter
periodicityAndPattern given by RateMatchPattern), where each bit of periodicityAndPattern corresponds to
aunit equal to aduration of the symbol level bitmap, and a bit value equal to 1 indicates that the pair is
present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} unitslong, but maximum of
40 msec. The first symbol of periodicityAndPattern every 40 msec/P periodsis afirst symbol in frame n,
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mod 4 = 0, where P isthe duration of periodicityAndPattern in units of msec. When periodicityAndPattern is
not configured for a pair, for asymbol level bitmap spanning two dots, the bits of the first and second dots
correspond respectively to even and odd dots of aradio frame, and for a symbol level bitmap spanning one
sot, the bits of the slot correspond to every dot of aradio frame. The pair can be included in one or two
groups of resource sets (higher layer parameters rateMatchPatternGroupl and rateMatchPatternGroup?2).
The rateMatchPatternToAddModList given by ServingCellConfig or ServingCell ConfigCommon
configuration in numerology | applies only to PDSCH of the same numerology H.

- within aBWP, afrequency domain resource of a CORESET configured by ControlResourceSet with
control ResourceSetld or Control ResourceSetZero and time domain resource determined by the higher layer
parameters monitoringS otPeriodicityAndOffset, duration and monitoringSymbolswithinS ot of all search-
space-sets configured by SearchSpace and time domain resource of search-space-set zero configured by
searchSpaceZero associated with the CORESET as well as CORESET duration configured by
Control ResourceSet with control ResourceSetld or Control ResourceSetZero. This resource not available for
PDSCH can be included in one or two groups of resource sets (higher layer parameters
rateMatchPatternGroupl and rateMatchPatter nGroup2).

A configured group rateMatchPatternGroupl or rateMatchPatternGroup?2 contains a list of indices of
RateMatchPattern(s) forming a union of resource-sets not available for a PDSCH dynamically if a corresponding bit of
the 'Rate matching indicator' field of the DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding
to the union of resource-sets configured by RateMatchPattern(s) that are not included in either of the two groups are not
available for aPDSCH scheduled by aDCI format 1_0, a PDSCH scheduled by a DCI format 1_1, and PDSCHs with
SPS. When receiving a PDSCH scheduled by a DCI format 1_0 or PDSCHs with SPS activated by a DCI format 1_0,
the REs corresponding to configured resources in rateMatchPatternGroupl or rateMatchPatternGroup?2 are not
available for the scheduled PDSCH or the activated PDSCHs with SPS. When receiving PDSCHs with SPS activated
by aDCI format 1_1, the REs corresponding to configured resources in rateMatchPatternGroupl or
rateMatchPatternGroup2 are not available for the PDSCHs with SPSif a corresponding bit of the Rate matching
indicator field of the DCI format 1_1 activating the PDSCHs with SPSis equal to 1.

For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH
appliesto a set of dot(s) where the rateMatchPatternToAddModList is present among the slots of scheduled PDSCH.

If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-
interleaved CORESET spanning one OFDM symbol:

- and if adetected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the
aggregation level 16 PDCCH candidate are not available for the PDSCH;

- when at least one of the PDCCH candidates of aggregation levels 8 and 16 linked asindicated by higher layer
parameter searchSpaceL.inking, the PDCCH candidates of aggregation level 16 and any other PDCCH
candidate(s) linked with any of the PDCCH candidates of aggregation level 8 and 16 are not available for the
PDSCH reception at the UE, if adetected PDCCH scheduling the PDSCH is associated with the PDCCH
candidates of aggregation level 8 or 16.

If aPDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the
resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS
are not available for the PDSCH. When the PDCCH reception includes two PDCCH candidates from two respective
search space sets, as described in clause 10.1 of [6, TS 38.213], the resources corresponding to a union of the two
PDCCH candidates scheduling the PDSCH and the associated PDCCH DM-RS are not available for the PDSCH. When
precoder Granularity configured in a CORESET where the PDCCH was detected is set to 'all ContiguousRBs, the
associated PDCCH DM-RS are DM-RSin al REGs of the CORESET. Otherwise, the associated DM-RS are the DM-
RS in REGs of the PDCCH.

5.1.4.2 PDSCH resource mapping with RE level granularity

The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to
PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CS-RS
ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CS-RS-ResourceSetsToAddModList.

The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to
PDSCH scheduled by PDCCH with DCI format 4_1 and the procedures for PDSCH scheduled by PDCCH with DCI
format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying
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the parameters of aperiodicZP-CS-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast instead of aperiodic-
ZP-CSY-RS-Resour ceSetsToAddModList in PDSCH-Config.

A UE may be configured with any of the following higher layer parameters:

REsindicated by the 'RateMatchPatternL TE-CRS in lte-CRS-ToMatchAround in ServingCellConfig or
ServingCell ConfigCommon configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz
subcarrier spacing PDSCH, of one LTE carrier in aserving cell are declared as not available for PDSCH.

REsindicated by 'RateMatchPatternLTE-CRS in Ite-CRS-PatternList1-r16 in ServingCellConfig configuring
cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE
carrier in aserving cell are declared as not available for PDSCH.

For the UE for broadcast reception, REs indicated by 'RateMatchPatternL TE-CRS in PDSCH-Config-MCCH or
PDSCH-Config-MCCH configuring cell-specific RS, in 15 kHz subcarrier spacing applicable only to 15 kHz
subcarrier spacing PDSCH, of one LTE carrier in aserving cell are declared as not available for PDSCH.

Each RateMatchPatternL TE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrof CRS-Ports
consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFregDL representing the offset in units of 15 kHz
subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL
representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing
MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2
in[15, TS 36.211], where dlot corresponds to L TE subframe.

If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPool Index
in ControlResourceSet and is also configured by the higher layer parameter Ite-CRS-PatternList1-r16 and Ite-
CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:

- if the UE is configured with crs-RateMatch-Per CoresetPool | ndex, REs indicated by the CRS pattern(s) in
Ite-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoollIndex set to ‘0", or the CRS pattern(s)
in [te-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';

- otherwise, REsindicated by Ite-CRS-PatternList1-r16 and Ite-CRS-PatternList2-r16, in ServingCellConfig.

Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for
aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CS-RS
ResourceSetsToAddModList, sp-ZP-CS-RS-ResourceSetsToAddModList and p-ZP-CS -RS-ResourceSet
respectively comprised in PDSCH-Config), with each ZP CSI-RS resource set consisting of at most 16 ZP CSI-
RS resources (higher layer parameter ZP-CS-RS-Resource) in numerology of the BWP. The REs indicated by p-
ZP-CY-RS ResourceSet are declared as not available for PDSCH. The REsindicated by sp-ZP-CS-RS
ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are declared as not
available for PDSCH when their triggering and activation are applied, respectively. The following parameters
are configured via higher layer signaling for each ZP CSI-RS resource configuration:

- 7p-CS-RSResourceld in ZP-CS-RS-Resour ce determines ZP CSI-RS resource configuration identity.

- nrofPortsin CS-RS-ResourceMapping defines the number of CSI-RS ports, where the alowable values are
givenin Clause 7.4.1.5 of [4, TS 38.211].

- cdm-Type in CS-RS-ResourceMapping defines CDM values and pattern, where the allowable values are
givenin Clause 7.4.1.5 of [4, TS 38.211].

- resourceMapping in ZP-CS-RS-Resour ce defines the OFDM symbol and subcarrier occupancy of the ZP
CSI-RSresource within aslot that are givenin Clause 7.4.1.5 of [4, TS 38.211].

- periodicityAndOffset in ZP-CS-RS Resour ce defines the ZP-CSI-RS periodicity and slot offset for
periodic/semi-persistent ZP CSI-RS.

For the UE in RRC_CONNECTED mode for multicast reception, p-ZP-CS-RS-ResourceSet can be configured
in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by p-
ZP-C3-RS-ResourceSet are declared as not available for GC-PDSCH. The REsindicated by p-ZP-CS-RS-
ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by p-
ZP-CH-RSResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH.
The total number of periodic ZP-CS-RS-Resources that a UE can be configured with is the same as for unicast
in Rel-16. If p-ZP-C3-RS-ResourceSet is configured in both PDSCH-Config and PDSCH-Config-Multicast, it is
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subject to UE capability whether the p-ZP-CS-RS-ResourceSet configured in PDSCH-Config-Multicast can be
different from the p-ZP-CS-RS-ResourceSet configured in PDSCH-Config.

- Forthe UE in RRC_CONNECTED mode for multicast reception, sp-ZP-CS-RS-ResourceSet can be configured
in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by sp-
ZP-CY-RS-ResourceSet are declared as not available for GC-PDSCH when their triggering and activation
delivered by unicast PDSCH are applied. The REsindicated by sp-ZP-CS-RS-ResourceSet configured in
PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by sp-ZP-CS-RS-Resour ceSet
configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of
semi-persistent ZP-CS -RS-Resour ces that a UE can be configured with is the same as for unicast.

The UE may be configured with a DCI field for triggering the aperiodic ZP CSI-RS. A list of ZP-CS-RS
ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CS-RS-Resour ceSetsToAddModList in PDSCH-
Config, is configured for aperiodic triggering. The maximum number of aperiodic ZP-CS -RS-ResourceSet(s)
configured per BWP is 3. The bit-length of DCI field ZP CS-RStrigger depends on the number of aperiodic ZP-CSl-
RS-Resour ceSet(s)configured (up to 2 bits). Each non-zero codepoint of 'ZP CS-RS trigger in DCI format 1_1 triggers
one aperiodic 'ZP-CSI-RS-ResourceSet' in the list aperiodic-ZP-CS -RS-Resour ceSetsToAddModList by indicating the
aperiodic ZP CSI-RS resource set ID. The DCI codepoint '01' triggers the resource set with 'ZP-CSI-RS-ResourceSet! d'
set to '1', the DCI codepoint 10" triggers the resource set with 'ZP-CS|-RS-ResourceSetld' set to '2', and the DCI
codepoint '11' triggers the resource set with 'ZP-CSI-RS-ResourceSetld' set to '3'. Codepoint ‘00" is reserved for not
triggering aperiodic ZP CSI-RS. When receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated
by DCI format 1_0, the REs corresponding to configured resourcesin aperiodic-ZP-CS-RS
ResourceSetsToAddModList or in aperiodicZP-CS -RS-Resour ceSetsToAddModListDCI-1-2 are available for PDSCH.

When the UE is configured with multi-slot and single-slot PDSCH scheduling, the triggered aperiodic ZP CSI-RSis
applied to all the dot(s) of the PDSCH scheduled or the PDSCHs with SPS activated by the PDCCH containing the
trigger.

For a UE configured with alist of semi-persistent ZP-CS-RS-ResourceSet(s) provided by higher layer parameter sp-ZP:
CS-RS-ResourceSetsToAddModList:

- when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH
carrying the activation command, as described in clause 6.1.3.19 of [10, TS 38.321], for ZP CSI-RS resource(s),
the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mapping corresponding
to the activated ZP CSI-RS resource(s) shall be applied starting from the first dot that is after ot n +

ZNSLramen zu;r!:lac - kmac Where uisthe SCS configuration for the PUCCH and py, . is the subcarrier

spacing configuration for k,,,,. with avalue of O for frequency range 1, and k. is provided by K-Mac or
Kmac = 0 if K-Mac is not provided.

- when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH
carrying the deactivation command, as described in clause 6.1.3.19 of [10, TS 38.321], for activated ZP CSI-RS
resource(s), the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE
mapping corresponding to the de-activated ZP CSI-RS resource(s) shall be applied starting from the first dot that

is after ot n + 3NSULSTamen 4 2" kmac Where u isthe SCS configuration for the PUCCH and py, _isthe

slot 2BKmac
subcarrier spacing configuration for k,,,. with avalue of O for frequency range 1, and k. is provided by K-
Mac or k.. = 0 if K-Mac is not provided.

5.1.5  Antenna ports quasi co-location

The UE can be configured with alist of up to M TCI-Sate configurations within the higher layer parameter PDSCH-
Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell,
where M depends on the UE capability maxNumber ConfiguredTCl statesPer CC. Each TCl-State contains parameters for
configuring aquasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the
PDSCH, the DM-RS port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location relationship is
configured by the higher layer parameter qcl-Typel for the first DL RS, and qcl-Type2 for the second DL RS (if
configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are
to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the
higher layer parameter qcl-Type in QCL-Info and may take one of the following values:

- 'typeA": {Doppler shift, Doppler spread, average delay, delay spread}
- 'typeB": { Doppler shift, Doppler spread}
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- 'typeC" { Doppler shift, average delay}
- 'typeD': { Spatial Rx parameter}

The UE can be configured with alist of up to 128 TClSate configurations, within the higher layer parameter di-
OrJoint-TClSateList in PDSCH-Config for providing areference signal for the quasi co-location for DM-RS of
PDSCH and DM-RS of PDCCH inaCC, for CSI-RS, and to provide areference, if applicable, for determining UL TX
spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resourcein a CC, and SRS.

If the TCISate or UL-TClState configurations are absent in a BWP of the CC, the UE can apply the TCISate or UL-
TClSate configurations from areference BWP of areference CC. The UE is not expected to be configured with TCI-
Sate, Spatial Relationinfo or PUCCH-Spatial Relationlnfo, except Spatial RelationlnfoPosin a CC in aband, if the UE
is configured with dI-OrJoint-TCl StateList or UL-TClState in any CC in the same band. The UE can assume that when
the UE is configured with TCI-Sate in any CC in the CC list configured by simultaneousTCI-UpdateList1-r16,
simultaneousTCl-Updatelist2-r 16, simultaneousSpatial-UpdatedList1-r 16, or simultaneousSpatial-UpdatedList2-r 16,
the UE is not configured with dI-OrJoint-TClStateList or UL-TClSate in any CC within the same band in the CC list.

The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321] or 6.1.3.47 of [10, TS
38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and/or
one TCI state for UL channels/signals to the codepoints of the DCI field "Transmission Configuration Indication' for
one or for aset of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs. When a set of TCI state IDs
are activated for a set of CCs/DL BWPs and if applicable, for a set of CCs/UL BWPs, where the applicable list of CCs
is determined by the indicated CC in the activation command, the same set of TCI state IDs are applied for all DL
and/or UL BWPsin the indicated CCs. If the activation command maps TClState and/or UL-TCISate to only one TCI
codepoint, the UE shall apply the indicated TClState and/or UL-TCIState to one or to a set of CCs/DL BWPs, and if
applicable, to one or to a set of CCs/UL BWPs once the indicated mapping for the one single TCI codepoint is applied
asdescribed in [11, TS 38.133].

When the bwp-id or cell for QCL-TypeA/D source RSin a QCL-Info of the TCI stateis not configured, the UE assumes
that QCL-TypeA/D source RSis configured in the CC/DL BWP where TCI state applies.

When tci-PresentinDCI is set as 'enabled’ or tci-PresentDCI-1-2 is configured for the CORESET, a UE configured with
dl-OrJoint-TClSatelist with activated TCIState or UL-TClSate receives DCI format 1 1/1 2 providing indicated
TClSate or UL-TClSate for aCC or al CCsin the same CC list configured by simultaneousTCI-UpdateList1-r17,
simultaneousTCl-UpdateList2-r17, simultaneousTCl-Updatelist3-r17, simultaneousTCl-UpdateList4-r17. The DCI
format 1_1/1 2 can be with or without, if applicable, DL assignment. If the DCI format 1_1/1 2/ iswithout DL
assignment, the UE can assume the following:

- CS-RNTI isused to scramble the CRC for the DCI

- Thevalues of the following DCI fields are set as follows:

- Rv=dl1s
- MCs=dl'ls
- NDI=0

- Settoal 'O'sfor FDRA TypeO, or al '1'sfor FDRA Type 1, or al '0's for dynamicSwitch (sameasin Table
10.2-4 of [6, TS 38.213)).

After aUE receives an initia higher layer configuration of dI-OrJoint-TClStatelList with more than one TCISate and
before application of an indicated TCI state from the configured TCI states:

- The UE assumes that DM-RS of PDSCH and DM-RS of PDCCH and the CSI-RS applying the indicated TCI
state are quasi co-located with the SS/PBCH block the UE identified during the initial access procedure

After aUE receives aninitia higher layer configuration of dI-OrJoint-TCl StateList with more than one TClState or
more than one UL-TCl State and before application of an indicated TCI state from the configured TCI states:

- The UE assumesthat the UL TX spatial filter, if applicable, for dynamic-grant and configured-grant based
PUSCH and PUCCH, and for SRS applying the indicated TCI state, is the same as that for a PUSCH
transmission scheduled by a RAR UL grant during the initial access procedure
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After a UE receives a higher layer configuration of dI-OrJoint-TCl StateList with more than one TClState as part of a
Reconfiguration with sync procedure as described in [12, TS 38.331] and before applying an indicated TCI state from
the configured TCI states:

- The UE assumes that DM-RS of PDSCH and DM-RS of PDCCH, and the CSI-RS applying the indicated TCI
state are quasi co-located with the SS/PBCH block or the CSI-RS resource the UE identified during the random
access procedure initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].

After a UE receives a higher layer configuration of dI-OrJoint-TClSateList with more than one TClState or more than
one UL-TClState as part of a Reconfiguration with sync procedure as described in [12, TS 38.331] and before applying
an indicated TCI state from the configured TCI states:

- The UE assumesthat the UL TX spatia filter, if applicable, for dynamic-grant and configured-grant based
PUSCH and PUCCH, and for SRS applying the indicated TCI state, is the same as that for a PUSCH
transmission scheduled by a RAR UL grant during random access procedure initiated by the Reconfiguration
with sync procedure as described in [12, TS 38.331].

If a UE receives a higher layer configuration of dI-OrJoint-TCl StateList with a single TCIState, that can be used as an
indicated TCI state, the UE obtains the QCL assumptions from the configured TCI state for DM-RS of PDSCH and
DM-RS of PDCCH, and the CSl -RS applying the indicated TCI state.

If a UE receives a higher layer configuration of dI-OrJoint-TCl StateList with a single TCIState or asingle UL-TClSate,
that can be used as an indicated TCI state, the UE determinesan UL TX spatia filter, if applicable, from the configured
TCI state for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI
State.

When the UE would transmit a PUCCH with HARQ-ACK information or a PUSCH with HARQ-ACK information
corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the
PDSCH scheduled by the DCI carrying the TCI State indication, and if the indicated TCl State is different from the
previously indicated one, the indicated DLorJointTClState or UL-TClstate should be applied starting from the first ot
that isat least beamAppTime symbols after the last symbol of the PUCCH or the PUSCH. The first dlot and the
beamAppTime symbols are both determined on the active BWP with the smallest SCS among the active BWP(s) of
the carrier(s) applying the beam indication.

If aUE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain
multiple SL1Vs for PDSCH on a DL BWP of aserving cell, and the UE isreceiving a DCI carrying the TCI-Sate
indication and without DL assignment, the UE does not expect that the number of indicated SLIVsin the row of the
pdsch-TimeDomainAllocationListFor MultiPDSCH-r17 by the DCI is more than one.

If the UE is configured with SSB-MTC-Addtional PCI and with PDCCH-Config that contains two different values of
coresetPoolIndex in Control ResourceSet, the UE receives an activation command for CORESET associated with each
coresetPoollndex, as described in clause 6.1.3.14 of [10, TS 38.321], used to map up to 8 TCI states to the codepoints
of the DCI field "Transmission Configuration Indication' in one CC/DL BWP. When a set of TCI state IDs are activated
for a coresetPoolIndex, the activated TCI states corresponding to one coresetPool Index is associated with the serving
cell physical cell ID and activated TCI states corresponding to another coresetPool Index can be associated with another
physical cell ID.

When a UE supportstwo TCI statesin a codepoint of the DCI field 'Transmission Configuration Indication' the UE
may receive an activation command, as described in clause 6.1.3.24 of [10, TS 38.321], the activation command is used
to map up to 8 combinations of one or two TCI states to the codepoints of the DCI field 'Transmission Configuration
Indication'. The UE is not expected to receive more than 8 TCI states in the activation command.

When the DCI field 'Transmission Configuration Indication’ is present in DCI format 1_2 and when the number of
codepoints Sin the DCI field 'Transmission Configuration Indication' of DCI format 1_2 is smaller than the number of
TCI codepoints that are activated by the activation command, as described in clause 6.1.3.14 and 6.1.3.24 of [10,
TS38.321], only the first S activated codepoints are applied for DCI format 1 2.

When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying
the activation command, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission

Configuration Indication’ should be applied starting from the first slot that is after slot n + 3NS2/memes |

slot
2“1’?% * kmac Where i isthe SCS configuration for the PUCCH and p,,, . isthe subcarrier spacing configuration for

kmac With avalue of O for frequency range 1, and k.. is provided by K-Mac or k.. = 0 if K-Mac is not provided. If
tci-PresentInDCI is set to ‘enabled or tci-PresentDCI-1-2 is configured for the CORESET scheduling the PDSCH, and

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 46 ETSI TS 138 214 V17.3.0 (2022-09)

the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than
timeDurationForQCL if applicable, after a UE receives an initial higher layer configuration of TCI states and before
reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi
co-located with the SSYPBCH block determined in the initial access procedure with respect to qcl-Type set to 'typeA’,
and when applicable, also with respect to qcl-Type set to 'typeD'.

If aUE is configured with the higher layer parameter tci-PresentinDCI that is set as 'enabled’ for the CORESET
scheduling a PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on
the CORESET. If a UE is configured with the higher layer parameter tci-PresentDCI-1-2 for the CORESET scheduling
the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-PresentDCI-1-2 is present in the
DCI format 1_2 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-
PresentInDCI that is set as 'enabled’ for the CORESET scheduling the multicast PDSCH, the UE assumes that the TCI
field is present in the DCI format 4_2 of the PDCCH transmitted on the CORESET. If the PDSCH is scheduled by a
DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the
corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable,
where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-
location, the UE assumes that the TCI state or the QCL assumption for the PDSCH isidentical to the TCI state or QCL
assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the
serving cell.

When a UE is configured with both sfnSchemePdcch and sfnSchemePdsch scheduled by DCI format 1_0 or by DCI
format 1_1/1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell
isegual to or greater than a threshold timeDurationForQCL if applicable:

- if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI state(s) or the QCL
assumption(s) for the PDSCH isidentical to the TCI state(s) or QCL assumption(s) whichever is applied for the
CORESET used for the reception of the DL DCI within the active BWP of the serving cell regardless of the
number of active TCI states of the CORESET. If the UE does not support dynamic switching between SFN
PDSCH and non-SFN PDSCH, the UE should be activated with the CORESET with two TCI states.

- eseif the UE does not support DCI scheduling without TCI field, the UE shall expect TCI field present when
scheduled by DCI format 1_1/1 2.

When a UE is configured with sfnSchemePdsch and sfhSchemePdcch is not configured, when scheduled by DCI format
1 /1 2,if thetime offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal
to or greater than a threshold timeDurationForQCL if applicable, the UE shall expect TCI field present.

For PDSCH scheduled by DCI format 1 0,1 1,1 2, when a UE is configured with sfnSchemePdcch set to
'sfthSchemeA' and sfnSchemePdsch is not configured, and there is no TCI codepoint with two TCI statesin the
activation command, and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal
or larger than the threshold timeDurationFor QCL if applicable and the CORESET which schedules the PDSCH is
indicated with two TCI states, the UE assumes that the TCI state or the QCL assumption for the PDSCH isidentical to
thefirst TCI state or QCL assumption which is applied for the CORESET used for the PDCCH transmission within the
active BWP of the serving cell.

If aPDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling
component carrier pointsto the activated TCI statesin the scheduled component carrier or DL BWP, the UE shall use
the TCI-Sate according to the value of the Transmission Configuration Indication' field in the detected PDCCH with
DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a
serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the
indicated TCI stateif the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or
greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306].
For asingle slot PDSCH, the indicated TCI state(s) should be based on the activated TCI states in the slot with the
scheduled PDSCH. For a multi-slot PDSCH or the UE is configured with higher layer parameter [pdsch-
TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state(s) should be based on the activated TCI states
in the first slot with the scheduled PDSCH(s), and UE shall expect the activated TCI states are the same across the dots
with the scheduled PDSCH(s). When the UE is configured with CORESET associated with a search space set for cross-
carrier scheduling and the UE is not configured with enableDefaultBeamFor CCS, the UE expects tci-PresentInDCI is
set as 'enabled’ or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured
for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD’, the UE expects the time offset
between the reception of the detected PDCCH in the search space set and a corresponding PDSCH islarger than or
equal to the threshold timeDurationForQCL.
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Independent of the configuration of tci-PresentinDCI and tci-PresentDCI-1-2 in RRC connected mode, if the UE is not
provided dI-OrJoint-TCl StateList-r17, and if the offset between the reception of the DL DCI and the corresponding
PDSCH isless than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of
scheduled PDSCH contains qcl-Type set to 'typeD',

- the UE may assume that the DM-RS ports of PDSCHY(s) of a serving cell are quasi co-located with the RS(s)
with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated
with a monitored search space with the lowest control ResourceSetld in the latest lot in which one or more
CORESET s within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Typeis set
to 'typeD’ of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at
least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This
also appliesto the intra-band CA case (when PDSCH and the CORESET are in different component carriers).

- If aUE isconfigured with enableDefault TCI-StatePer CoresetPool Index and the UE is configured by higher
layer parameter PDCCH-Config that contains two different values of coresetPoollndex in different
Control ResourceSets,

- the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoollndex of a
serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi
co-location indication of the CORESET associated with a monitored search space with the lowest
control ResourceSetld among CORESETSs, which are configured with the same value of coresetPool Index as
the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESET s associated with the
same value of coresetPoollndex as the PDCCH scheduling that PDSCH within the active BWP of the serving
cell are monitored by the UE. In this casg, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that
of the PDCCH DM-RS with which they overlap in at least one symbol and they are associated with same
value of coresetPoolIndex, the UE is expected to prioritize the reception of PDCCH associated with that
CORESET. This also appliesto the intra-band CA case (when PDSCH and the CORESET are in different
component carriers).

- If aUE isconfigured with enableTwoDefault TCI-Sates, and at least one TCI codepoint indicates two TCI states,
the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are
quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states
corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the
UE is configured by higher layer parameter repetitionScheme set to ‘tdmSchemeA' or is configured with higher
layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH
transmission occasion is less than the threshold timeDurationFor QCL, the mapping of the TCI statesto PDSCH
transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the
TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states
based on the activated TCI statesin the dot with the first PDSCH transmission occasion. In this case, if the
'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints
containing two different TCI statesis different from that of the PDCCH DM-RS with which they overlap in at
least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This
also appliesto the intra-band CA case (when PDSCH and the CORESET are in different component carriers)

- If aUE isnot configured with sfnSchemePdsch, and the UE is configured with sfnSchemePdcch set to
'sfthSchemeA' and there is no TCI codepoint witih two TCl statesin the activation command and the CORESET
with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of
PDSCH of aserving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated
with the first TCI state of two TCI states indicated for the CORESET. In this case, if the qcl-Typeis set to
'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least
one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET with single
active TCI state. This also appliesto the intra-band CA case (when PDSCH and the CORESET are in different
component carriers).

- Inal cases above, if none of configured TCI states for the serving cell of scheduled PDSCH is configured with
qgcl-Type set to 'typeD’, the UE shall obtain the other QCL assumptions from the indicated TCI state(s) for its
scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding
PDSCH.

Independent of the configuration of tci-PresentinDCI and tci-PresentDCI-1-2 in RRC connected mode, if the UE is
provided dI-OrJoint-TCl StateList-r17, and if the offset between the reception of the DL DCI and the corresponding
PDSCH isless than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of
scheduled PDSCH contains qcl-Type set to 'typeD', regardless of configuration of followUnifiedTCl state,
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- if theindicated TCI stateis associated with the PCI of the serving cell, the indicated TCI state is applied to
PDSCH reception.

- if theindicated TCI state is associated with a PCI different from the serving cell, the UE may assume that the
DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL
parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search
space with the lowest control ResourceSetld in the latest ot in which one or more CORESET s within the active
BWP of the serving cell are monitored by the UE. In the CA casg, if the 'QCL-TypeD' of the PDSCH DM-RSs
from respective CCsin aband are different in aslot, the QCL-TypeD assumption of the PDSCH DM-RS in the
CC with lowest CC ID in the band is applied to al the PDSCH DM-RSs in the CCsin the band. In this case, if
the qcl-Typeis set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which
they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that
CORESET. This also appliesto the intra-band CA case (when PDSCH and the CORESET arein different
component carriers).

If the PDCCH carrying the scheduling DCI is received on one component carrier, and a PDSCH scheduled by that DCI
is on another component carrier:

- ThetimeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If ptppcch <

2HPDSCH

MepscH an additional timing delay d SirpccH 1S added to the timeDurationForQCL, where d is defined in
5.2.15.1a1, otherwise d is zero;

- When the UE is configured with enableDefaultBeamFor CCS, if the offset between the reception of the DL DCI
and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have
the TCI field present, the UE obtainsits QCL assumption for the scheduled PDSCH from the activated TCl state
with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

A UE that hasindicated a capability beamCorrespondenceWithoutUL-BeamSweeping set to '1', asdescribed in [13, TS
38.306], can determine a spatial domain filter to be used while performing the applicable channel access procedures
described in [16, TS 37.213] prior to a UL transmission on the channel as follows:

- if UEisindicated with an SRI corresponding to the UL transmission, the UE may use a spatial domain filter that
is same as the spatial domain transmission filter associated with the indicated SR,

- if UE is configured with TCI-Sate configurations with DLorJointTCl State or UL-TClState, the UE may use a
spatial domain transmit filter that is same as the spatial domain receive filter the UE may use to receive the DL
reference signal associated with the indicated TCI state.

When the PDCCH reception includes two PDCCH from two respective search space sets, as described in clause 10.1 of
[6, TS 38.213], for the purpose of determining the time offset between the reception of the DL DCI and the
corresponding PDSCH, the PDCCH candidate that ends later in time is used. When the PDCCH reception includes two
PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the
configuration of tci-PresentinDCI or tci-PresentDCI-1-2, the UE expects the same configuration in the first and second
CORESET s associated with the two PDCCH candidates; and if the PDSCH is scheduled by a DCI format not having
the TCI field present and if the scheduling offset is equal to or larger than timeDurationForQCL, if applicable, PDSCH
QCL assumption is based on the CORESET with lower ID among the first and second CORESET s associated with the
two PDCCH candidates.

For a periodic CSI-RS resource in an NZP-CSl-RS-ResourceSet configured with higher layer parameter trs-Info, the UE
shall expect that a TCl-State indicates one of the following quasi co-location type(s):

- 'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block where SS/PBCH
block may have a PCl different from the PCI of the serving cell. The UE can assume center frequency, SCS,
SFN offset are the same for SSYPBCH block from the serving cell and SS/PBCH block having a PCl different
from the serving cell, or

- 'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CS-RS
ResourceSet configured with higher layer parameter repetition, where SSYPBCH block may have a PCI different
from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for
SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.

For periodic/semi-persistent CSI-RS, the UE can assume that the indicated DLorJointTCl State is not applied.
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For an aperiodic CSI-RS resource in an NZP-CS-RS-ResourceSet configured with higher layer parameter trs-Info, the
UE shall expect that a TCI-Sate indicates gcl-Type set to 'typeA' with a periodic CSI-RS resource in a NZP-CS-RS
ResourceSet configured with higher layer parameter trs-Info and, when applicable, qcl-Type set to 'typeD' with the same
periodic CSI-RS resource.

For a CSI-RS resource in an NZP-CS-RS-ResourceSet configured without higher layer parameter trs-1nfo and without
the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-
location type(s):

- 'typeA’ with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with the same CSI-RS resource, or

- 'typeA' with a CSI-RS resource in a NZP-CSl-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with an SS/PBCH block, where SSYPBCH block may have a PCI different from the
PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block
from the serving cell and SSYPBCH block having a PCl different from the serving cell, or

- 'typeA' with a CSI-RS resource in a NZP-CSl-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher
layer parameter repetition, or

- 'typeB' with a CSI-RS resource in a NZP-CS-RS-Resour ceSet configured with higher layer parameter trs-1nfo
when 'typeD' is not applicable.

For a CSI-RS resource in an NZP-CS-RS-ResourceSet configured with higher layer parameter repetition, the UE shall
expect that a TCI-State indicates one of the following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSl-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with the same CSI-RS resource, or

- 'typeA' with a CSI-RS resource in a NZP-CSl-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher
layer parameter repetition, or

- 'typeC' with an SS/PBCH block and, when applicable, ‘typeD' with the same SS/PBCH block, the reference RS
may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can
assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS'PBCH
block having a PCl different from the serving cell.

For the DM-RS of PDCCH, the UE shall expect that a TCI-State or DLorJointTClI Sate except an indicated
DLorJointTCl State indicates one of the following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CS -RS-Resour ceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with the same CSI-RS resource, or

- 'typeA' with a CSI-RS resource in a NZP-CS -RS-Resour ceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSl -RS-ResourceSet configured with higher
layer parameter repetition, or

- 'typeA’ with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured without higher layer parameter trs-Info
and without higher layer parameter repetition and, when applicable, ‘typeD' with the same CSI-RS resource.

When a UE is configured with sfnSchemePdcch set to 'sfnSchemeA', and CORESET is activated with two TCI states,
the UE shall assume that the DM-RS port(s)of the PDCCH in the CORESET is quasi co-located with the DL-RSs of the
two TCI states. When a UE is configured with sfnSchemePdcch set to 'sfnSchemeB’, and a CORESET is activated with
two TCI states, the UE shall assume that the DM-RS port(s)of the PDCCH is quasi co-located with the DL-RSs of the
two TCI states except for quasi co-location parameters { Doppler shift, Doppler spread} of the second indicated TCI
state.

For the DM-RS of PDSCH, the UE shall expect that a TCI-State or DLorJointTCl State except an indicated
DLorJointTCl Sate indicates one of the following quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CSl -RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with the same CSI-RS resource, or
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- 'typeA' with a CSI-RS resource in a NZP-CS -RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CS-RS ResourceSet configured with higher
layer parameter repetition,or

- typeA' with a CSI-RS resource in aNZP-CS-RS-ResourceSet configured without higher layer parameter trs-Info
and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.

For the DM-RS of PDCCH, the UE shall expect that an indicated DLorJointTClState indicates one of the following
quasi co-location type(s):

- 'typeA' with a CSI-RS resource in a NZP-CS -RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with the same CSI-RS resource, or

- 'typeA’ with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CS-RS ResourceSet configured with higher
layer parameter repetition.

For the DM-RS of PDSCH, the UE shall expect that an indicated DLorJointTCl Sate indicates one of the following
quasi co-location type(s) if the UE is configured [TCI-State] (s) with [tci-Sateld r17]:

- 'typeA' with a CSI-RS resource in a NZP-CSl -RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with the same CSI-RS resource, or

- 'typeA' with a CSI-RS resource in a NZP-CSl-RS-ResourceSet configured with higher layer parameter trs-Info
and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CS-RS ResourceSet configured with higher
layer parameter repetition.

When a UE is configured with sfnSchemePdsch set to 'sftnSchemeA’, and the UE isindicated with two TCI statesin a
codepoint of the DCI field 'Transmission Configuration Indication’ in a DCI scheduling a PDSCH, the UE shall assume
that the DM-RS port(s)of the PDSCH is quasi co-located with the DL-RSs of the two TCI states. When aUE is
configured with sfnSchemePdsch set to 'sfnSchemeB', and the UE isindicated with two TCI states in a codepoint of the
DCI field 'Transmission Configuration Indication' in a DCI scheduling a PDSCH, the UE shall assume that the DM-RS
port(s)of the PDSCH is quasi co-located with the DL-RSs of the two TCI states except for quasi co-location parameters
{Doppler shift, Doppler spread} of the second indicated TCI state.

5.1.6 UE procedure for receiving reference signals

5.1.6.1 CSI-RS reception procedure

The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSl computation,
L1-RSRP computation, L1-SINR computation, mobility, and tracking during fast SCell activation.

For a CSI-RS resource associated with a NZP-CSl -RS-Resour ceSet with the higher layer parameter repetition set to ‘on',
the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to
monitor the CORESET, while for other NZP-CS-RS-ResourceSet configurations, if the UE is configured with a CSI-RS
resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the
CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located
with 'typeD', if 'typeD' is applicable. If the CORESET is activated with two TCI states, UE may assume that the first
TCI state of the CORESET as the default QCL assumption for the CSI-RS. This also appliesto the case when CSI-RS
and the CORESET arein different intra-band component carriers, if ‘typeD' is applicable. Furthermore, the UE shall not
expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied
by the search space set(s).

The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBsin the OFDM symbols where
SB1 istransmitted.

If the UE is configured with DRX,

- if the UE isconfigured to monitor DCI format 2_6 and configured by higher layer parameter ps-
TransmitOtherPeriodicCS to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ and
reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer in DRX-
Config is not started, the most recent CSl measurement occasion occursin DRX active time or during the time
duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
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- if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-
TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic’
and reportQuantity set to cri-RSRP when drx-onDurationTimer in DRX-Config is not started, the most recent
CSI measurement occasion occursin DRX active time or during the time duration indicated by drx-
onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;

- otherwise, the most recent CSI measurement occasion occursin DRX active time for CSI to be reported.

5.1.6.1.1 CSI-RS for tracking

A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CS-RS
ResourceSet configured with higher layer parameter trs-Info.

For a NZP-CS-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna
port with the same port index of the configured NZP CSI-RS resources in the NZP-CS -RS-ResourceSet is the same.

- For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CS-RS
ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP
CSI-RS resourcesin each dlot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP
CSI-RS set(s), where a NZP-CS -RS-Resour ceSet consists of two periodic NZP CSI-RS resourcesin one slot.

- For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CS-RS
ResourceSet consists of two periodic CSI-RS resourcesin one slot or with a NZP-CS-RS-ResourceSet of four
periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resourcesin each dlot.

A UE configured with NZP-CS -RS ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-
RS resources configured as:

- Periodic, with the CSI-RS resources in the NZP-CS -RS-Resour ceSet configured with same periodicity,
bandwidth and subcarrier location.

- Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS
and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS
being configured with qcl-Type set to ‘typeA' and 'typeD', where applicable, with the periodic CSI-RS resources.
For freguency range 2, the UE does not expect that the scheduling offset between the last symbol of the PDCCH
carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resourcesis smaller than
beamSwitchTiming + d - 2#¢sIrs /2#PDCCH jn CSI-RS symbols, where beamSwitchTiming is UE reported value
defined in [13, TS 38.306], the reported value is one of the values of {14, 28, 48} - 2max(Okcsirs=3) | and the
beam switching timing delay d isdefined in Table 5.2.1.5.1a-1 if Uppcen < Mcsirs, €lse d is zero. The UE shall
expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same
number of CSI-RS resources and with the same number of CSI-RS resourcesin adlot. For the aperiodic CSI-RS
resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-
RS resources with two consecutive slots with two periodic CSI-RS resources in each dot, the higher layer
parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS
resourcesin the set.

A UE does not expect to be configured with a CS-ReportConfig that is linked to a CS-Resour ceConfig containing an
NZP-CS-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer
parameter timeRestrictionFor Channel Measurements set to ‘configured'.

A UE does not expect to be configured with a CS-ReportConfig with the higher layer parameter reportQuantity set to
other than 'none’ for aperiodic NZP CSI-RS resource set configured with trs-Info.

A UE does not expect to be configured with a CS-ReportConfig for periodic NZP CSI-RS resource set configured with
trs-Info.

A UE does not expect to be configured with a NZP-CS-RS-ResourceSet configured both with trs-Info and repetition.

Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-
C3-RS-Resource with the following restrictions:
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the time-domain locations of the two CSI-RS resourcesin adot, or of the four CSI-RS resources in two
consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CS -
RS-resourceMapping, is given by one of

- le{a8}, 1e{59},0rl e {60} for frequency range 1 and frequency range 2,
- le{o4}, 115}, 1€ {26}, 1€ {37}, 1e {711}, 1 {812} or 1 {913} for frequency range 2.

asingle port CSI-RS resource with density p=3 given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher

layer parameter density configured by CS-RS-ResourceMapping.

if carrier Nyjig* = 52, N§iip; = 52, u = 0 and the carrier is configured in paired spectrum, the bandwidth of the
CSI-RS resource, as given by the higher layer parameter freqBand configured by CS-RS-ResourceMapping, is X
resource blocks, where X > 28 resources if the UE indicates trs-AddBW-Set1 for the trs-Additional Bandwidth
capability for CSI-RS for tracking or addBW-Set1 for the aperiodicCS-RS-Additional Bandwidth capability for
aperiodic CSI-RS for fast SCell activationand X > 32 if the UE indicates trs- AddBW-Set2 for the

Additional Bandwidth capability for CSI-RS for tracking or addBW-Set2 for the aperiodicCS-RS-

Additional Bandwidth capability for aperiodic CSI-RS for fast SCell activation; in these cases, if the UE is
configured with CSI-RS comprising X<52 resource blocks, the UE does not expect that the total number of
PRBs allocated for DL transmissions but not overlapped with the PRBs carrying CSI-RS for tracking is more
than 4, where all CSI-RS resource configurations shall span the same set of resource blocks; otherwise, the
bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CS-RS-
ResourceMapping, is the minimum of 52 and N, ; resource blocks, or is equal to N§ip; resource blocks. For
operation with shared spectrum channel access, freqBand configured by CS-RS-ResourceMapping, isthe
minimum of 48 and N5 ; resource blocks, or is equal to N§ip; resource blocks.

the UE is not expected to be configured with the periodicity of 2# x10 dotsif the bandwidth of CSI-RS
resourceis larger than 52 resource blocks.

the periodicity and dot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter
periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of 2 X slots where x , =10, 20, 40, or 80
and where L isdefined in Clause 4.3 of [4, TS 38.211].

same power Control Offset and power Control OffsetSS given by NZP-CS -RS-Resource value across all resources.

A UEin RRC_IDLE or RRC_INACTIVE can receive a higher layer configuration of TRS occasionsviaa TRS
ResourceSetConfig.

For frequency range 1, the UE may be configured with one or more TRS resource set(s), where each TRS
resource set configured by a TRS ResourceSet consists of four periodic NZP CSI-RS resources in two
consecutive dots with two periodic NZP CSI-RS resources in each slot. If no two consecutive sots are indicated
as downlink slots by tdd-UL-DL-ConfigurationCommon, then the UE may be configured with one or more NZP
CSI-RS set(s), where a TRS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot.

For frequency range 2 the UE may be configured with one or more TRS resource set(s), where each TRS
resource set configured by a TRS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot or by a
TRS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSl-
RS resources in each dlot.

Each NZP CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter
TRS ResourceSet with the following restrictions for aUE in RRC_IDLE or RRC_INACTIVE:

the number of periodic NZP CSI-RS resources configured by a TRS-ResourceSet is given by number Ofresources

the time-domain locations of the two CSI-RS resourcesin adot, or of the four CSI-RS resources in two
consecutive slots (which are the same across two consecutive slots), is one of

- le{a8}, 1e{59},0rl e {60} for frequency range 1 and frequency range 2,

- le{o4},1€5}, 1€ {26}, 1€ {37}, 1e {711}, 1 {812} or 1< {913} for frequency range 2.
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- wherethefirst symbol location in aslot isindicated by firsstOFDMSymbol InTimeDomain in the TRS-
ResourceSet and the second symbol location in aslot is firstOFDMSymbol InTimeDomain + 4

- asingle port CSI-RS resource with density p=3 given by Table 7.4.1.5.3-1 from [4, TS 38.211].

- the bandwidth and the frequency location of the NZP CSI-RS resource, is given by the higher layer parameter
nrofRBs, startingRB and frequencyDomainAllocation in a TRS-ResourceSet and appliesto all resourcesin a TRS
ResourceSet. Bandwidth, nrofRBs, and the initial CRB index, startingRB, of the NZP CSI-RS resource
configured by TRS-ResourceSet are not restricted by initial DL BWP.

- UEisnot required to receive TRS occasions outside the initial DL BWP.

- theperiodicity for periodic NZP CSI-RS resources, is given by the higher layer parameter periodicityAndOffset
configured by a TRS-ResourceSet, is one of Z”Xpslots where x » = 10, 20, 40, or 80 and where L isdefined in

Clause 4.3 of [4, TS 38.211], appliesto all resourcesin a TRS-ResourceSet. The dot offset given by the higher
layer parameter periodicityAndOffset configured by a TRS-ResourceSet provides the location of the first slot
containing the periodic NZP CSI-RS resources configured by by a TRS-ResourceSet.

- the UE does not expect the TRS-ResourceSet to be configured with the periodicity of 2# x10 dotsif the
bandwidth of NZP CSI-RS resource is larger than 52 resource blocks.

- the UE may assume the sub-carrier spacing of the NZP CSI-RS resources configured by TRS-ResourceSet to be
same as the sub-carrier spacing of theinitial DL BWP.

- powerControl OffsetSS given by a TRS-ResourceSet appliesto all resources in a TRS-ResourceSet.

- the QCL information for periodic NZP CSI-RS resources, is given by the higher layer parameter ssb-1ndex
configured by a TRS-ResourceSet, is a SS/PBCH block, appliesto all resourcesin a TRS-ResourceSet.

- Oneor more scramblingl Ds where if asingle scramblingl D is configured, it appliesto all NZP-CSI-RS
resources in the resource set, otherwise, each NZP-CSI-RS resource is provided with a scramblingl D.

- the UE may assume the following quasi co-location type(s):
- 'typeC' with an SS/PBCH block and, when applicable, ‘typeD' with the same SS/PBCH block.

For each TRS-ResourceSet the index of the associated bit in TRS availability indication field [5, TS 38.212], is given by
the higher layer parameter indBitID.

5.1.6.1.1.1 Aperiodic CSI-RS for tracking for fast SCell activation

A UE can be configured with aperiodic CSI-RS resources for tracking for an SCell for fast SCell activation using NZP-
C3-RS-ResourceSet(s) with the higher layer parameter scell ActivationRS-ConfigToAddModList, with the QCL relation,
provided by higher layer parameter gcl-1nfo given by SCell ActivationRS-Config as with aperiodic CSI-RS for tracking
inclause5.1.6.1.1.

Each CSI-RS resource, defined in clause 7.4.1.5.3 of [4, TS 38.211], for fast SCell activation is configured by the
higher layer parameter NZP-CS-RS-Resour ce with the same restrictions as defined for CSI-RS for tracking in clause
51.6.1.1

5.1.6.1.2 CSI-RS for L1-RSRP and L1-SINR computation

If aUE is configured with a NZP-CS-RS-ResourceSet configured with the higher layer parameter repetition set to ‘on',
the UE may assume that the CSI-RS resources, described in Clause 5.2.2.3.1, within the NZP-CS-RS-ResourceSet are
transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CS-RS-
ResourceSet are transmitted in different OFDM symbols. If repetition is set to 'off', the UE shall not assume that the
CSI-RS resources within the NZP-CS-RS-ResourceSet are transmitted with the same downlink spatial domain
transmission filter.

If the UE is configured with a CS -ReportConfig with reportQuantity set to ‘cri-RSRP, ‘cri-SINR' or 'none’ and if the
CS-ResourceConfig for channel measurement (higher layer parameter resourcesF-or Channel Measurement) contains a
NZP-CS-RS-ResourceSet that is configured with the higher layer parameter repetition and without the higher layer
parameter trs-Info, the UE can only be configured with the same number (1 or 2) of ports with the higher layer
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parameter nrofPorts for all CSI-RS resources within the set. If the UE is configured with the CSI-RS resource in the
same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi
co-located with 'typeD' if 'typeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS
in PRBsthat overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used
for both the CSI-RS and the SS/PBCH block.

5.1.6.1.3 CSI-RS for mobility

If aUE is configured with the higher layer parameter CS-RS-Resource-Mobility and the higher layer parameter
associatedSSB is not configured, the UE shall perform measurements based on CS-RS-Resource-Mobility and the UE
may base the timing of the CSI-RS resource on the timing of the serving cell.

If aUE is configured with the higher layer parameters CS-RS-Resource-Mobility and associatedSSB, the UE may base
the timing of the CSI-RS resource on the timing of the cell given by the cellld of the CSI-RS resource configuration.
Additionally, for agiven CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE,
the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasi Colocated
indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-
located with respect to 'typeD’, when applicable.

If aUE is configured with the higher layer parameter CS-RS-Resource-Maobility and with periodicity greater than 10
msec in paired spectrum, the UE may assume the absol ute value of the time difference between radio frame i between
any two cells, listed in the configuration with the higher layer parameter CS-RS-CellMobility and with same
refFreqC3-RS, isless than 153600 Ts.

If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than
during the active time for measurements based on CS-RS-Resource-Mobility. When the UE is configured to monitor
DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer
duration indicated by drx-onDurationTimer in DRX-Config also outside active time based on CS-RS-Resource-
Mobility.

If the UE is configured with DRX and DRX cyclein useis larger than 80 msec, the UE may not expect CSI-RS
resources are available other than during the active time for measurements based on CS-RS-Resource-Mobility. If the
UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cyclein use islarger than 80 msec,
the UE may not expect that the CSI-RS resources are available other than during the active time and during the time
duration indicated by drx-onDurationTimer in DRX-Config also outside active time for measurements based on CS-RS
Resource-Mohility. Otherwise, the UE may assume CSI-RS are available for measurements based on CS-RS Resource-
Mobility.

A UE configured with the higher layer parameters CS-RS-Resource-Mobility may expect to be configured

- with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR for UES not supporting
[increasedNumber of CS RSPerMO-r16] when all CSI-RS resources configured by the same higher layer
parameter MeasObjectNR have been configured with associatedSSB, or,

- with no more than 192 CSI-RS resources per higher layer parameter MeasObjectNR for UES supporting
[increasedNumber of CSIRSPerMO-r16] when all CSI-RS resources configured by the same higher layer
parameter MeasObjectNR have been configured with associatedSSB, or,

- with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources
have been configured without associatedSSB or when only some of the CSI-RS resources have been configured
with associatedSSB by the same higher layer parameter MeasObjectNR

- For frequency range 1 the associatedSB is optionally present for each CSI-RS resource.

- For frequency range 2 the associatedSB is either present for all configured CSI-RS resources or not present
for any configured CSI-RS resource per higher layer parameter MeasObjectNR.

For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is 'noCDM', and
there is only one antenna port.

5.1.6.2 DM-RS reception procedure

The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause
equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-
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DownlinkFor PDSCH-MappingTypeA-DCl-1-2 and dmrs-DownlinkFor PDSCH-MappingTypeB-DCI-1-2 instead of
dmrs-DownlinkFor PDSCH-MappingTypeA and dmrs-DownlinkFor PDSCH-Mapping TypeB.

The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause
equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of dmrs-
DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkFor PDSCH-MappingTypeB in PDSCH-Config-Multicast
instead of dmrs-DownlinkFor PDSCH-MappingTypeA and dmrs-DownlinkFor PDSCH-MappingTypeB in PDSCH-
Config.

When receiving PDSCH scheduled by DCI format 1_0, 4 0, or 4_1, or receiving PDSCH before dedicated higher layer
configuration of any of the parameters dmrs-Additional Position, maxLength and dmrs-Type, the UE shall assume that
the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with
PDSCH mapping type B (described in clause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of
configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not
associated with transmission of PDSCH to another UE and in addition

- For PDSCH with mapping type A and type B, the UE shall assume dmrs-Additional Position="pos2' and up to
two additional single-symbol DM-RS present in a slot according to the PDSCH duration indicated in the DCI as
defined in Clause 7.4.1.1 of [4, TS 38.211], and

- For PDSCH with alocation duration of 2 symbols with mapping type B, the UE shall assume that the PDSCH is
present in the symbol carrying DM-RS.

When receiving PDSCH scheduled by DCI format 1_1 by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, or
CS-RNTI or DCI format 4 _2 by PDCCH with CRC scrambled by G-RNTI or G-CS-RNTI,

- the UE may be configured with the higher layer parameter dmrs-Type, and the configured DM-RS configuration
typeis used for receiving PDSCH in as defined in Clause 7.4.1.1 of [4, TS 38.211].

- the UE may be configured with the maximum number of front-loaded DM-RS symbols for PDSCH by higher
layer parameter maxLength given by DMRS-DownlinkConfig..

- if maxLength is set to 'lenl’, single-symbol DM-RS can be scheduled for the UE by DCI, and the UE can be
configured with a number of additional DM-RS for PDSCH by higher layer parameter dmrs-
Additional Position, which can be set to 'pos0’, 'posl’, 'pos2' or 'pos3'.

- if maxLength is set to 'len2', both single-symbol DM-RS and double symbol DM-RS can be scheduled for the
UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher layer
parameter dmrs-Additional Position, which can be set to 'pos0’ or ‘posl'.

- and the UE shall assume to receive additional DM-RS as specified in Table 7.4.1.1.2-3 and Table 7.4.1.1.2-4
asdescribed in Clause 7.4.1.1.2 of [4, TS 38.211].

For the UE-specific reference signals generation as defined in Clause 7.4.1.1 of [4, TS 38.211], a UE can be configured

by higher layers with one or two scrambling identity(s), n;5 " i = 0,1 which are the same for both PDSCH mapping

Type A and Type B.

A UE may be scheduled with a number of DM-RS ports by the antenna port index in DCI format 1_1 as described in
Clause 7.3.1.2 of [5, TS 38.212].

For DM-RS configuration type 1,

- if aUE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11
or 30} inTable7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or

- if aUE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11
or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS
38.212], or

- if aUE is scheduled with two codewords,

the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to
another UE.

For DM-RS configuration type 2,
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- if aUE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or
23} inTable 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Clause 7.3.1.2 of [5, TS38.212], or

- if aUE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10, 23 or
24} inTable 7.3.1.2.2-3A and { 2, 10, 23 or 58} in Table 7.3.1.2.2-4A of Clause 7.3.1.2 of [5, TS 38.212], or

- if aUE is scheduled with two codewords,

the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to
another UE.

If a UE receiving PDSCH scheduled by DCI format 1_2 is configured with the higher layer parameter phaseTrackingRS
in dmrs-DownlinkFor PDSCH-MappingTypeA-DCI-1-2 or dmrs-DownlinkFor PDSCH-MappingTypeB-DCl-
1-2 or a UE receiving PDSCH scheduled by DCI format 1_0 or DCI format 1_1 is configured with the higher layer
parameter phaseTrackingRSin dmrs-DownlinkFor PDSCH-MappingTypeA or dmrs-DownlinkFor PDSCH-
MappingTypeB, the UE may assume that the following configurations are not occurring simultaneously for the received
PDSCH:

- any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are
scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and

- PT-RSistransmitted to the UE.

The UE is not expected to simultaneously be configured with the maximum number of front-loaded DM-RS symbols
for PDSCH by higher layer parameter maxLength being set equal to 'len2' and more than one additional DM-RS symbol
as given by the higher layer parameter dmrs-Additional Position.

The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the actual
number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS, the DM-RS symbol location, and
DM-RS configuration type as described in Clause 7.4.1.1 of [4, TS 38.211].

The UE does not expect the precoding of the potential co-scheduled UE(S) in other DM-RS ports of the same CDM
group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.

The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same
CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.

When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groupsindicated in the
configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2, 7.3.1.2.2-2A, 7.3.1.2.2-3, 7.3.1.2.2-3A, 7.3.1.2.2-4,
7.3.1.2.2-4A of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission,
where"1","2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2,
7.3.1.2.2-3,7.3.1.2.2-3A, 7.3.1.2.2-4, 7.3.1.2.2-4A of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2},
respectively.

When receiving PDSCH scheduled by DCI format 10, 4_0, or 4_1, the UE shall assume the number of DM-RS CDM
groups without datais 1 which corresponds to CDM group O for the case of PDSCH with allocation duration of 2
symbols, and the UE shall assume that the number of DM-RS CDM groups without datais 2 which corresponds to
CDM group {0,1} for al other cases.

The UE is not expected to receive PDSCH scheduling DCI which indicates CDM group(s) with potential DM-RS ports
which overlap with any configured CSI-RS resource(s) for that UE.

If the UE receives the DM-RS for PDSCH and an SS/PBCH block associated with the same PCI in the same OFDM
symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'typeD', if ‘typeD' is
applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the
SS/PBCH block associated with the same PCI as the DM-RS, and the UE can expect that the same or different
subcarrier spacing is configured for the DM-RS and SSYPBCH block in a CC except for the case of 240 kHz where only
different subcarrier spacing is supported. A DM-RS for PDSCH is said to be associated with an additional PCI if the
indicated TCI state for the PDSCH is associated with the additional PCI, otherwise a DM-RS for PDSCH is associated
with serving cell PCI.

If at least one TCI codepoint indicates two TCI states and the UE receives the DM-RS for PDSCH and an SS/PBCH
block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the PDSCH and
SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
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If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of
CORESETPoolIndex in different Control ResourceSets, and the UE receives the DM-RS for PDSCH(s) and an
SS/PBCH block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the
PDSCH(s) and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.

If aUE is configured by the higher layer parameter PDCCH-Config that contains two different val ues of
coresetPoollndex in Control ResourceSet, the UE may be scheduled with fully or partially overlapping PDSCHs in the
time and frequency domain by multiple PDCCHs with the following restrictions,
- the UE is not expected to assume different DM-RS configuration with respect to the actual number of front-
loaded DM-RS symbol(s), the actual number of additional DM-RS symbol(s), the actual DM-RS symbol
location, and DM-RS configuration type.

- the UE is not expected to assume DM-RS portsin a CDM group indicated by two TCI states.

When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry which
contains repetitionNumber in PDSCH-TimeDomainResour ceAllocation, the UE is not configured with sfnSchemePdsch
and it isindicated with two TCI statesin a codepoint of the DCI field 'Transmission Configuration Indication' and DM-
RS port(s) within two CDM groupsin the DCI field 'Antenna Port(s)',

- thefirst TCI state correspondsto the CDM group of the first antenna port indicated by the antenna port
indication table, and the second TCI state corresponds to the other CDM group.

If aUE is configured with higher layer parameter [dmrs-FD-OCC-disableForRank1PDSCH] and the UE is scheduled
with PDSCH with single DM-RS port, the UE may assume that set of orthogonal DM-RS antenna ports from the same
CDM group using different set of wi(k’) codes are not associated with the transmission of PDSCH to another UE.

5.1.6.3 PT-RS reception procedure

The procedures on PT-RS reception described in this clause apply to a UE receiving PDSCH scheduled by DCI format
1 2 configured with the higher layer parameter phaseTrackingRSin dmrs-DownlinkFor PDSCH-MappingTypeA-DCI-1-
2 or dmrs-DownlinkFor PDSCH-MappingTypeB-DCI-1-2 and to a UE receiving PDSCH scheduled by DCI format 1.0
or DCI format 1_1 configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-
MappingTypeA or dmrs-DownlinkFor PDSCH-MappingTypeB. The procedures on PT-RS reception described in this
clause apply to a UE receiving PDSCH scheduled by DCI format 4 1 or 4 2 configured with the higher layer parameter
phaseTrackingRSin dmrs-DownlinkFor PDSCH-Mapping TypeA or dmrs-DownlinkForPDSCH-MappingTypeB in
PDSCH-Config-Multicast.

A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency,
for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the
maximum Modulation Order as it reported to support.

If aUE is configured with the higher layer parameter phaseTrackingRSin DMRS-DownlinkConfig,

- the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold
values ptrsMCS, i=1,2,3 and Nrg; , i=0,1, as shownin Table 5.1.6.3-1 and Table 5.1.6.3-2, respectively.

- if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and
the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna port' presence
and pattern is a function of the corresponding scheduled MCS of the corresponding codeword and scheduled
bandwidth in corresponding bandwidth part as shownin Table 5.1.6.3-1 and Table 5.1.6.3-2,

- if the higher layer parameter timeDensity given by PTRS-DownlinkConfig is not configured, the UE shall
assume Lpr.rs= 1.

- if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE
shall assume KpT.rs = 2.

- otherwise, if neither of the additional higher layer parameters timeDensity and frequencyDensity are configured
and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS is present with Lpr.rs
=1, Kprrs = 2, and the UE shall assume PT-RSis not present when

- the scheduled MCSfrom Table 5.1.3.1-1 issmaller than 10, or
- the scheduled MCS from Table 5.1.3.1-2 issmaller than 5, or
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- the scheduled MCS from Table 5.1.3.1-3 is smaller than 15, or
- the scheduled MCS from Table 5.1.3.1-4 is smaller than 3, or
- the number of scheduled RBsis smaller than 3, or

- otherwise, if the RNTI equals RA-RNTI, [MSGB-RNTI], SI-RNTI, or P-RNTI, the UE shall assume PT-RSis
not present

Table 5.1.6.3-1: Time density of PT-RS as a function of scheduled MCS

Scheduled MCS Time density (Lprre)

Imcs < ptrs-MCS: PT-RS is not present
ptrs-MCS1 < lucs < ptrs-MCS2 4
ptrs-MCS2 < lvcs < ptrs-MCS3 2
ptrs-MCS3 < lvcs < ptrs-MCS4 1

Table 5.1.6.3-2: Frequency density of PT-RS as a function of scheduled bandwidth

Scheduled bandwidth Frequency density ( KPT—RS)
Nre < Nreo PT-RS is not present
Nreo < Nre < Nre1 2
4

Nre: < Nrs

If aUE is not configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig, the UE assumes
PT-RSis not present.

The higher layer parameter PTRS-DownlinkConfig provides the parameters ptrs-MCS, i=1,2,3 and with valuesin range
0-29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 isused and 0-28 when MCS Table 5.1.3.1-2 is used, and 0-27
when MCS Table 5.1.3.1-4 is used, respectively. ptrssMC$A is not explicitly configured by higher layers but assumed
29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is used and 28 when MCS Table 5.1.3.1-2 isused and 27 when
MCS Table 5.1.3.1-4 is used, respectively. The higher layer parameter frequencyDensity in PTRS DownlinkConfig
provides the parameters Ngsj i=0,1 with values in range 1-276.

If the higher layer parameter PTRS-DownlinkConfig indicates that the time density thresholds ptrs-MCS = ptrsMCS+ 1,
then the time density Lpr-rs Of the associated row where both these thresholds appear in Table 5.1.6.3-1 is disabled. If
the higher layer parameter PTRS-DownlinkConfig indicates that the frequency density thresholds Nrsi = Nrsi +1, then the
frequency density Kprrs Of the associated row where both these thresholds appear in Table 5.1.6.3-2 is disabled.

If either or both of the parameters PT-RS time density (Lrrrs) and PT-RS frequency density (Kpr-rs), shownin Table
5.1.6.3-1 and Table 5.1.6.3-2, indicates that 'PT-RS not present', the UE shall assume that PT-RSis not present.

When the UE is receiving a PDSCH with allocation duration of 2 symbols as defined in Clause 7.4.1.1.2 of [4, TS
38.211] and if Lpr.rsis set to 2 or 4, the UE shall assume PT-RS s not transmitted.

When the UE is receiving a PDSCH with allocation duration of 4 symbolsand if Ler-rsis set to 4, the UE shall assume
PT-RSis not transmitted.

When a UE is receiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where
V=28 for MCS Table5.1.3.1-1 and Table 5.1.3.1-3, and V=27 for MCS Table 5.1.3.1-2, and V=26 for MCS Table
5.1.3.1-4 respectively, the MCS for the PT-RS time-density determination is obtained from the DCI received for the
same transport block in theinitial transmission, which is smaller than or equal to V.

The DL DM-RS port(s) associated with a PT-RS port are assumed to be quasi co-located with respect to 'typeA’ and
'typeD'. If a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest indexed DM-RS
antenna port among the DM-RS antenna ports assigned for the PDSCH.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 59 ETSI TS 138 214 V17.3.0 (2022-09)

If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS
antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of
the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port
assigned for codeword 0.

When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry which
contains repetitionNumber in PDSCH-TimeDomainResour ceAllocation, and if the UE is configured with the higher
layer parameter maxNrofPorts equal to n2, the UE is not configured with sfnSchemePdsch and if the UE isindicated
with two TCI states by the codepoints of the DCI field ‘'Transmission Configuration Indication' and DM-RS port(s)
within two CDM groupsin the DCI field 'Antenna Port(s)', the UE shall receive two PT-RS ports which are associated
to the lowest indexed DM-RS port among the DM-RS ports corresponding to the first/second indicated TCI state,
respectively.

When a UE configured by the higher layer parameter repetitionScheme set to 'fdmSchemeA' or 'fdmSchemeB', and the
UE isindicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-
RS port(s) within one CDM group in the DCI field ‘Antenna Port(s)', the UE shall receive asingle PT-RS port whichiis
associated with the lowest indexed DM-RS antenna port among the DM -RS antenna ports assigned for the PDSCH, a
PT-RS frequency density is determined by the number of PRBs associated to each TCI state, and a PT-RS resource
element mapping is associated to the allocated PRBs for each TCI state.

5.1.6.4 SRS reception procedure for CLI

The SRS resources defined in Clause 6.4.1.4 of [4, TS 38.211] may be configured for SRS-RSRP measurement for CLI,
asdefined in Clause 5.1.19 of [7, TS 38.215]. The UE is not expected to measure SRS-RSRP with a subcarrier spacing
other than the one configured for the active BWP confining the SRS resource. The UE is not expected to measure SRS-
RSRP using the SRS-RSRP measurement resource which is not fully confined within the DL active BWP. The UE is
not expected to measure more than 32 SRS resources, and the UE is not expected to receive more than 8 SRS resources
inadot.

5.1.6.5 PRS reception procedure

The UE can be configured with one or more DL PRS resource set configuration(s) as indicated by the higher layer
parameters NR-DL-PRS-ResourceSet and NR-DL-PRS-Resource as defined by Clause 6.4.3 [17, TS 37.355]. Each DL
PRS resource set consists of K>1 DL PRS resource(s) where each has an associated spatial transmission filter. The UE
can be configured with one or more DL PRS positioning frequency layer configuration(s) as indicated by the higher
layer parameter NR-DL-PRS-PositioningFrequencyLayer. A DL PRS positioning frequency layer is defined as a
collection of DL PRS resource sets which have common parameters configured by NR-DL-PRS
PositioningFrequencylLayer.

The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters
NR-DL-PRS-PositioningFrequencylLayer, NR-DL-PRS-ResourceSet and NR-DL-PRS-Resource.

A DL PRS positioning frequency layer is configured by NR-DL-PRS-PositioningFregquencylLayer, consists of one or
more DL PRS resource sets and it is defined by:

- dI-PRSSubcarrier Spacing defines the subcarrier spacing for the DL PRS resource. All DL PRS resources and
DL PRSresource setsin the same DL PRS positioning frequency layer have the same value of dI-PRS
Subcarrier Spacing. The supported values of dI-PRS-Subcarrier Spacing are given in Table 4.2-1 of [4,
TS38.211], excluding the value of 240kHz.

- dI-PRS-CyclicPrefix defines the cyclic prefix for the DL PRS resource. All DL PRS Resources and DL PRS
Resource sets in the same DL PRS positioning frequency layer have the same value of diI-PRS-CyclicPrefix. The
supported values of dI-PRS-CyclicPrefix are given in Table 4.2-1 of [4, TS38.211].

- dI-PRSPointA defines the absol ute frequency of the reference resource block. Its lowest subcarrier is also
known as Point A. All DL PRS resources belonging to the same DL PRS resource set have common Point A and
all DL PRS resources sets belonging to the same DL PRS positioning frequency layer have acommon Point A.

The UE expectsthat it will be configured with dI-PRS 1D each of which is defined such that it is associated with
multiple DL PRS resource sets. The UE expects that one of these dI-PRS-ID along with a nr-DL-PRS-Resour ceSet| D
and a nr-DL-PRS-Resourcel D-r16 can be used to uniquely identify aDL PRS resource.
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The UE may be configured by the network with nr-PhysCellID, nr-CellGloballD, and nr-ARFCN [17, TS 37.355]
associated with adl-PRS-ID.

- If nr-PhysCéllID or nr-CellGloballD is provided, and if nr-PhysCellID, nr-CellGlobalID and nr-ARFCN
associated with the dI-PRSID, if provided, are the same as the corresponding information of a serving cell, the
UE may assume that the DL PRS is transmitted from the serving cell;

- Otherwise, the UE may assume that the DL PRS s not transmitted from a serving cell.

If the UE assumes that the DL PRS is transmitted from a serving cell, and if the serving cell is the same as the serving
cell defined by the SS/PBCH block, the UE may assume that the DL PRS and the SS/PBCH block are transmitted from
the same serving cell.

If the UE assumes that the DL PRS is not transmitted from a serving cell, and if nr-PhysCellID is provided, and is the
same as physical cell ID of the SS/PBCH block from a non-serving cell of the same band as the DL PRS, the UE may
assume that the DL PRS and the SS/PBCH block are transmitted from the same non-serving cell.

A DL PRS resource set is configured by NR-DL-PRS-ResourceSet, consists of one or more DL PRS resourcesand it is
defined by:

- nr-DL-PRS-ResourceSetI D defines the identity of the DL PRS resource set configuration.

- dI-PRSPeriodicity-and-Resour ceSetS otOffset defines the DL PRS resource periodicity and takes values T €
21{4,5,8,10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} dots, whereu = 0,1, 2,3 for dI-
PRS-Subcarrier Spacing=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with
respect to SFNO dot 0. All the DL PRS resources within one DL PRS resource set are configured with the same
DL PRSresource periodicity. The UE does not expect that the product of DL PRS resource periodicity Tp"elis, the
higher layer parameter dl-prs-MutingBitRepetitionFactor and the size of the bitmap of dI-PRS-MutingOptionl
exceeds 2# x 10240, whereu = 0, 1, 2, 3 for dI-PRS Subcarrier Spacing=15, 30, 60 and 120 kHz respectively.

- dI-PRSResourceRepetitionFactor defines how many times each DL-PRS resource is repeated for asingle
instance of the DL-PRS resource set and takes values T,oy° € {1,2,4,6,8,16,32}. All the DL PRS resources within
one resource set have the same resource repetition factor.

- dI-PRS ResourceTimeGap defines the offset in number of slots between two repeated instances of aDL PRS
resource with the same nr-DL-PRS-Resourcel D within a single instance of the DL PRS resource set. The UE
only expects to be configured with dI-PRS ResourceTimeGap if diI-PRS-ResourceRepetitionFactor is configured
with value greater than 1. The time duration spanned by one instance of anr-DL-PRS ResourceSet is not
expected to exceed the configured value of DL PRS periodicity. All the DL PRS resources within one resource
set have the same value of dI-PRS-ResourceTimeGap.

- dI-PRSMutingOptionl and dI-PRS-MutingOption2 define the time locations where the DL PRS resourceis
expected to not be transmitted for a DL PRS resource set. If dI-PRS-MutingOptionl is configured, each bit in the
bitmap of dI-PRS-MutingOptionl corresponds to a configurable number provided by higher layer parameter dI-
prs-MutingBitRepetitionFactor of consecutive instances of a DL PRS resource set where al the DL PRS
resources within the set are muted for the instance that isindicated to be muted. The length of the bitmap can be
{2, 4,6, 8, 16, 32} bits. If dI-PRS-MutingOption2 is configured each bit in the bitmap of dI-PRS-MutingOption2
corresponds to a single repetition index for each of the DL PRS resources within each instance of anr-DL-PRS-
ResourceSet and the length of the bitmap is equal to the values of dI-PRS-Resour ceRepetitionFactor. Both dI-
PRS-MutingOptionl and dI-PRS-MutingOption2 may be configured at the same time in which case the logical
AND operation is applied to the bit maps as described in Clause 7.4.1.7.4 of [4, TS 38.211].

- NR-DL-PRS-SFNO-Offset defines the time offset of the SFNO slot O for the DL PRS resource set with respect to
SFNO dot 0 of reference provided by nr-DL-PRS-Referencel nfo.

- dI-PRS-ResourceList determines the DL PRS resources that are contained within one DL PRS resource set.

- dI-PRS-CombSzeN defines the comb size of aDL PRS resource where the allowable values are given in Clause
7.4.1.7.3 of [TS38.211]. All DL PRS resource sets belonging to the same DL PRS positioning frequency layer
have the same value of dI-PRS-CombSizeN.

- dI-PRS-ResourceBandwidth defines the number of resource blocks configured for DL PRS transmission. The
parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All DL PRS
resources sets within a DL PRS positioning frequency layer have the same value of dI-PRS-ResourceBandwidth.
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- dI-PRSSartPRB defines the starting PRB index of the DL PRS resource with respect to reference Point A,
where reference Point A is given by the higher-layer parameter diI-PRS-PointA. The starting PRB index has a
granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS resource
sets belonging to the same DL PRS positioning frequency layer have the same value of dI-PRS StartPRB.

- dI-PRS- NumSymbols defines the number of symbols of the DL PRS resource within a sot where the allowable
valuesare givenin Clause 7.4.1.7.3 of [4, TS38.211].

A DL PRS resource is defined by:

- nr-DL-PRS-Resourcel D determines the DL PRS resource configuration identity. All DL PRS resource IDs are
locally defined within a DL PRS resource set.

- dI-PRS Sequencel D is used to initialize cinit value used in pseudo random generator as described in Clause
7.4.1.7.2 of [4, TS 38.211] for generation of DL PRS sequence for a given DL PRS resource.

- dI-PRS-CombS zeN-AndReOffset defines the starting RE offset of the first symbol withinaDL PRS resourcein
frequency. Therelative RE offsets of the remaining symbols within a DL PRS resource are defined based on the
initial offset and the rule described in Clause 7.4.1.7.3 of [4, TS 38.211].

- dI-PRSResourceS otOffset determines the starting slot of the DL PRS resource with respect to corresponding
DL PRS resource set slot offset.

- dI-PRS ResourceSymbol Offset determines the starting symbol of a slot configured with the DL PRS resource.

- dI-PRS-QCL-Info defines any quasi co-location information of the DL PRS resource with other reference signals.
The DL PRS may be configured with QCL 'typeD' with a DL PRS associated with the same dI-PRSID, or with
rs-Type set to 'typeC', 'typeD’, or 'typeC-plus-typeD' with a SSYPBCH Block from a serving or non-serving cell.

- dI-PRS ResourcePrioritySubset defines a subset of DL-PRS resources for the DL PRS resource for the purpose
of prioritization of DL-AoD reporting.

The UE assumes constant EPRE is used for all REs of agiven DL PRS resource.

The UE may be indicated by the network that DL PRS resource(s) can be used as the reference for the DL RSTD, DL
PRS-RSRP, and UE Rx-Tx time difference measurements in a higher layer parameter nr-DL-PRS-Referencel nfo. The
reference indicated by the network to the UE can aso be used by the UE to determine how to apply higher layer
parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty. The UE expects the reference to be
indicated whenever it is expected to receive the DL PRS. This reference provided by nr-DL-PRS Referencelnfo may
include adl-PRS 1D, aDL PRS resource set ID, and optionally asingle DL PRS resource ID or alist of DL PRS
resource IDs[17, TS 37.355]. The UE may use different DL PRS resources or a different DL PRS resource set to
determine the reference for the RSTD measurement as long as the condition that the DL PRS resources used belong to a
single DL PRS resource set is met. If the UE chooses to use a different reference than indicated by the network, then it
is expected to report the dI-PRS-ID, the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the
reference.

The UE may be configured to report quality metrics NR-TimingQuality corresponding to the DL RSTD and UE Rx-Tx
time difference measurements which include the following fields:

- timingQualityValue which provides the best estimate of the uncertainty of the measurement
- timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.

The UE expects to be configured with higher layer parameter nr-DL-PRS-ExpectedRSTD, which defines the time
difference with respect to the received DL subframe timing the UE is expected to receive DL PRS, and nr-DL-PRS
ExpectedRSTD-Uncertainty, which defines a search window around the nr-DL-PRS-ExpectedRSTD.

For DL UE positioning measurement reporting in higher layer parameters NR-DL-TDOA-

SgnalMeasurementl nformation or NR-Multi-RTT-S gnal Measurementlnformation the UE can be configured to report
the DL PRS resource ID(s) or the DL PRS resource set 1D(s) associated with the DL PRS resource(s) or the DL PRS
resource set(s) which are used in determining the UE measurements DL RSTD, or UE Rx-Tx time difference,
respectively.
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For the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements the UE reports an associated higher
layer parameter nr-TimeStamp. The nr-TimeStamp can include the dI-PRS-1D, the SFN and the slot number for a
subcarrier spacing. These values correspond to the reference which is provided by nr-DL-PRS Referencel nfo.

The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from
the numerology of the active DL BWP if the measurement is made during a configured measurement gap. When the UE
is expected to measure the DL PRS resource, the UE may request a measurement gap via higher layer parameter NR-
PRS-MeasurementinfoList [12, TS 38.331] or as specified in clause 6.1.3.40 of [10, TS 38.321]. The UE may be
preconfigured with one or more measurement gaps each associated with an measPosPreConfigGapld. When the UE
requests activation or deactivation of a measurement gap as specified in clause 6.1.3.40 of [10, TS 38.321] it can

request one of the preconfigured measurement gaps by referring to the measPosPreConfigGapld. The UE may have one
of the preconfigured measurement gap(s) activated or deactivated as specified in clause 6.1.3.41 of [10, TS 38.321].

The UE assumes that the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from
the serving cell. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided
to the UE then the UE & so assumes that the DL PRS from a non-serving cell is not mapped to any symbol that contains
the SS/PBCH block of the same non-serving cell.

The UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of
dI-PRS D with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the
DL PRS configured for those dI-PRSID. If the UE is not configured to report with multiMeaslnSameReport-r17, the up
to 4 measurements being performed on the same pair of dI-PRS-ID and all DL RSTD measurementsin the same report
use asingle reference timing. If the UE is configured to report with multiMeaslnSameReport-r17, the up to 4
measurements being performed on the same pair of dI-PRS-ID and all DL RSTD measurements in the same
measurement instance of the same report use a single reference timing.

The UE may be configured to measure and report, subject to UE capability, up to 24 DL PRS-RSRP measurements on
DL PRS resources associated with the same dI-PRS1D. When the UE reports DL PRS-RSRP measurements from one
DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer
parameter nr-DL-PRS-RxBeamindex [17, TS 37.355] have been performed using the same spatial domain filter for
reception if for each nr-DL-PRS-RxBeamlndex reported there are at least 2 DL PRS-RSRP measurements associated
with it within the DL PRS resource set. When the UE reports DL PRS-RSRP measurements for aDL PRS resource, the
reported multiple DL PRS-RSRP measurements associated with the same or different higher layer parameter nr-DL-
PRS-RxBeamlndex may have the same or different timestamps. The UE may be configured to measure and optionally
report, subject to UE capability, up to 24 DL PRS RSRPP for the first detected path on DL PRS resources associated
with the same dI-PRSID.

The UE may be configured to optionally report adifferential DL RSRPP for a PRS resource with reference to [nr-DL-
PRS-FirstPathRSRP-Result] and/or a differential DL PRS RSRP with reference to [nr-DL-PRS-RSRP-Result] via higher
layer parameter [NR-DL-AoD-Additional MeasurementElement].

For each PRS resource, the UE may be configured, subject to UE capability, with dI-PRS-ResourcePrioritySubset that is
associated with this PRS resource, where the subset of PRS resources associated with the PRS resource can be in the
same or different PRS resource set than the PRS resource. The UE may include UE measurements for the subset of PRS
resources in NR-DL-AoD-Additional MeasurementElement if the UE measurements of the associated PRS resource are
reported, where the UE measurement can be DL PRS-RSRP and/or DL PRS-RSRPP. The UE may report DL PRS-
RSRP and/or DL PRS-RSRPP measurements only for the subset of PRS resources. Subject to UE capability, the UE
may be configured with boresight direction via higher layer parameter DL-PRS-Beaml nfoElement for each PRS
resource.

The UE may be provided with beam/antenna information via higher layer parameter NR-TRP-BeamAntennal nfo.

The UE may request to be provided with either expected DL-AoD/ZoD and uncertainty range(s) of expected DL-
AoD/ZoD, or expected DL-A0A/ZoA and uncertainty range(s) of the expected DL-A0A/ZoA. The UE may be provided
with expected DL-AoD/ZoD and uncertainty range(s) of the expected DL-AoD/ZoD. The UE may be provided with
expected DL-AOA/ZoA and uncertainty range(s) of the expected DL-A0A/ZOA. The uncertainty range(s) of the
expected DL-AoD/DL-A0A may be configured within [0, 60]. The uncertainty range(s) of expected DL-ZoD/DL-ZoA
may be configured within [0, 30].

The UE may be configured to measure and report, subject to UE capability, up to 4 UE Rx-Tx time difference
measurements corresponding to a single configured SRS resource or resource set for positioning. Each measurement
corresponds to a single received DL PRS resource or resource set which can bein different DL PRS positioning
frequency layers.
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The UE may be configured to measure and report via higher layer parameter additional Paths or additional PathsExt,
subject to UE capability, the timing and the quality metrics of up to 8 additional detected paths, that are associated with
each RSTD or UE Rx — Tx time difference. The timing of each additional path is reported relative to the path timing
used for determining nr-RSTD or nr-UE-RxXTXTimeDiff. For UE positioning measurement reporting in higher layer
parameters NR-DL-TDOA-S gnalMeasurementl nformation or NR-Multi-RTT-S gnal Measur ementl nfor mation, the UE
may be configured to measure and report, subject to UE capability, the DL PRS-RSRPP of the first path and the up to 8
additional pathsthat are associated with each RSTD or UE Rx — Tx time difference.

The UE may be requested, subject to UE capability, to measure and report one or more of the DL RSTD, DL PRS-
RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference measurements with either N,.,,,. or 4 samples, where N ;... =

lor2isasdefinedin[11, TS 38.133], viahigher layer parameter requestedDL-PRS-ProcessingSamples[17, TS
37.355] which applies for all DL PRS positioning frequency layers.

The UE may be requested, subject to UE capability, to report LoS/NLoS indicator(s) via higher layer parameter nr-los-
nlos-1ndicator Request. The UE can report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator
associated with each DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements. The UE can report
LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator associated with each dI-PRSID ina
measurement report. For the LoS/NL oS indicator(s) associated with DL RSTD, the UE may report one indicator
associated with the dI-PRSID indicated by higher layer parameter dI-PRS-Referencelnfo and one indicator associated
with the dI-PRSID of the DL RSTD measurement. A UE may be provided with LoS/NLoS indicator(s) via higher layer
parameter nr-los-nlos-Indicator, and it may be associated with each DL PRS resource of each configured dI-PRS-ID or
may be associated with each configured dI-PRS-ID. The values of the higher layer parameter LOS-NLOS-Indicator may
be soft values (0, 0.1, ..., 0.9, 1) or hard values (0, 1) with the values corresponding to the likelihood of LoS, with a
value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.

If the UE is configured with DL-PRS-QCL-Info and the QCL relation is between two DL PRS resources, then the UE
assumes those DL PRS resources are associated with the same dI-PRS-ID. If DL-PRS-QCL-Info is configured to the UE
with QCL set to 'type-D' with a source DL PRS resource then the nr-DL-PRS-ResourceSetld and the nr-DL-PRS-
Resourceld of the source DL PRS resource are expected to be indicated to the UE.

The UE is expected to measure the DL PRS outside the measurement gap, subject to UE capability, if the DL PRSis
inside the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing
window indicated by higher layer parameter DL-PPW-PreConfig. The UE is not expected to measure the DL PRS
outside the measurement gap if the expected received timing difference between the DL PRS from the non-serving cell
and that from the serving cell, determined by the higher layer parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS
ExpectedRSTD-Uncertainty, is larger than maximum Rx timing difference provided by UE capability. For receiving the
DL PRS outside the measurement gap and within the DL PRS processing window, the UE determinesthe DL PRS
priority asindicated by higher layer parameter priority subject to UE capability or asimplied by UE capability:

- with value 'st1' where the DL PRS is higher priority than all the DL signal/channels except SSB, or

- with value 'st2' where the DL PRS s lower priority than PDCCH and the PDSCH scheduled by DCI formats 1 1
or 1 2 with the priority indicator field in the corresponding DCI format set to 1, and is higher priority than other
DL signals/channels except SSB, or

- with value 'st3' where the DL PRS s lower priority than all the DL signals/channels except SSB.
Inside one DL-PPW-PreConfig the UE is only expected to measure asingle DL PRS positioning frequency layer.

When the UE is expected to measure the DL PRS outside the measurement gap in a configured PRS processing window
with typelA and if the DL PRS is determined to be higher priority than the DL signals and channelsinside the PRS
processing window, those DL signals and channels are not expected to be measured by the UE. When the UE is
expected to measure the DL PRS outside the measurement gap in a configured PRS processing window with typelB
and if the DL PRS is determined to be higher priority than the DL signals and channels inside the PRS processing
window, those DL signals and channels in the same band as the DL PRS are not expected to be measured by the UE.
When the UE is expected to measure the DL PRS outside the measurement gap in a configured PRS processing window
with type2 if the DL PRS s determined to be higher priority than the DL signals and channelsinside the PRS
processing window, those DL signals and channels from the impacted serving cells are not expected to be measured by
the UE on the overlapped symbols with the DL PRS, where impacted serving cells refer to the serving cell on which the
DL-PPW-PreConfig is configured for afrequency range 1 band, and all the serving cellsin the same band asthe DL
PRS for a frequency range 2 band.
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When the UE has an activated PRS processing window with typelA or typelB and the UE determines the presence of
other DL signals and channels, except SSB, of higher priority than the DL PRSin the PRS processing window no later
than N2 symbols, defined in clause 6.4 for the subcarrier spacing u of the DL PRS, before the first symbol of the PRS
processing window, the UE is expected to receive the other DL signals and channels and drop all PRS within the PRS
processing window. When the UE has an activated PRS processing window with type2 and the UE determines the
presence of other DL signals and channels, except SSB, of higher priority than the DL PRS on a symbol configured
with the DL PRS no later than N, symbols, defined in clause 6.4 for the subcarrier spacing u of the DL PRS, before the
DL PRS symbol, the UE is expected to receive the other DL signals and channels and drop the DL PRS symbol.

When the UE has an activated PRS processing window with typelA or typelB and the UE determines the presence of
other DL signals and channels, except SSB, of higher priority than the DL PRS in the PRS processing window later
than N2 symbols, defined in clause 6.4 for the subcarrier spacing u of the DL PRS, before the first symbol of the PRS
processing window, the UE is not required to receive the other DL signals and channels and may receive the DL PRS
and consider the DL PRS as higher priority in the PRS processing window. When the UE has an activated PRS
processing window with type2 and the UE determines the presence of other DL signal's and channels, except SSB, of
higher priority than the DL PRS on a symbol configured with the DL PRS later than N> symbols, defined in clause 6.4
for the subcarrier spacing u of the DL PRS, before the DL PRS symboals, the UE is not required to receive the other DL
signals and channels and may receive the DL PRS symbol and consider the DL PRS as higher priority in that symbol.

Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for
measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-Referencel nfo being the highest
priority for measurement, and the following priority is assumed:

- Upto 64 NR-SelectedDL-PRS IndexPer TRP of the DL PRS positioning frequency layer are sorted according to
priority if nr-SelectedDL-PRS-IndexListPerFreq is provided, or up to 64 NR-DL-PRS-AssistanceDataPer TRP of
the frequency layer are sorted according to priority otherwise;

- Upto 2 DL-SelectedPRS-Resour ceSetlndex per dI-PRSID of the DL PRS positioning frequency layer are sorted
according to priority if dl-SelectedPRS-ResourceSetindexList is provided, or up to 2 NR-DL-PRS-Resour ceSet
per dI-PRSID of the DL PRS positioning frequency layer are sorted according to priority otherwise.

The UE DL PRS processing capability isdefined in [TS 37.355]. For the purpose of DL PRS processing capability, the
duration K msec of DL PRS symbols within P msec window, is calculated by

- Type 1 duration calculation with UE symbol level buffering capability

K=ZKS

SES a
— en start
Ks - Ts - Ts

- Type 2 duration calculation with UE dlot level buffering capability
_ 1
K= 2—u|5|

- Sisthe set of dots based on the numerology of the DL PRS of a serving cell within the P msec window in the
positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-
ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets.

- For Typel, [TSSta“, T;*“d] isthe smallest interval in msec within slot s corresponding to an integer number of
OFDM symbols based on the numerology of the DL PRS of a serving cell that covers the union of the potential
PRS symbols and determines the PRS symbol occupancy within slot s, where the interval [T;ta”, Tse“d]
considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS ExpectedRSTD-Uncertainty provided for each pair
of DL PRS resource sets (target and reference).

- For Type 2, u isthe numerology of the DL PRS, and |S| isthe cardinality of the set S.

The UE may be configured to report one or more measurement instances, each with its own timestamp, on DL RSTD,
DL PRS-RSRP, and/or UE Rx-Tx time difference measurements, in a single measurement report.

Timing Error Group(s) (TEG(s)) at UE side are defined:

- UE Rx TEG isassociated with one or more DL measurements, which have the Rx timing error difference within
acertain margin.
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- UE RXTx TEG is associated with one or more UE Rx-Tx time difference measurements, which have the 'Rx
timing errors+Tx timing errors' difference within a certain margin.

The UE may be configured to report, subject to UE capability, via high layer parameter nr-UE-RXTEG-Request, the
association information of DL RSTD measurement(s) with UE Rx TEG(s) via higher layer parameter nr-UE-Rx-TEG-
ID when the UE reports the DL RSTD measurement(s). The UE may report up to 4 RSTD measurements associated
with different DL PRS resources per UE Rx TEG per dI-PRSID.

The UE may report aUE Rx TEG ID via higher layer parameter nr-UE-Rx-TEG-ID for aRSTD reference time dI-PRS
Referencelnfo and a UE Rx TEG ID for each DL RSTD measurement, where the DL RSTD can be DL RSTD
measurement in NR-DL-TDOA-MeasElement and/or NR-DL-TDOA-Additional MeasurementElement.

The UE may be configured to measure and report, via high layer parameter measureSameDL-PRS
ResourceWithDifferentRXTEGSs subject to UE capability, RSTD measurements on a PRS resource associated with adl-
PRSID using up to 8 different UE Rx TEGs with the same dI-PRS-Referencelnfo. The higher layer parameter
measureSameDL-PRS-ResourceWithDifferentRXTEGs appliesto all DL PRS positioning frequency layers.

The UE may be provided with association information of DL PRS resource(s) with Tx TEGs via higher layer parameter
dl-prs-trp-Tx-TEG-1D for adl-PRSID.

The UE may be configured to report, via high layer parameter nr-UE-RXTXTEG-Request, subject to UE capability, the
association information of UE Rx-Tx time difference measurement(s) with UE RxTx TEG(S) via higher layer parameter
nr-UE-RXTX-TEG-ID. The UE may report up to 4 UE Rx-Tx time difference measurements associated with different
DL PRS resources per UE RxTx TEG per dI-PRSID.

The UE may be configured to report, via high layer parameter nr-UE-RXTXTEG-Request, subject to UE capability, the
association information of UE Rx-Tx time difference measurement(s) with the UE Rx TEG(s) and UE Tx TEG(s) via
the higher layer parameters of nr-UE-Rx-TEG-ID, and nr-UE-Tx-TEG-Index. The UE may report up to 4 UE Rx-Tx
time difference measurements associated with different DL PRS resources per UE Rx TEG per dI-PRSID.

The UE may be configured to measure and report, via high layer parameter measureSameDL-PRS
ResourceWithDifferentRXTEGS subject to UE capability, UE Rx-Tx time difference measurements on a PRS resource
associated with adl-PRS 1D using up to 8 different UE Rx TEGs. The high layer parameter measureSameDL-PRS-
ResourceWithDifferentRXTEGs appliesto al DL PRS positioning frequency layers.

The UE may be configured to measure and report, via high layer parameter measureSameDL-PRS
ResourceWithDifferentRXTXTEGs subject to UE capability, UE Rx-Tx time difference measurements with the sasme UE
Tx TEG using up to 8 different UE RxTx TEGs. The high layer parameter measureSameDL-PRS-
ResourceWithDifferentRXTXTEGs appliesto all DL PRS positioning frequency layers.

The UE in RRC_INACTIVE mode is expected to prioritize the reception of any other DL signals and DL channels than
the reception of DL PRS.

The UE in RRC_INACTIVE mode, subject to UE capability, is expected to process DL PRS outside or inside of the
initial DL BWP. For DL PRS processing outside of the initial DL BWP, the UE may be configured with the same or
different numerology and CP for PRS resources than those of theinitial DL BWP. For DL PRS processing inside of the
initial DL BWP, the UE is configured with the same numerology and CP for PRS resources as those of theinitial DL
BWP.

For a UE configured with preconfigured Measurement gap(s) for Positioning, when the UE receives an activation
command, as described in clause 6.1.3.41 of [10, TS 38.321], for a preconfigured Measurement Gap for Positioning
activation/deactivation, and when the UE would transmit a PUCCH with HARQ-ACK informationin slot n
corresponding to the PDSCH carrying the command, the corresponding actionsin [10, TS 38.321] and the UE

assumptions shall be applied starting from the first slot that is after slot n + 3N“2/"*™** where u is the SCS
configuration for the PUCCH.

For a UE configured with PRS Processing Window(s), when the UE receives an activation/deactivation command, as
described in clause 6.1.3.42 of [10, TS 38.321], for a PRS processing window activation, and when the UE would
transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the command, the
corresponding actionsin [10, TS 38.321] and the UE assumptions shall be applied starting from the first slot that is after

slot n + 3N/ MM where 1 i's the SCS configuration for the PUCCH. The UE is not expected to be indicated with
more than 4 activated PRS processing windows by higher layer parameter DL-PPW-PreConfig across al active DL
BWHPs and is not expected to be indicated with the activated PRS processing windows DL-PPW-PreConfig that overlap

intime.
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5.1.7 Code block group based PDSCH transmission

5.1.7.1 UE procedure for grouping of code blocks to code block groups

If aUE is configured to receive code block group (CBG) based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission for PDSCH, the UE shall determine the number of CBGs for a transport block reception
as

M =min(N,C),

where N is the maximum number of CBGs per transport block as configured by
maxCodeBlockGroupsPer TransportBlock for PDSCH, and C is the number of code blocksin the transport block
according to the procedure defined in Clause 7.2.3 of [5, TS 38.212].

Define M, = mod(C,M ), Kl:{%w,and K, :L%J

If M; >0,CBGmM, m=01,...,M; —1, consists of code blocks withindices m-K, +k,k=01,..., K; -1.CBG m,
m=M,,M, +1..,M -1, consists of code blocks with indices M, - K, +(m-M,)-K, +k,k =01,..., K, 1.

5.1.7.2 UE procedure for receiving code block group based transmissions

If aUE is configured to receive code block group-based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission for PDSCH,

- The'CBG transmission information' (CBGT]) field of DCI format 1_1isof length Nyz - N bits, where N;g is
the value of the higher layer parameter maxNrofCodeWordsScheduledByDCI. If Nz = 2 the CBGTI field bits
are mapped such that the first set of N bits starting from the MSB correspondsto the first TB while the second
set of N hits correspondsto a second TB, if scheduled. Thefirst M bits of each set of N bitsin the CBGTI field
have an in-order one-to-one mapping with the M CBGs of the TB, with the M SB mapped to CBG#0.

- Forinitial transmission of a TB as indicated by the 'New Data Indicator’ field of the scheduling DCI, the UE
may assume that all the code block groups of the TB are present.

- For aretransmission of a TB asindicated by the 'New Data Indicator' field of the scheduling DCI, the UE may
assume that

- The'CBGTI' field of the scheduling DCI indicates which CBGs of the TB are present in the transmission. A
bit value of '0" in the CBGTI field indicates that the corresponding CBG is not transmitted and 1" indicates
that it is transmitted.

- If the 'CBG flushing out information' (CBGFI) field of the scheduling DCI is present, 'CBGFI" set to 'O’
indicates that the earlier received instances of the same CBGs being transmitted may be corrupted, and
'CBGFI" set to '1' indicates that the CBGs being retransmitted are combinable with the earlier received
instances of the same CBGs.

- A CBG contains the same CBs asin the initial transmission of the TB.

5.2 UE procedure for reporting channel state information (CSl)

521 Channel state information framework

The procedures on aperiodic CSl reporting described in this clause assume that the CSl reporting is triggered by DCI
format 0_1, but they equally apply to CSI reporting triggered by DCI format 0_2, by applying the higher layer
parameter reportTrigger SzeDCI-0-2 instead of reportTrigger Sze.

The time and frequency resources that can be used by the UE to report CSl are controlled by the gNB. CSI may consist
of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH
Block Resource indicator (SSBRI), layer indicator (L1), rank indicator (RI), L1-RSRP, L1-SINR or

Capability[ Set]Index.
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For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, L1-SINR, Capability[Set]Index a UE is configured by higher layers with
N>1 CS-ReportConfig Reporting Settings, M>1 CS-ResourceConfig Resource Settings, and one or two list(s) of
trigger states (given by the higher layer parameters CS-AperiodicTrigger Statelist and CS-SemiPersistentOnPUSCH-
Trigger StateList). Each trigger state in CSl-AperiodicTrigger Satelist contains alist of associated CS-ReportConfigs
indicating the Resource Set IDs for channel and optionally for interference. Each trigger statein CSl-
SemiPersistentOnPUSCH-Trigger Statelist contains one associated CS-ReportConfig.

5.21.1 Reporting settings

Each Reporting Setting CS -ReportConfig is associated with a single downlink BWP (indicated by higher layer
parameter BWP-1d) given in the associated CS-ResourceConfig for channel measurement and contains the parameter(s)
for one CSI reporting band: codebook configuration including codebook subset restriction, time-domain behavior,
frequency granularity for CQI and PMI, measurement restriction configurations, and the CSl-related quantities to be
reported by the UE such asthe layer indicator (L1), L1-RSRP, L1-SINR, CRI, and SSBRI (SSB Resource Indicator) and
Capability[ Set]Index.

The time domain behavior of the CS-ReportConfig isindicated by the higher layer parameter reportConfigType and
can be set to 'aperiodic’, 'semiPersistentONPUCCH', 'semiPersistentOnPUSCH', or ‘periodic'. For 'periodic' and

‘semi Persi stentOnPUCCH'/'semi Persi stentOnPUSCH' CSl reporting, the configured periodicity and slot offset appliesin
the numerology of the UL BWP in which the CSl report is configured to be transmitted on. The higher layer parameter
reportQuantity indicates the CSl-related, L1-RSRP-related, L1-SINR-related or Capability[Set]Index-related quantities
to report. The reportFreqConfiguration indicates the reporting granularity in the frequency domain, including the CSI
reporting band and if PMI/CQI reporting is wideband or sub-band. The timeRestrictionFor Channel Measurements
parameter in CS-ReportConfig can be configured to enable time domain restriction for channel measurements and
timeRestrictionFor I nterferenceMeasurements can be configured to enable time domain restriction for interference
measurements. The CSl-ReportConfig can aso contain CodebookConfig, which contains configuration parameters for
Type-l, Typell, Enhanced Type Il CSl, or Further Enhanced Type |l Port Selection including codebook subset
restriction when applicable, and configurations of group-based reporting.

5.2.1.2 Resource settings

Each CSI Resource Setting CSl-ResourceConfig contains a configuration of alist of S>1 CSI Resource Sets (given by
higher layer parameter csi-RS-ResourceSetList), where the list is comprised of referencesto either or both of NZP CSI-
RS resource set(s) and SS/PBCH block set(s) or the list is comprised of referencesto CSI-IM resource set(s). Each CS
Resource Setting is located in the DL BWP identified by the higher layer parameter BWP-id, and all CSl Resource
Settings linked to a CSI Report Setting have the same DL BWP.

The time domain behavior of the CSI-RS resources within a CSlI Resource Setting are indicated by the higher layer
parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI
Resource Settings, when the UE is configured with groupBasedBeamReporting-r17, the number of CSI Resource Sets
configured is S=2, otherwise the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-
persistent CSl Resource Settings, the configured periodicity and dot offset is given in the numerology of its associated
DL BWHP, as given by BWP-id. When a UE is configured with multiple CS-ResourceConfigs consisting the same NZP
CSI-RSresource ID, the same time domain behavior shall be configured for the CS-ResourceConfigs. When aUE is
configured with multiple CS-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain
behavior shall be configured for the CSl-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting
shall have the same time domain behavior.

The following are configured via higher layer signaling for one or more CSl Resource Settings for channel and
interference measurement:

- CSI-IM resource for interference measurement as described in Clause 5.2.2.4.
- NZP CSI-RS resource for interference measurement as described in Clause 5.2.2.3.1.
- NZP CSI-RS resource for channel measurement as described in Clause 5.2.2.3.1.

The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for
interference measurement configured for one CSl reporting are resource-wise QCLed with respect to 'typeD'. When
NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for
channel measurement and the CSI- IM resource or NZP CSI-RS resource(s) for interference measurement configured
for one CSI reporting are QCLed with respect to ‘typeD'.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 68 ETSI TS 138 214 V17.3.0 (2022-09)

For L1-SINR measurement:

When one Resource Setting is configured, the Resource Setting (given by higher layer parameter

resour cesFor Channel Measurement) is for channel and interference measurement on NZP CSI-RS for L1-SINR
computation. UE may assume that same 1 port NZP CSI-RS resource(s) with density 3 RES/RB is used for both
channel and interference measurements.

When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter
resourcesFor ChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one
(given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CS-RS
ResourcesForInterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with
density 3 RES/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one
CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP
CSI-RS resource for channel measurement and CSI-IM resource or NZP CSI-RS resource for interference
measurement in the corresponding resource sets. The number of SSB(s) or CSI-RS resources for channel
measurement equal s to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference
measurement.

- UE may apply the SSB, or 'typeD' RS configured with qcl-Type set to 'typeD' to the NZP CSI-RS resource
for channel measurement, as the reference RS for determining 'typeD' assumption for the corresponding CSI-
IM resource or the corresponding NZP CSI-RS resource for interference measurement configured for one
CSl reporting.

- UE may expect that the NZP CSI-RS resource set for channel measurement and the NZP-CSI-RS resource
set for interference measurement, if any, are configured with the higher layer parameter repetition.

5.2.1.3 (void)

5.2.1.4 Reporting configurations

The UE shall calculate CSI parameters (if reported) assuming the following dependencies between CS| parameters (if
reported)

L1 shall be calculated conditioned on the reported CQI, PMI, Rl and CRI
CQI shall be calculated conditioned on the reported PMI, Rl and CRI
PMI shall be calculated conditioned on the reported RI and CRI

RI shall be calculated conditioned on the reported CRI.

The Reporting configuration for CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persi stent
(using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic.
Table 5.2.1.4-1 shows the supported combinations of CSl Reporting configurations and CSI-RS Resource
configurations and how the CSI Reporting is triggered for each CSI-RS Resource configuration. Periodic CSI-RSis
configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Clause 5.2.1.5.2.
Aperiodic CSI-RSis configured and triggered/activated as described in Clause 5.2.1.5.1.
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Table 5.2.1.4-1: Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations.

CSI-RS Configuration

Periodic CSI Reporting

Semi-Persistent CSI
Reporting

Aperiodic CSI Reporting

Periodic CSI-RS

No dynamic
triggering/activation

For reporting on PUCCH,
the UE receives an
activation command, as
described in clause
6.1.3.16 of [10, TS
38.321]; for reporting on
PUSCH, the UE receives
triggering on DCI

Triggered by DCI;
additionally, subselection
indication as described in
clause 6.1.3.13 of [10, TS
38.321] possible as
defined in Clause
5.2.1.5.1.

Semi-Persistent CSI-RS Not Supported For reporting on PUCCH, Triggered by DCI;
the UE receives an additionally, subselection
activation command, as indication as described in
described in clause clause 6.1.3.13 of [10, TS
6.1.3.16 of [10, TS 38.321] possible as
38.321]; for reporting on defined in Clause
PUSCH, the UE receives 5.2.1.5.1.
triggering on DCI

Aperiodic CSI-RS Not Supported Not Supported Triggered by DCI;

additionally, subselection
indication as described in
clause 6.1.3.13 of [10, TS
38.321] possible as
defined in Clause
5.2.15.1.

When the UE is configured with higher layer parameter NZP-CSl-RS-ResourceSet and when the higher layer parameter
repetition is set to 'off’, the UE shall determine a CRI from the supported set of CRI values as defined in Clause
6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter repetition for a
CSI-RS Resource Set for channel measurement is set to ‘on’, CRI for the CSI-RS Resource Set for channel measurement
is not reported. CRI reporting is not supported when the higher layer parameter codebookType is set to 'typell', 'typel |-
PortSelection’, 'typell-r16', to 'typel |-PortSelection-r16', or 'typelI-PortSelection-r17'.

For a periodic or semi-persistent CSI report on PUCCH, the periodicity T,s; (measured in slots) and the dlot offset
Ty rser @€ configured by the higher layer parameter reportSotConfig. Unless specified otherwise, the UE shall transmit

the CSl report in frames with SFN ns and slot number within the frame néf ; satisfying

frame,u
(Nslot

Ny + ng,f - Toffset)mOd Tes1 =0
where u isthe SCS configuration of the UL BWP the CSI report is transmitted on.

For a semi-persistent CSI report on PUSCH, the periodicity T,s, (measured in dots) is configured by the higher layer
parameter reportSotConfig. Unless specified otherwise, the UE shall transmit the CSI report in frames with SEFN ny and

slot number within the frame n{ . satisfying

( Nframe.u (nf _ n;tart) +n*

start —
slot sf Nsf )mOd Tesi =0

where n**"* and n$#™ are the SFN and slot number within the frame respectively of the initial semi-persistent PUSCH
transmission according to the activating DCI.

For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured by the following higher
layer parameters.

- if triggered/activated by DCI format 0_2 and the higher layer parameter reportSotOffsetListDCI-0-2 is
configured, the allowed slot offsets are configured by reportSotOffsetListDCI-0-2, and

- if triggered/activated by DCI format 0_1 and the higher layer parameter reportSotOffsetListDCI-0-1 is
configured, the allowed slot offsets are configured by reportSotOffsetListDCI-0-1, and

- otherwise, the allowed slot offsets are configured by the higher layer parameter reportSotOffsetList.

The offset is selected in the activating/triggering DCI.
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For CSl reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where
asubband is defined as NSE, contiguous PRBs and depends on the total number of PRBs in the bandwidth part

according to Table 5.2.1.4-2.

Table 5.2.1.4-2: Configurable subband sizes

Bandwidth part (PRBSs) Subband size (PRBs)
24-72 4,8
73-144 8, 16
145-275 16, 32

The reportFregConfiguration contained in a CS-ReportConfig indicates the frequency granularity of the CSI Report. A
CSl Reporting Setting configuration defines a CSl reporting band as a subset of subbands of the bandwidth part, where
the reportFreqConfiguration indicates:

A CSl

the csi-ReportingBand as a contiguous or non-contiguous subset of subbands in the bandwidth part for which
CSl shall be reported.

- A UEisnot expected to be configured with csi-ReportingBand which contains a subband where a CSI-RS
resource linked to the CSI Report setting has the frequency density of each CSI-RS port per PRB in the
subband less than the configured density of the CSI-RS resource.

- IfaCSl-IM resourceislinked to the CSI Report Setting, a UE is not expected to be configured with csi-
ReportingBand which contains a subband where not all PRBs in the subband have the CSI-IM REs present.

wideband CQI or subband CQI reporting, as configured by the higher layer parameter cqi-Formatlndicator.
When wideband CQI reporting is configured, a wideband CQI is reported for each codeword for the entire CS|
reporting band. When subband CQI reporting is configured, one CQI for each codeword is reported for each
subband in the CS| reporting band.

wideband PMI or subband PMI reporting as configured by the higher layer parameter pmi-Formatlindicator.
When wideband PMI reporting is configured, awideband PMI is reported for the entire CSl reporting band.
When subband PMI reporting is configured, except with 2 antenna ports, a single wideband indication (i1 in
Clause 5.2.2.2) isreported for the entire CSI reporting band and one subband indication (i in clause 5.2.2.2) is
reported for each subband in the CSI reporting band. When subband PMI s are configured with 2 antenna ports, a
PMI is reported for each subband in the CSI reporting band.

- aUE isnot expected to be configured with pmi-Formatindicator if codebookTypeis set to ‘typell-r16' or
'typel |-PortSelection-r16' or ‘typell-PortSelection-r17'.

Reporting Setting is said to have a wideband frequency-granularity if

reportQuantity is set to ‘cri-RI-PMI1-CQI', or ‘cri-RI-LI-PMI-CQI", cqgi-Formatindicator is set to 'widebandCQI'
and pmi-Formatindicator is set to 'widebandPMI', or

reportQuantity is set to ‘cri-RI-PMI-CQI', or ‘cri-RI-LI1-PMI-CQI', codebookType is set to ‘typel I-PortSel ection-
r17' with M = 1 and cqi-Formatindicator is set to ‘widebandCQI', or

reportQuantity is set to ‘cri-RI-i1' or
reportQuantity is set to ‘cri-RI-CQI" or ‘cri-RI-i1-CQI" and cgi-Formatindicator is set to ‘widebandCQl', or
reportQuantity is set to ‘cri-RSRP' or 'ssh-Index-RSRP' or ‘cri-SINR', or 'ssh-Index-SINR' or ‘cri-RSRP-

Capabilitylndex' or 'ssh-1ndex-RSRP-Capabilityl ndex' or 'cri-SINR-Capabilitylndex’, or 'ssb-Index-SINR-
Capabilityl ndex'

otherwise, the CSI Reporting Setting is said to have a subband frequency-granularity.

A CS

Reporting Setting with codebookType set to 'typel -SinglePanel' and the corresponding CSI-RS Resource Set for

channel measurement configured with two Resource Groups and N Resource Pairs, as described in clause 5.2.1.4.1, can
be configured with wideband frequency-granularity only if csi-ReportMode is set to 'Model' and number OfSingleTRP-
CS-Model issetto X = 0, asdescribed in clause 5.2.1.4.2.
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If the UE is configured with a CSl Reporting Setting for a bandwidth part with fewer than 24 PRBs, the CSI reporting
setting is expected to have a wideband frequency-granularity, and, if applicable, the higher layer parameter
codebookType is set to 'typel -SinglePanel".

The first subband size s given by Ni ~( N, MdNS, ) and the last subband size given by (Nis, +Nir, ) modNg, if

(NS, +Nom ) modN, #0 and &, if (N, + N, ) modNG, =0
If aUE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and NZP CSI-RS
resources are configured as periodic or semi-persistent. If a UE is configured with aperiodic CSI reporting, the UE shall
report CSI when both CSI-IM and NZP CSI-RS resources are configured as periodic, semi-persistent or aperiodic.

A UE configured with DCI format 0_1 or 0_2 does not expect to be triggered with multiple CSI reports with the same
C3-ReportConfigld.

5.2.1.4.1 Resource Setting configuration

For aperiodic CSl, each trigger state configured using the higher layer parameter CS-AperiodicTrigger State is
associated with one or multiple CSl-ReportConfig where the CSl-ReportConfig not configured with
groupBasedBeamReporting-r17 islinked to periodic, or semi-persistent, or aperiodic resource setting(s):

- When one Resource Setting is configured, the Resource Setting (given by higher layer parameter
resour cesFor ChannelMeasurement) is for channel measurement for L1-RSRP or for channel and interference
measurement for L1-SINR computation.

- When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter
resourcesFor ChannelMeasurement) is for channel measurement and the second one (given by either higher layer
parameter csi-1M-ResourcesForlnterference or higher layer parameter nzp-CS-RS-ResourcesForInterference) is
for interference measurement performed on CSI-IM or on NZP CSI-RS.

- When three Resource Settings are configured, the first Resource Setting (higher layer parameter
resour cesFor ChannelMeasurement) is for channel measurement, the second one (given by higher layer
parameter csi-1M-ResourcesForlnterference) isfor CSI-IM based interference measurement and the third one
(given by higher layer parameter nzp-CS -RS-ResourcesForInterference) isfor NZP CSI-RS based interference
measurement.

For aperiodic CSl, and for periodic and semi-persistent CSI resource settings, each trigger state configured using the
higher layer parameter CS-AperiodicTrigger State is associated with one or multiple CS-ReportConfig where the CSl -
ReportConfig configured with groupBasedBeamReporting-r17 is linked to periodic or semi-persistent, setting(s):

- When one Resource Setting is configured, the Resource setting is given by resour cesk-or Channel Measurement
for L1-RSRP measurement. In such a case, the number of configured CSI Resource Sets in the Resource Setting
isS=2

For aperiodic CSl, and for aperiodic CSI resource settings, each trigger state configured using the higher layer
parameter CSl-AperiodicTrigger Sate is associated with one or multiple CSl-ReportConfig where the CS-ReportConfig
configured with groupBasedBeamReporting-r17 is associated with resourcesk-orChannel and resour cesFor Channel 2,
which correspond to first and second resource sets, respectively, for L1-RSRP measurement.

For semi-persistent or periodic CSl, each CSl-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):

- When one Resource Setting (given by higher layer parameter resourcesFor Channel Measurement) is configured,
the Resource Setting is for channel measurement for L1-RSRP or for channel and interference measurement for
L1-SINR computation.

- When two Resource Settings are configured, the first Resource Setting (given by higher layer parameter
resour cesFor ChannelMeasurement) is for channel measurement and the second Resource Setting (given by
higher layer parameter csi-IM-ResourcesForInterference) is used for interference measurement performed on
CSI-IM. For L1-SINR computation, the second Resource Setting (given by higher layer parameter csi-IM-
Resour cesFor | nterference or higher layer parameter nzp-CS-RS-ResourceFor | nterference) is used for
interference measurement performed on CSI-IM or on NZP CSI-RS.
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A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for
a C3-ReportConfig with the higher layer parameter codebookType set to 'typelI', 'typel I-PortSelection', 'typel1-r16',
'typel I-PortSelection-r16', or 'typel |-PortSelection-r17'. A UE is not expected to be configured with more than 64 NZP
CSI-RS resources and/or SS/PBCH block resources in resource setting for channel measurement for a CSl-
ReportConfig with the higher layer parameter reportQuantity set to 'none', ‘cri-RI-CQI', ‘cri-RSRP', 'ssb-Index-RSRP,
‘cri-SINR' or 'ssb-Index-SINR', "cri-RSRP-Capability[ Set]Index’, 'ssh-Index-RSRP-Capahility[ Set] I ndex’, ‘cri-SINR-
Capability[ Set]Index’ or 'ssh-1ndex-SINR-Capability[ Set]Index'. If interference measurement is performed on CSI-1M,
each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of
the CSI-RS resource and CSI-IM resource in the corresponding resource sets. The number of CSI-RS resources for
channel measurement equals to the number of CSI-IM resources.

An NZP CSI-RS Resource Set for channel measurement with 2 < K < 8 resources can be configured with two
Resource Groups, with K; = 1 resourcesin Group 1 and K, > 1 resourcesin Group 2, such that K; + K, = K, and
with N € {1,2} Resource Pairs. Each Resource Pair consists of one resource from Group 1 and one resource from
Group 2. The same resource can be associated with two Resource Pairsin frequency range 1 but not in frequency range
2.

Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured
with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel
measurement. Except for L1-SINR, the UE configured with the higher layer parameter nzp-CS-RS
ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.

For CSl measurement(s) other than L1-SINR, a UE assumes:

- each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission
layer.

- dl interference transmission layers on NZP CSI-RS ports for interference measurement take into account the
associated EPRE ratios configured in 5.2.2.3.1;

- other interference signa on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for
interference measurement, or CSI-IM resource for interference measurement.

For L1-SINR measurement with dedicated interference measurement resources, a UE assumes:

- thetotal received power on dedicated NZP CSI-RS resource for interference measurement or dedicated CSI-1M
resource for interference measurement corresponds to interference and noise.

5.2.1.4.2 Report Quantity Configurations

A UE may be configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to either 'none’,
‘cri-RI-PMI-CQI ', ‘cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', ‘cri-RSRP, ‘cri-SINR', 'ssb-Index-RSRP', 'ssb-Index-SINR',
‘cri-RI-LI-PMI-CQI'", 'cri-RSRP-Capability[ Set] Index’, 'ssh-1ndex-RSRP-Capability[ Set] Index’, ‘cri-SINR-
Capability[Set]Index’ or 'ssb-Index-SINR-Capability[ Set]Index'.

If the UE is configured with a CS-ReportConfig with the higher layer parameter reportQuantity set to 'none’, then the
UE shall not report any quantity for the CS-ReportConfig.

If the UE is configured with a CS-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-PMI-
CQI', or ‘cri-RI-LI-PMI-CQI', the UE shall report a preferred precoder matrix for the entire reporting band, or a
preferred precoder matrix per subband, according to Clause 5.2.2.2.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-i1',

- the UE expects, for that CS-ReportConfig, to be configured with higher layer parameter codebookType set to
‘typel-SinglePanel’ and pmi-Formatindicator set to ‘widebandPMI' and,

- the UE shdll report a PMI consisting of asingle wideband indication (i, in Clause 5.2.2.2.1) for the entire CS|
reporting band.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-i1-CQI',

- the UE expects, for that CS-ReportConfig, to be configured with higher layer parameter codebookType set to
'typel-SinglePanel' and pmi-Formatindicator set to ‘'widebandPMI' and,
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the UE shall report a PMI consisting of a single wideband indication (i, in Clause 5.2.2.2.1) for the entire CS|
reporting band. The CQI is calculated conditioned on the reported i, assuming PDSCH transmission with N o1

precoders (corresponding to the same i, but different i, in Clause 5.2.2.2.1), where the UE assumes that one
precoder is randomly selected from the set of N o precoders for each PRG on PDSCH, where the PRG size for

CQI calculationis configured by the higher layer parameter pdsch-BundleSizeForCSl.

If the UE is configured with a CS -ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-CQI',

if the UE is configured with higher layer parameter non-PMI-PortIndication contained in a CS-ReportConfig, r
ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting
islinked to the CS-ReportConfig based on the order of the associated NZP-CS-RS-Resourceld in the linked CS
resource setting for channel measurement given by higher layer parameter resour cesFor Channel Measurement.
The configured higher layer parameter non-PMI-PortIndication contains a sequence

pél), p(()z), p{z), p(3), pf’), pgg’),..., (()R), p§R),...,pgj)l of port indices, where p{” ..., p(} arethe CSI-RS port
indices associated with rank v and Re {1,2,...,P} wherePe {1,2,4,8} isthe number of portsin the CSI-RS

resource. The UE shall only report RI corresponding to the configured fields of PortlndexFor8Ranks.

if the UE is not configured with higher layer parameter non-PMI-PortIndication, the UE assumes, for each CSI-
RS resource in the CSI resource setting linked to the CSl-ReportConfig, that the CSI-RS port indices
p$,..., p®) = {0,...,v —1} areassociated withranks v=1,2,...,P where Pe {1,2,4,8} isthe number of portsin

the CSI-RS resource.

When calculating the CQI for arank, the UE shall use the portsindicated for that rank for the selected CSI-RS
1

W

resource. The precoder for the indicated ports shall be assumed to be the identity matrix scaled by

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RSRP, 'ssb-
Index-RSRP, 'cri-RSRP-Capability[ Set]Index' or 'ssb-Index-RSRP-Capability[ Set]Index’,

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘disabled’, the UE is
not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in
asingle report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘enabled’, the UE is not
required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall reportina
single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB
resources can be received simultaneously by the UE either with asingle spatial domain receive filter, or with
multiple simultaneous spatial domain receive filters.

if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE is not required
to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in asingle
reporting instance nrofReportedRSgroup, if configured, group(s) of two CRIs or SSBRIs selecting one CSI-RS
or SSB from each of the two CS| Resource Sets for the report setting, where CSI-RS and/or SSB resources of
each group can be received simultaneously by the UE.

If the UE is configured with a CS-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-SINR', 'ssb-
Index-SINR, "cri-SINR-Capability[ Set] Index' or 'ssb-1ndex-SINR-Capability[ Set] Index’,

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘disabled’, the UE shall
report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report
Setting.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘enabled’, the UE shall
report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or
SSB resources can be received simultaneously by the UE.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RSRP, ‘cri-
RI-PMI-CQI ', ‘cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI", ‘cri-RI-LI-PMI-CQI', 'cri-SINR', or ‘cri-SINR-
Capability[Set]Index ', and K, > 1 resources are configured in the corresponding resource set for channel measurement,
then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k> 0)
corresponds to the configured (k+1)-th entry of associated nzp-CS-RS-Resources in the corresponding NZP-CS-RS
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ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-1M-
ResourceSet (if configured) or (k+1)-th entry of associated hzp-CS-RS-Resources in the corresponding NZP-CS-RS-
ResourceSet (if configured for CS-ReportConfig with reportQuantity set to 'cri-SINR' or 'cri-SINR-
Capability[Set]Index ') for interference measurement. If K, = 2 CSI-RS resources are configured, each resource shall
contain at most 16 CSI-RS ports. If 2 < K; < 8 CSI-RS resources are configured, each resource shall contain at most 8
CSI-RS ports.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-PMI-
CQl', or ‘cri-RI-LI-PMI-CQI" and the corresponding NZP-CS -RS-ResourceSet for channel measurement is configured
with K, > 2 resources, two Resource Groups with K; = 1 resourcesin Group 1, K, = 1 resourcesin Group 2, K; +
K, = K, and N Resource Pairs:

- each resource can contain, subject to UE capability, at most 32 CSI-RS ports. For two Resource Groups with K;
resources (i=1,2), if max{K;, K,} = 1, the resource in NZP-CS|-RS-ResourceSet shall contain at most 32 CSI-
RS ports; if max{K;,K,} = 2, each resource in NZP-CSI-RS-ResourceSet shall contain at most 16 CSI-RS
ports; if 2 < max{K;,K,} < 8, each resource in NZP-CSI-RS-ResourceSet shall contain at most 8 CSI-RS
ports.

- each of the N Resource Pairsis associated to a CRI value.

- The CS-ReportConfig may be configured with higher layer parameter sharedCMR. M, and M, are the numbers
of resources associated to a CRI value, other than the N CRI's defined above, in Group 1 and Group 2,
respectively, with M = M, + M,, such that the total number of CRI values configured for the CS-ReportConfig
iSM + N.

- If the higher layer parameter csi-ReportMode is set to 'Model' and the higher layer parameter
numberOfSingleTRP-CS-Model isset to X € {0}, M; = M, = 0; otherwise,

- if the higher layer parameter csi-ReportMode is set to ‘Model' and the higher layer parameter
number OfSingleTRP-CSl-Model isset to X € {1,2}, or if csi-ReportMode is set to 'Mode2,

- if sharedCMRis configured: M; = K; and M, = K,; otherwise

- if sharedCMRis not configured, only the resourcesin Group 1 and Group 2 that are not referred to in any
Resource Pair are associated to M CRI values other than the N CRI s defined above.

- If interference measurement is performed on CSI-IM, M + N resources are configured in the corresponding csi-
IM-ResourceSet. The M resources for channel measurement defined above are resource-wise associated with the
first M CSI-IM resources by the ordering of the CSI-RS resources and CSI-IM resources in the corresponding
Resource Set. The N Resource Pairs for channel measurement are associated to the last N CSI-IM resources by
the ordering of the CSI-RS Resource Pairs and CSI-IM resourcesin the CSI-IM Resource Set. The UE may
assume that the two CSI-RS resources for channel measurement in a Resource Pair and the associated CSI-IM
resource for interference measurement are resource-wise QCLed with respect to ‘typeD'.

- The UE isnot expected to be configured with NZP CSI-RS for interference measurement other than the NZP
CSI-RS resources for channel measurement configured in the N Resource Pairs.

- The UE expects, for that CS-ReportConfig, to be configured with higher layer parameter codebookType set to
‘typel-SinglePanel’, and

- The UE shall derive the CSI parameters other than CRI(s) conditioned on the reported CRI(S), as follows:

- If the higher layer parameter csi-ReportMode is set to 'Model' and the higher layer parameter
number OfSingleTRP-CS-Model isset to X € {0,1,2}, X + 1 CRI(s) are reported:

- oneCRI k, (k; = 0) corresponds to the configured (k, + 1)-th entry of the associated N Resource Pairs
in the corresponding CSI-RS Resource Set for channel measurement, and (M + k, + 1)-th entry of the
corresponding CSI-IM Resource Set, if configured. The UE shall report two RIs, two PMIs, two LIs (if
configured), associated to the resource in Group 1 and the resource in Group 2, respectively, of the (k; +
1)-th Resource Pair, and one CQI; and

- if X =1, 0neCRI k, (k, = 0) corresponds to the configured (k, + 1)-th entry of the associated M
resources in the corresponding CSI-RS Resource Set for channel measurement, and (k, + 1)-th entry of
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the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if
configured) and one or two CQIs conditioned on CRI k,; or

- if X =2,0neCRI k, (k, = 0) corresponds to the configured (k, + 1)-th entry of the associated M,
resources in Group 1 of the corresponding CSI-RS Resource Set for channel measurement, and (k, + 1)-
th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured, and one
CRI k5 (k3 = 0) correspondsto the configured (k5 + 1)-th entry of the associated M, resourcesin Group
2 of the corresponding CSI-RS Resource Set for channel measurement, and (M; + k5 + 1)-th entry of the
corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if
configured) and one or two CQIs conditioned on CRI k, and one RI, one PMI, one LI (if configured) and
one or two CQIs conditioned on CRI k5.

- If the higher layer parameter csi-ReportMode is set to ‘Mode2', one CRI k, (k; = 0) isreported, which
corresponds to the (k, + 1)-th entry of the M + N resources or Resource Pairs in the corresponding CSI-RS
Resource Set for channel measurement, and (k; + 1)-th entry of the associated resourcesin the
corresponding CSI-IM Resource Set, if configured. The first M codepoints of the CRI correspond to
resources associated to Group 1 and Group 2. The last N codepoints of the CRI correspond to the N
configured Resource Pairs. The UE shall report one RI, one PMI, one L1, if configured, and one or two CQIs
conditioned on CRI k, if k; < M; or two RIs, two PMIs, two LIs, if configured, associated to the resourcein
Group 1 and the resource in Group 2, respectively, of the (k; — M + 1)-th Resource Pair, and one CQI,
otherwise.

- For areported CRI corresponding to an entry of the N Resource Pairs configured in the corresponding CSI-RS
Resource Set for channel measurement:

- the UE shall not report atotal number of layers larger than four.

- thetwo RIsare reported with ajoint Rl index corresponding to one of the four rank combinations:
{1,1},{1,2},{2,1}, {2,2}.

- The CodebookConfig in CSl-ReportConfig can be configured with two RI restriction parameters. One parameter
applies to areported RI when conditioned on a CRI corresponding to an entry of the M CSI-RS resources
defined above. Another parameter applies to areported joint Rl index when conditioned on a CRI corresponding
to an entry of the N Resource Pairs and indicates one or more of the four rank combinations that are allowed to
correspond to the reported PMIs and RIs.

- The CodebookConfig in CS -ReportConfig can be configured with two Codebook Subset Restrictions. The first
restriction appliesto areported PM| associated to a CSI-RS resource in Group 1. The second restriction applies
to areported PMI associated to a CSI-RS resource in Group 2.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-RSRF'
or 'ssh-Index-RSRP-Capability[ Set] Index', the UE shall report SSBRI, where SSBRI k (k > 0) correspondsto the
configured (k+1)-th entry of the associated csi-SSB-Resourcelist in the corresponding CSl -SSB-Resour ceSet.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-SINR'
or 'ssh-Index-SINR-Capability[ Set] Index’, the UE shall derive L1-SINR conditioned on the reported SSBRI, where
SSBRI k (k> 0) corresponds to the configured (k+1)-th entry of the associated csi-SSB-ResourcelList inthe
corresponding CSl-SSB-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the
corresponding csi-IM-ResourceSet (if configured) or (k+1)-th entry of associated nzp-CS-RS-Resourcesin the
corresponding NZP-CS-RS-ResourceSet (if configured) for interference measurement.

If the UE is configured with a CS-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-PMI-
CQl', " cri-RI-i1', ‘cri-RI-i1-CQI', ‘cri-RI-CQI' or ‘cri-RI-LI-PMI-CQI', then the UE is not expected to be configured with
more than 8 CSI-RS resources in a CSI-RS resource set contained within aresource setting that is linked to the CSl-
ReportConfig.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-LI1-PMI-
CQI', UE does not expect the CS -ReportConfig to be configured with higher layer parameter codebookType set to
‘typell-r16' or 'typell-PortSelection-r16'.

If the UE is configured with a CSl-ReportConfig with higher layer parameter reportQuantity set to ‘cri-RSRP', ‘cri-

SINR', 'none’, ‘cri-RSRP-Capability[ Set]Index’ or ‘cri-SINR-Capability[ Set] I ndex and the CS-ReportConfig is linked to
aresource setting configured with the higher layer parameter resourceType set to ‘aperiodic’, then the UE is not
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expected to be configured with more than 16 CSI-RS resources in a CSI-RS resource set contained within the resource
Setting.

The LI indicates which column of the precoder matrix of the reported PMI corresponds to the strongest layer of the
codeword corresponding to the largest reported wideband CQI. If two wideband CQI's are reported and have equal
value, the LI correspondsto strongest layer of the first codeword. If the UE is configured with a CS-ReportConfig with
reportQuantity set to ‘cri-RI-L1-PMI-CQI' and the corresponding NZP-CS-RS-ResourceSet for channel measurement is
configured with two Resource Groups and N Resource Pairs, and the UE reports a CRI associated to a Resource Pair,
and arank combination {v,, v,}, thefirst LI indicates which column of the precoder matrix of the first reported PMI
corresponds to the strongest of the first v, layers of the codeword and the second L1 indicates which column of the
precoder matrix of the second reported PMI corresponds to the strongest of the last v, layers of the codeword.

For operation with shared spectrum channel access, if the UE is configured with a CSl-ReportConfig with higher layer
parameter reportQuantity set to ‘cri-RI-PMI-CQI ', 'cri-RI-i1', ‘cri-RI-i1-CQI', ‘cri-RI-CQI" or ‘cri-RI-LI-PMI-CQI', the
UE shall derive:

- the CSl parameters without averaging two or more instances of any periodic or semi-persistent nzp-C3-RS
Resources in the corresponding NZP-CS -RS-Resour ceSet for channel measurement or for interference
measurement located in different DL transmissions,

- theinstances of the nzp-CS-RS-Resources are hot in the same channel occupancy duration indicated by DCI
format 2_0, if the UE is provided at least one of SotFormatindicator or co-DurationList; or

- theinstances of the nzp-CS-RS-Resources occur within a set of consecutive symbols which are not all
occupied by PDSCH(s) and/or aperiodic CSI-RS(s) indicated by DCI formats, if any, and the corresponding
PDCCH(s), if the UE is neither provided with CO-DurationPerCell nor SotFormatindicator, but is provided
with csi-RS-ValidationWith-DCI

- theinterference measurements for computing CSl value based on periodic/semi-persistent CSI-IM measured
only in OFDM symbol(s) that fulfill the same conditions under which the UE is expected to receive
periodic/semi-persistent CSI-RS as described in Clause 11.1 and Clause 11.1.1 of [6, TS 38.213].

If the UE is configured with the higher layer parameter SSB-MTC-Additional PCI, the UE is alowed to report in asingle
reporting instance up to four SSBRIs for each report setting, where SSB resources are associated with PCI indices
referring to the PCI of the serving cell and PCI(s) different from the PCI of the serving cell within the set of PCls
configured.

5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP computation

- the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH
block resources, when resource-wise quasi co-located with ‘type C' and 'typeD' when applicable.

- the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources
within each set. The total number of different CSI-RS resources over all resource setsis no more than 128.

For L1-RSRP reporting, if the higher layer parameter nrofReportedRSin CS-ReportConfig is configured to be one, the
reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer
parameter nrofReportedRSis configured to be larger than one, or if the higher layer parameter
groupBasedBeamReporting is configured as 'enabled’, or if the higher layer parameter groupBasedBeamReporting-r17
is configured, the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRPis
guantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to
a4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured
L1-RSRP value which is part of the same L1-RSRP reporting instance. The mapping between the reported L 1-RSRP
value and the measured quantity is described in [11, TS 38.133].

When the higher layer parameter groupBasedBeamReporting-r17in CS-ReportConfig is configured, the UE shall
indicate the CSI Resource Set associated with the largest measured value of L1-RSRP, and for each group, CRI or
SSBRI of theindicated CSI Resource Set is present first.

If the higher layer parameter timeRestrictionFor ChannelMeasurements in CS-ReportConfig is set to "notConfigured”,
the UE shall derive the channel measurements for computing L1-RSRP value reported in uplink slot n based on only the
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SS/PBCH or NZP CSI-RS, no later than the CS| reference resource, (defined in TS 38.211[4]) associated with the CS|
resource setting.

If the higher layer parameter timeRestrictionFor ChannelMeasurements in CS-ReportConfig is set to "Configured”, the
UE shall derive the channel measurements for computing L1-RSRP reported in uplink slot n based on only the most
recent, no later than the CSl reference resource, occasion of SS/PBCH or NZP CSI-RS (defined in [4, TS 38.211])
associated with the CSI resource setting.

When the UE is configured with SSB-MTC-Addtional PCl, a CSI-SSB-ResourceSet configured for L1-RSRP reporting
includes one set of SSB indices and one set of PCI indices, where each SSB index is associated with a PCl index.

When the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to ' cri-RSRP-
Capability[ Set]Index' or 'ssh-Index-RSRP-Capability[ Set] Index' an index of UE capability value set, indicating the
maximum supported number of SRS antenna ports, is reported along with the pair of SSBRI/CRI and L1-RSRP.

5.2.1.4.4 L1-SINR Reporting

For L1-SINR computation, for channel measurement the UE may be configured with NZP CSI-RS resources and/or
SS/PBCH Block resources, for interference measurement the UE may be configured with NZP CSI-RS or CSI-IM
resources.

- for channel measurement, the UE may be configured with CSI-RS resource setting with up to 16 resource sets,
with atotal of up to 64 CSI-RS resources or up to 64 SS/PBCH Block resources.

For L1-SINR reporting, if the higher layer parameter nrofReportedRS in CS-ReportConfig is configured to be one, the
reported L1-SINR value is defined by a 7-bit value in the range [-23, 40] dB with 0.5 dB step size, and if the higher
layer parameter nrofReportedRSis configured to be larger than one, or if the higher layer parameter
groupBasedBeamReporting is configured as ‘enabled’, the UE shall use differential L1-SINR based reporting, where the
largest measured value of L1-SINR is quantized to a 7-bit value in the range [-23, 40] dB with 0.5 dB step size, and the
differential L1-SINR is quantized to a4-bit value. The differential L1-SINR is computed with 1 dB step size with a
reference to the largest measured L1-SINR value which is part of the same L1-SINR reporting instance. When NZP
CSI-RSis configured for channel measurement and/or interference measurement, the reported L1-SINR values should
not be compensated by the power offset(s) given by higher layer parameter power ControOffsetSS or

power Control Offset.

When one or two resource settings are configured for L1-SINR measurement

- If the higher layer parameter timeRestrictionFor ChannelMeasurements in CS-ReportConfig is set to
‘'notConfigured’, the UE shall derive the channel measurements for computing L1-SINR reported in uplink slot n
based on only the SSB or NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4])
associated with the CSI resource setting.

- If the higher layer parameter timeRestrictionFor ChannelMeasurements in CS-ReportConfig is set to
‘configured, the UE shall derive the channel measurements for computing L1-SINR reported in uplink slot n
based on only the most recent, no later than the CSI reference resource, occasion of SSB or NZP CSI-RS
(defined in [4, TS 38.211]) associated with the CSI resource setting.

- If the higher layer parameter timeRestrictionFor I nterferenceMeasurements in CS-ReportConfig is set to
‘notConfigured', the UE shall derive the interference measurements for computing L1-SINR reported in uplink
slot n based on only the CSI-IM or NZP CSI-RS for interference measurement (defined in [4, TS 38.211]) or
NZP CSI-RSfor channel and interference measurement no later than the CS| reference resource associated with
the CSl resource setting.

- If the higher layer parameter timeRestrictionForInterferenceMeasurements in CS-ReportConfig is set to
‘configured’, the UE shall derive the interference measurements for computing the L1-SINR reported in uplink
slot n based on the most recent, no later than the CSI reference resource, occasion of CSI-IM or NZP CSI-RS for
interference measurement (defined in [4, TS 38.211]) or NZP CSI-RS for channel and interference measurement
associated with the CSI resource setting.

When the UE is configured a CS-ReportConfig with the higher layer parameter reportQuantity set to ' cri-SINR-

Capability[ Set]Index' or 'ssh-Index-SINR-Capability[ Set]Index' an index of UE capability value, indicating the
maximum supported number of SRS antenna ports, is reported along with the pair of SSBRI/CRI and L1-SINR.
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5.2.1.5 Triggering/activation of CSI Reports and CSI-RS

5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the
CSI-RS have the same numerology

For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType
set to 'aperiodic', 'periodic’, or 'semi-persistent’, trigger states for Reporting Setting(s) (configured with the higher layer
parameter reportConfigType set to 'aperiodic’) and/or Resource Setting for channel and/or interference measurement on
one or more component carriers are configured using the higher layer parameter CSl-AperiodicTrigger Satelist. For
aperiodic CSI report triggering, asingle set of CSl triggering states are higher layer configured, wherein the CSI
triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI
with non-zero CSl request field per slot per cell. A UE is not expected to receive DCI with non-zero CS request field
within a cell group in aslot overlapping with any slot receiving DCI with non-zero CSl request field in the same cell
group. A UE is not expected to be configured with different TCI-Stateld's for the same aperiodic CSI-RS resource ID
configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in the same aperiodic trigger
state. A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot per
cell. A UE is not expected to receive an aperiodic CSI report request for transmission in a slot overlapping with any slot
having an aperiodic CSl report transmission in the same cell group. If a UE does not indicate its capability of
Cditrigger SateContainingNonactiveBWP the UE is not expected to be triggered with a CSl report for a non-active DL
BWP. Otherwise, when a UE is triggered with a CSl report for a DL BWP that is non-active when expecting to receive
the most recent occasion, no later than the CSl reference resource, of the associated NZP CSI-RS, the UE is not
expected to report the CSl for the non-active DL BWP and the CSI report associated with that BWP is omitted. When a
UE istriggered with aperiodic NZP CSI-RSin a DL BWP that is non-active when expecting to receive the NZP CSl -
RS, the UE is not expected to measure the aperiodic CSI-RS. In the carrier of the serving cell expecting to receive that
associated NZP CSI-RS, if the active DL BWP when receiving the NZP CSI-RS is different from the active DL BWP
when receiving the triggering DCI,

- thelast symbol of the PDCCH span of the DCI carrying the BWP switching shall be no later than the last symbol
of the PDCCH span of the DCI carrying the CSI trigger, irrespective of whether they are in the same carrier of a
serving cell or not and irrespective of whether they are in the same SCS or not;

- the UE is not expected to have any other BWP switching in that carrier after the last symbol of the PDCCH span
covering the DCI carrying the CSI trigger and before the first symbol of the triggered NZP CSI-RS or CSI-IM.

- when the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described
in clause 10.1 of [6, TS 38.213], the span that involves the PDCCH candidate that ends later in time is used.

A trigger stateisinitiated using the CSl request field in DCI.

- When all the bits of CH request field in DCI are set to zero, no CSl is requested.

- When the number of configured CSl triggering statesin CS-AperiodicTrigger Satel ist is greater than 2Nrs 1,
where N;g isthe number of bitsin the DCI CSl request field, the UE receives a subselection indication, as

described in clause 6.1.3.13 of [10, TS 38.321], used to map up to 2N —1 trigger statesto the codepoints of the
CS request field in DCI. N g isconfigured by the higher layer parameter reportTrigger Size where

N+s € {0,1,2,3,4,5,6}. When the UE would transmit a PUCCH with HARQ-ACK informationin slot n
corresponding to the PDSCH carrying the subsel ection indication, the corresponding action in [10, TS 38.321]
and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSl request

field shall be applied starting from the first Sot that is after slot n + 3NS“2/7@mek 4 2" j  \vhere uisthe

slot 2HKmac
SCS configuration for the PUCCH and py, . isthe subcarrier spacing configuration for k.. with avalue of 0

for frequency range 1, and k., is provided by K-Mac or k. = 0 if K-Mac is not provided..

- When the number of CSl triggering statesin CS-AperiodicTrigger SateL.ist isless than or equal to 2Ns —1 the
CS request field in DCI directly indicates the triggering state.

- For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSl triggering state, the UE is
indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as
described in clause 5.1.5, through higher layer signaling of qcl-info which contains alist of references to TCI-
Sate's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a Sate referred to inthe list
is configured with areference to an RS configured with qcl-Type set to 'typeD’, that RS may be an SS/PBCH
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block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-
persistent located in the same or different CC/DL BWP.

- If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first
symbol of the aperiodic CSI-RS resources in a NZP-CS-RS ResourceSet configured without higher layer
parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming, as defined in[13, TS
38.306], when the reported value is one of the values of { 14, 28, 48} - 2max(Okcsirs=3) gng
enableBeamSwitchTiming is not provided, or is smaller than 48- 2m**(O.kcsirs=3) when the UE provides
beamSwitchTiming-r16, enableBeamSwitchTiming is provided and the NZP-CS-RS-ResourceSet is
configured with the higher layer parameter repetition set to 'off' or configured without the higher layer
parameter repetition, or is smaller than the UE reported threshold beamSwitchTiming-r16, when
enableBeamSwitchTiming is provided and the NZP-CS-RS-ResourceSet is configured with the higher layer
parameter repetition set to ‘on'.

- If aUE isconfigured with enableDefault TCI-SatePer CoresetPoollndex and the UE is configured by
higher layer parameter PDCCH-Config that contains two different values of coresetPoollndex in
Control Resour ceSet

- if thereisany other DL signal with an indicated TCl state in the same symbols as the CSI-RS, the UE
applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The
other DL signal refersto PDSCH scheduled by a PDCCH associated with the same coresetPool I ndex
asthe PDCCH triggering the aperiodic CSI-RS and scheduled with offset larger than or equal to the
threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS triggered by a
PDCCH associated with the same coresetPoollndex as the PDCCH triggering the aperiodic CSI-RS
and scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when
the reported value is one of the values { 14,28,48} - 2m*(O:#csirs=3) and enableBeamSwitchTiming is
not provided, aperiodic CSI-RS triggered by a PDCCH associated with the same coresetPool Index as
the PDCCH triggering the aperiodic CSI-RS and scheduled with offset larger than or equal to 48
2max(Okcsirs=3) when the reported value of beamSwitchTiming-r16 is one of the values { 224, 336} -
2max(Oucsirs=3) gnd enableBeamSwitchTiming is provided, periodic CSI-RS, semi-persistent CSI-RS;

- ese, the UE applies the QCL parameter(s) of the CORESET associated with a monitored search space
with the lowest control Resour ceSetld among CORESETS, which are configured with the same value
of coresetPoolIndex as the PDCCH triggering that aperiodic CSI-RS, in the latest dot in which one or
more CORESET s are associated with the same value of coresetPool Index as the PDCCH triggering
that aperiodic CSI-RS

- dseif aUE is configured with enableTwoDefault TCI-States and at least one TCI codepoint is mapped to
two TCl states

- if thereisany other DL signal with anindicated TCI state in the same symbols as the CSI-RS, the UE
applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The
other DL signal refersto PDSCH scheduled with offset larger than or equal to the threshold
timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger
than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the
values { 14,28,48} - 2m@*(Ocsirs=3) and enableBeamSwitchTiming is not provided, aperiodic CSI-RS
scheduled with offset larger than or equal to 48 2m**(O.kcsirs=3) when the reported val ue of
beamSwitchTiming-r16 is one of the values { 224, 336} - 2max(O.kcsirs=3) gnd
enableBeamSwitchTiming is provided, periodic CSI-RS, semi-persistent CSI-RS. If there isa PDSCH
indicated with two TCI states in the same symbols as the CSI-RS, the UE appliesthe first TCI state of
the two TCI states when receiving the aperiodic CSI-RS.

- else, the UE appliesthefirst one of two TCI states corresponding to the lowest TCI codepoint among
those mapped to two TCI states and applicable to the PDSCH within the active BWP of the cell in
which the CSI-RS isto be received when receiving the aperiodic CSI-RS.

- dseif aUE isconfigured with sthSchemePdcch set to 'sfnSchemeA', it is not configured with
enableTwoDefault TCI-States, and the two TCI states are activated for the CORESET by the activation
command as described in clause 6.1.3.x of [10, TS 38.321]

- if thereisany other DL signal with anindicated TCI state in the same symbols as the CSI-RS, the UE
applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The
other DL signal refersto PDSCH scheduled with an offset larger than or equal to the threshold
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timeDurationForQCL, asdefined in [13, TS 38.306], periodic CSI-RS, semi-persistent CSI-RS,
aperiodic CSI-RSin a NZP-CS-RS-ResourceSet scheduled with offset larger than or equal to the UE
reported threshold beamSwitchTiming when the reported value is one of the values { 14,28,48} and
when enableBeamSwitchTiming is not provided or the NZP-CS-RS-ResourceSet is configured with
the higher layer parameter trs-Info , aperiodic CSI-RS in a NZP-CS -RS-ResourceSet configured with
the higher layer parameter repetition set to 'off' or configured without the higher layer parameters
repetition and trs-Info scheduled with offset larger than or equal to 48 when the UE provides
beamSwitchTiming-r16 and enableBeamSwitchTiming is provided, aperiodic CSI-RSin a NZP-CS -
RS-ResourceSet configured with the higher layer parameter repetition set to ‘on’ scheduled with offset
larger than or equal to the UE reported threshold beamSwitchTiming-r16 and
enableBeamSwitchTiming is provided;

- €else, the UE applies the first one of two TCI states indicated for the CORESET with the lowest
CORESET ID in the latest slot within the active BWP of the cell in which the CSI-RSisto be
received when receiving the aperiodic CSI-RS,

- €dseif thereisany other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE
applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other
DL signal refersto PDSCH scheduled with offset larger than or equal to the threshold
timeDurationForQCL, as defined in [13, TS 38.306], periodic CSI-RS, semi-persistent CSI-RS, aperiodic
CSI-RSin aNZP-CS-RS ResourceSet scheduled with offset larger than or equal to the UE reported
threshold beamSwitchTiming when the reported value is one of the values { 14,28,48} - 2m@*(0-#csirs=3)
and when enableBeamSwitchTiming is not provided or the NZP-CS-RS-ResourceSet is configured with
the higher layer parameter trs-Info , aperiodic CSI-RS in a NZP-CS-RS ResourceSet configured with the
higher layer parameter repetition set to 'off' or configured without the higher layer parameters repetition
and trs-Info scheduled with offset larger than or equal to 48: 2max(O#csirs=3) when the UE provides
beamSwitchTiming-r16 and enableBeamSwitchTiming is provided, aperiodic CSI-RS in a NZP-CS-RS
ResourceSet configured with the higher layer parameter repetition set to ‘on' scheduled with offset larger
than or equal to the UE reported threshold beamSwitchTiming-r 16 and enableBeamSwitchTiming is
provided,;

- eseif the UE is not provided dI-OrJoint-TClSateList-r17, and if at least one CORESET is configured for
the BWP in which the aperiodic CSI-RS is received, when receiving the aperiodic CSI-RS, the UE
applies the QCL assumption used for the CORESET associated with a monitored search space with the
lowest control ResourceSetld in the latest slot in which one or more CORESET s within the active BWP of
the serving cell are monitored;

- eseif the UE is provided dI-OrJoint-TClI SateList-r17 and if the indicated TCI state is associated with a
PCI different from the serving cell, regardless of configuration of followUnifiedTClstate, and if at |east
one CORESET is configured for the BWP in which the aperiodic CSI-RS is received, when receiving the
aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a
monitored search space with the lowest controlResourceSetld in the latest slot in which one or more
CORESETs within the active BWP of the serving cell are monitored. In the CA case, if the 'QCL-TypeD'
of the aperiodic CSI-RSs from respective CCsin aband are different in adot, the QCL-TypeD
assumption of the CSI-RS in the CC with lowest CC ID in the band is applied to all the aperiodic CSI-
RSsin the CCsin the band;

- eseif the UE is provided dI-OrJoint-TCl SatelList-r17 and the indicated TCI state is associated with the
PCI of the serving cell, regardless of configuration of followUnifiedTClstate, the indicated TCI stateis
applied to the aperiodic CSI-RS;

- eseif the UE is configured with enableDefaultBeamFor CCS and when receiving the aperiodic CSI-RS,
the UE applies the QCL assumption of the lowest-1D activated TCI state applicable to the PDSCH within
the active BWP of the cell in which the CSI-RSisto be received.

- If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first
symbol of the aperiodic CSI-RS resourcesin a NZP-CS-RS-ResourceSet is equal to or greater than the UE
reported threshold beamSwitchTiming when the reported value is one of the values of {14,28,48} -
2max(Okcsirs=3) gnd enableBeamSwitchTiming is not provided and the NZP-CSl-RS-ResourceSet is not
configured with higher layer parameter trs-Info, or is equal to or greater than the UE reported threshold
beamSwitchTiming when the reported value is one of the values of { 14,28,48} - 2max(Okcsirs=3) gnd the NZP-
CY-RS ResourceSet is configured with higher layer parameter trs-1nfo, or is equal to or greater than 48:
2max(Okcsirs=3) when the UE provides beamSwitchTiming-r 16 and enableBeamSwitchTiming is provided
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and the NZP-CSl-RS-ResourceSet is configured with the higher layer parameter repetition set to 'off' or
configured without the higher layer parameters repetition and trs-Info, or is equal to or greater than the UE
reported threshold beamSwitchTiming-r16, when enableBeamSwitchTiming is provided and the NZP-CS-RS
ResourceSet is configured with the higher layer parameter repetition set to 'on', the UE is expected to apply
the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resourcesin the CSl triggering
state indicated by the CSI trigger field in DCI.

- The UE isnot expected to receive aperiodic CSI-RS and PDSCH/aperiodic CSI-RS associated with different
values of coresetPoollndex in overlapped symbol(s). The UE is not expected to receive aperiodic CSI-RS and
semi-persistent/periodic CSI-RS with different '‘QCL-type D' in overlapped symbol(s).

- If configured, the UE may assume that a CSI-RS resource in an aperiodic CSI-RS resource set configured
without trs-Info is quasi co-located with the RS(s) in the indicated TCI state.

- A non-zero codepoint of the CSI request field in the DCI is mapped to a CSl triggering state according to the
order of the associated positions of the up to 2¥7s — 1 trigger statesin CSl-AperiodicTrigger SatelList with
codepoint '1' mapped to the triggering state in the first position.

For a UE configured with the higher layer parameter CSl-AperiodicTrigger Satelist, if a Resource Setting linked to a
CS-ReportConfig has multiple aperiodic resource sets, only one of the aperiodic CSI-RS resource sets from the
Resource Setting is associated with the trigger state, and the UE is higher layer configured per trigger state per Resource
Setting to select the one CSI-IM/NZP CSI-RS resource set from the Resource Setting.

When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher
layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16 or aperiodicTriggeringOffset-r17. The
CSI-RS triggering offset hasthevaluesof {0, 1, 2,3, 4,5, 6, ..., 15, 16, 24} dotsfor ucgrs < 3 0r{0, 4, 8,12, ..., 60,
64, 96} dotsfor ucgirs = 5 and ucsirs = 6, Where ucsirs iSthe subcarrier spacing configurations for CSI-RS. If the UE
is not configured with minimumSchedulingOffsetK0 for any DL BWP and minimumSchedulingOffsetK2 for any UL
BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'typeD' in the
corresponding TCI states, the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM
follows offset of the associated NZP CSI-RS for channel measurement. The aperiodic CSI-RS is transmitted in a slot

CA CA
_ Nslot,offset,PDCCH Nslot,offset,CSIRS : : : :
Ks, Ks=n+X+ l( FoffsetPDCCH  — oFoffsetcsirs | 2 cS!RS|, if UEis configured with ca-SotOffset for at least

one of the triggered and triggering cell, and in slot K, =n+ X, otherwise, and where

- nisthedot containing the triggering DCI, X isthe CSI-RS triggering offset according to the higher layer
parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16 or aperiodicTriggeringOffset-r17,

- Ns(l:gt, offset, PDCCH and :uOffSE[,PDCCH arethe Ns(l:([)\t, offset and the Hotrset which are determined by hlghef'|ayef

configured ca-SlotOffset for the cell receiving the PDCCH, NS2 ot csirs @0 Hofrsercsirs A€ the NSA ofteer aNd
the u,, which are determined by higher-layer configured ca-SotOffset for the cell transmitting the CSI-RS

respectively, asdefined in [4, TS 38.211] clause 4.5.

The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying itstriggering DCI.
When the minimum scheduling offset restriction is applied, UE is hot expected to be triggered by CSl triggering state
indicated by the CSl request field in DCI in which CSI-RS triggering offset is smaller than the currently applicable
minimum scheduling offset restriction Komin.

If interference measurement is performed on aperiodic NZP CSI-RS, a UE is not expected to be configured with a
different aperiodic triggering offset of the NZP CSI-RS for interference measurement from the associated NZP CSI-RS
for channel measurement.

If the UE is configured with asingle carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI
report triggered by different DCls on overlapping OFDM symbols.

When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining scheduling offset between the last symbol of the PDCCH
carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources, the PDCCH candidate that ends
later in timeis used, and the UE does not expect that the aperiodic CSI-RS is transmitted before the first symbol of the
PDCCH candidate that startslater in time.
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5.2.1.5.1a Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the

CSI-RS have different numerologies

When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in
5.2.1.5.1 for the case where the numerol ogies are the same applies with the following exceptions:

Beam switch timing:

If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol
of the aperiodic CSI-RS resourcesin a NZP-CS-RS-ResourceSet configured without higher layer parameter trs-
Info is smaller than beamSwitchTiming + d - 2#¢sirs /2#pPDCcH [n CSI-RS symbols, as defined in [13, TS 38.306],
when the reported value is one of the values of {14, 28, 48}- 2max(Okcsirs=3) gnd enableBeamSwitchTiming is
not provided, or is smaller than 48- 2max(Okcsirs=3)+ g . QHcsIrs J2#PDCCH jn CS|-RS symbols when the UE
provides beamSwitchTiming-r 16 and enableBeamSwitchTiming is provided and the NZP-CS-RS-ResourceSet is
configured with the higher layer parameter repetition set to 'off' or configured without the higher layer parameter
repetition, or is smaller than beamSwitchTiming-r16 + d - 2#¢sirs /2#ppccH n CSI-RS symbols, when
enableBeamSwitchTiming is provided and the NZP-CS-RS-ResourceSet is configured with the higher layer
parameter repetition set to 'on’, where if the pppcch < Hesirs, the beam switching timing delay d is defined in
Table5.2.1.5.1a-1, elsedis zero

- if one of the associated trigger states has the higher layer parameter qcl-Type set to 'typeD',

- if thereisany other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE
applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other
DL signal refersto PDSCH scheduled with offset larger than or equal to the threshold
timeDurationForQCL, as defined in [13, TS 38.306], periodic CSI-RS, semi-persistent CSI-RS, aperiodic
CSI-RS scheduled with offset larger than or equal to beamSwitchTiming + d - 2#¢sIrs /2#PDCCH jn CSI-RS
symbols when the reported value is one of the values { 14,28,48} - 2ma*(0.kcsirs=3) gnd when
enableBeamSwitchTiming is not provided or the NZP-CSl-RS-ResourceSet is configured with the higher
layer parameter trs-Info, aperiodic CSI-RS in a NZP-CS-RS-ResourceSet configured with the higher
layer parameter repetition set to 'off' or configured without the higher layer parameters repetition and trs-
Info scheduled with offset larger than or equal to 48- 2max(Okcsirs=3)+ g - QHCsIRS [2#PDCCH jn CSI-RS
symbols when the UE provides beamSwitchTiming-r16 and enableBeamSwitchTiming is provided,
aperiodic CSI-RS in a NZP-C3-RS-ResourceSet configured with the higher layer parameter repetition set
to ‘on’ and scheduled with offset larger than or equal to beamSwitchTiming-r16 + d - 2#¢sIrS /2-PDCCH |
CSI-RS symbols when enableBeamSwitchTiming is provided;

- dsg

- if at least one CORESET is configured for the BWP in which the aperiodic CSI-RSisto be received,
when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET
associated with a monitored search space with the lowest control ResourceSetld in the latest slot in
which one or more CORESETSs within the active BWP of the serving cell are monitored.

- eseif the UE is configured with enableDefaultBeamFor CCS, when receiving the aperiodic CSI-RS,
the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH
within the active BWP of the cell in which the CSI-RSisto be received.

If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol
of the aperiodic CSI-RS resourcesin a NZP-CS-RS-ResourceSet is equal to or greater than beamSwitchTiming +
d - 2¥csirs [2rPpecH in CSl-RS symbols, when the reported value is one of the values of {14,28,48} -
2max(Oucsirs=3) gnd enableBeamSwitchTiming is not provided and the NZP-CSl-RS-ResourceSet is not
configured with higher layer parameter trs-Info, or isequal to or greater than beamSwitchTiming + d -

2#Kcsirs [2kppecH in CS|-RS symbols when the reported value is one of the values of { 14,28,48} - 2max(Okcsirs=3)
and the NZP-CS-RS-ResourceSet is configured with higher layer parameter trs-Info, or isequal to or greater
than 48- 2max(Okcsirs=3)+4 - 2Kcsirs [2kppCcH in CS|-RS symbols when the UE provides beamSwitchTiming-r16
and enableBeamSwitchTiming is provided and the NZP-CS-RS-ResourceSet is configured with the higher layer
parameter repetition set to 'off' or configured without the higher layer parameters repetition and trs-Info, or is
equal to or greater than beamSwitchTiming-r16 + d 2#¢sirs /2#PpccH jn CSl-RS symbols when
enableBeamSwitchTiming is provided and the NZP-CS-RS-ResourceSet is configured with the higher layer
parameter repetition set to 'on’, where if the pepcch < Hesirs, the beam switching timing delay d is defined in
Table5.2.1.5.1a-1, elsed is zero, the UE is expected to apply the QCL assumptionsin the indicated TCI states
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for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSl trigger field in DCI. For
MpoceH = 5, UE shall report one of values of {56, 112} for additional beam switching time delay d.

Table 5.2.1.5.1a-1: Additional beam switching timing delay d

HPDccH d [PDCCH symbols]
0 8
1 8
2 14
3 28
5 {56, 112}

Aperiodic CSI-RS timing:

- When the aperiodic CSI-RSis used with aperiodic CSI reporting, the CSI-RS triggering offset X is configured
per resource set by the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16 or
aperiodicTriggeringOffset-r17, including the case that the UE is not configured with
minimumSchedulingOffsetk0 for any DL BWP or minimumSchedulingOffsetK2 for any UL BWP and all the
associated trigger states do not have the higher layer parameter qcl-Type set to 'typeD’ in the corresponding TCI
states. The CSI-RS triggering offset hasthe values of {0, 1, ..., 31} dotsfor ycgrs < 3 0r{0, 4,8, ..., 124}
dotsfor ucgirs = 5 and pegirs = 6 When the pepcch < Pesrsand {0, 1, 2, 3,4, 5, 6, ..., 15, 16, 24} for pucgips <
30r{0,4,8,12, ...,60, 64, 96} dotsfor ucgrs = 5 and ucgrs = 6 When the UepccH > esirs.. The aperiodic

4CSRS NCA NCA
CSI-RSistransmitted in aslot {n- 2 ‘+X+M dot offset POCCH _ 7do ot CIRS | Hucars | if UE is

2!‘PDCCH 2/10ffsa ,PDCCH 2!‘fosa ,CSRS

HCIRS
configured with ca-SotOffset for at least one of the triggered and triggering cell, and Ks= {n- 2 ‘+ X,

Z#PDCCH

otherwise, and where

- nisthedot containing the triggering DCI, X isthe CSI-RS triggering offset in the numerology of CSI-RS
according to the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16 or
aperiodicTriggeringOffset-r17,

- Ucsirs aNd upp ey are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,

- Ns(l:c[\\t, offset, PDCCH and Hoffset, pDCCHA® the Ns(l:c[\\t, offset and the:uoffsa ’ respectively, which are determined by

higher-layer configured ca-SotOffset for the cell receiving the PDCCH

H CA CA H H
respectlvely, Nslot, offset, CSIRS and Moffset, cSIRs A€ the Nslot, offset and theluoffset ' r&epectwely, which are

determined by higher-layer configured ca-SotOffset for the cell transmitting the CSI-RS respectively, as
defined in[4, TS 38.211] clause 4.5

- If the Upocen < Hesirs, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no
earlier than the first symbol of the CSI-RS carrier's dlot that starts at least Ncsirs PDCCH symbols after the end
of the PDCCH triggering the aperiodic CSI-RS.

- If the MpoccH > Hesirs, the UE is expected to be able to measure the aperiodic CSl RS, if the CSI-RS starts no
earlier than at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.

When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining Ncsirs, the PDCCH candidate that endslater intimeis
used.
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Table 5.2.1.5.1a: Ncsirs @s a function of the subcarrier spacing of the triggering PDCCH

MPDccH Nesirs [Symbols]
0 4
1 5
2 10
3 14

When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the CSI request
constraint and CSl reporting constraint defined in 5.2.1.5.1 for the case where the numerologies are the same applies
with the following additions:

- CSl request constraints:

- A UE isnot expected to receive more than one CSI request per reference slot length across all CCsin acell
group, where the SCS of the reference slot is the minimum of SCS of the PDCCH with which the DCI was
transmitted, the SCS of the PUSCH with which the CSI report is to be transmitted, and the SCS of the
minimum SCS of the CSI-RS associated to the CSl reports triggered by the DCI. The beginning of aslot
length is defined according the PDCCH cell with which the DCI carrying the CSl request is transmitted.

- CSl reporting constraints:

- A UEisnot expected to receive more than one CSI request for transmission in a given reference slot length
across al CCsinacell group, where the SCS of the reference dlot is the minimum of SCS of the PDCCH
with which the DCI was transmitted, the SCS of the PUSCH with which the CSI report is to be transmitted,
and the SCS of the minimum SCS of the CSI-RS associated to the CSl reports triggered by the DCI. The
beginning of a dot length is defined according the PUSCH cell with which the CSl report is transmitted.

5.2.1.5.2 Semi-persistent CSl/Semi-persistent CSI-RS

For semi-persistent reporting on PUSCH, a set of trigger states are higher layer configured by CSl-
SemiPersistentONPUSCH-Trigger StateList, where the CSI request field in DCI scrambled with SP-CSI-RNTI activates
one of the trigger states. A UE is not expected to receive a DCI scrambled with SP-CSI-RNTI activating one semi-
persistent CSl report with the same CSl-ReportConfigld asin a semi-persistent CSl report which is activated by a
previously received DCI scrambled with SP-CSI-RNTI.

For semi-persistent reporting on PUCCH, the PUCCH resource used for transmitting the CSl report are configured by
reportConfigType. Semi-persistent reporting on PUCCH is activated by an activation command as described in clause
6.1.3.16 of [10, TS 38.321], which selects one of the semi-persistent Reporting Settings for use by the UE on the
PUCCH. When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH
carrying the activation command, the indicated semi-persistent Reporting Setting should be applied starting from the

first ot that is after slot n + 3NS*2/T¥MeH \where 1 is the SCS configuration for the PUCCH.

slot

For a UE configured with CSI resource setting(s) where the higher layer parameter resourceType set to 'semiPersistent'.

- when a UE receives an activation command, as described in clause 6.1.3.12 of [10, TS 38.321], for CSI-RS
resource set(s) for channel measurement and CSI-IM/NZP CSI-RS resource set(s) for interference measurement
associated with configured CSI resource setting(s), and when the UE would transmit a PUCCH with HARQ-
ACK information in slot n corresponding to the PDSCH carrying the selection command, the corresponding
actionsin [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by alist of reference
to TCI-Sate's, one per activated resource) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-
RS/CSI-IM resource configuration(s) shall be applied starting from the first slot that is after ot n +

ZNSLramen zu;r!:lac - kmac Where uisthe SCS configuration for the PUCCH and py, . is the subcarrier

spacing configuration for k,,,. with avalue of O for frequency range 1, and k. is provided by K-Mac or
kmac = 0 if K-Mac is not provided. If a TCI-State referred to in the list is configured with areference to an RS
configured with qcl-Type set to ‘typeD’, that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS
located in same or different CC/DL BWP.

- when a UE receives a deactivation command, as described in clause 6.1.3.12 of [10, TS 38.321], for activated
CSI-RS/CSI-IM resource set(s) associated with configured CSI resource setting(s), and when the UE would
transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the
deactivation command, the corresponding actionsin [10, TS 38.321] and UE assumption on cessation of CSI-
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RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource set(s) shall apply starting
from the first slot that is after slot n + 3N /™™ 4 zu;r!:lac  kemac Where 4 isthe SCS configuration for the
PUCCH and uy,, . isthe subcarrier spacing configuration for k.. with avalue of 0 for frequency range 1, and

Kmac isprovided by K-Mac or k. = 0 if K-Mac is not provided.

A codepoint of the CSI request field in the DCI is mapped to a SP-CSl triggering state according to the order of the
positions of the configured trigger states in CSl -SemiPersistentOnPUSCH-Trigger Statelist, with codepoint ‘0" mapped
to the triggering state in the first position. A UE validates, for semi-persistent CSI activation or release, aPDCCH on a
DCI only if the following conditions are met:

- the CRC parity bits of the DCI format are scrambled with a SP-CSI-RNTI provided by higher layer parameter
sp-CS-RNTI

- Special fields for the DCI format are set according to Table 5.2.1.5.2-1 or Table 5.2.1.5.2-2.

If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of
semi-persistent CS| transmission on PUSCH, and the UE activates or deactivates a CSl Reporting Setting indicated by
CSl request field in the DCI. If validation is not achieved, the UE considers the DCI format as having been detected
with a non-matching CRC.

Table 5.2.1.5.2-1: Special fields for semi-persistent CSl activation PDCCH validation

DCI format 0_1/0_2

HARQ process number
(if present)
Redundancy version
(if present)

setto all '0's

setto all '0's

Table 5.2.1.5.2-2: Special fields for semi-persistent CSl deactivation PDCCH validation

DCl format 0_1/0_2

HARQ process number
(if present)
Modulation and coding scheme settoall '1's
If higher layer configures RA type 0 only, set to all '0's;
If higher layer configures RA type 1 only, setto all '1's;
If higher layer configures dynamic switch between RA type 0 and 1,
then if MSB is'0’, set to all '0's; else, set to all '1's
For DCI 0_1, if higher layer configures RA type 2, setto all '1's if p =
0;settoall'Osifu=1

set to all '0's

Resource block assignment

Redundancy version

(if present) setto all '0's

If the UE has an active semi-persistent CSI-RS/CSI-IM resource configuration, or an active semi-persistent ZP CSI-RS
resource set configuration, and has not received a deactivation command, the activated semi-persistent CSI-RS/CSI-IM
resource set or the activated semi-persistent ZP CSI-RS resource set configurations are considered to be active when the
corresponding DL BWP is active, otherwise they are considered suspended.

If the UE is configured with carrier deactivation, the following configurations in the carrier in activated state would also
be deactivated and need re-activation configuration(s): semi-persistent CSI-RS/CSI- IM resource, semi-persistent CSI
reporting on PUCCH, semi-persistent SRS, semi-persistent ZP CSI-RS resource set.

5.2.1.5.3 Aperiodic CSI-RS for tracking for fast SCell activation

When the UE receives an Enhanced Scell Activation/Deactivation MAC-CE that triggers one or two CSI-RS bursts for
fast SCell activation for a (set of) deactivated SCell(s),

- if the MAC-CE indicates that the first CSI-RS burst for SCell activation is present in an SCell, then the UE may
assume that the first CSI-RS burst for SCell activation is present in that SCell. The first slot of the first CSI-RS
burst starts at the my" SCell slot after the last SCell slot coinciding with the reference slot n+k, as defined in
clause 4.3 of [6, TS38.213].
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- if the MAC-CE indicates that the second CSI-RS burst for SCell activation is present in an SCell, then the UE
may assume that the second CSI-RS burst for SCell activation is present in that SCell. The first dot of the second
CSI-RS burst starts at the m™ SCell slot after the end of the first CSI-RS burst. The CSI-RS of the second burst
shall have the same antenna port index, OFDM symbol alocationsin a slot, same PRB allocation location as the
CSI-RS of thefirst burst.

- wherethe CSI-RS burst is defined as four CSI-RS resources in two consecutive dotsin clause 5.1.6.1.1.1, and
my and my are provided by aperiodicTriggeringOffsetL 2 in NZP-CS -RS ResourceSet and gapBetweenBursts,
respectively, associated with the CSI-RS burst(s) triggered by the MAC-CE.

5.2.1.6 CSI processing criteria

The UE indicates the number of supported simultaneous CSI calculations Np,; with parameter simultaneousCSl -
ReportsPer CC in acomponent carrier, and simultaneousCSl -ReportsAllCC across all component carriers. If aUE
supports N.py; Simultaneous CSI calculationsit is said to have N-p,; CSI processing units for processing CSl reports. If
L CPUs are occupied for calculation of CSI reportsin agiven OFDM symbol, the UE has N.p;; — L unoccupied CPUSs.
If N CSl reports start occupying their respective CPUs on the same OFDM symbol on which Nqpy — L CPUs are
unoccupied, where each CSl reportn = 0, ..., N — 1 correspondsto 08?[, the UE is not required to updatethe N — M
requested CSl reports with lowest priority (according to Clause 5.2.5), where 0 < M < N isthe largest value such that

YM-200) < Nepy — L holds,

A UE is not expected to be configured with an aperiodic CSl trigger state containing more than N.p;; Reporting
Settings. Processing of a CSl report occupies a number of CPUs for a number of symbols as follows:

Ocpy = 0 for aCSl report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none’ and
CS-RS-ResourceSet with higher layer parameter trs-Info configured

- Ocpy = 1 for aCsl report with CSl-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP',
'ssh-Index-RSRP, 'cri-SINR', 'ssh-Index-SINR', ‘cri-RSRP-Capability[ Set] Index', 'ssh-Index-RSRP-
Capability[ Set]Index', ‘cri-SINR-Capability[ Set] Index', ‘ssb-1ndex-SINR-Capability[ Set]Index ' or 'none’ (and
C9-RS-ResourceSet with higher layer parameter trs-Info not configured)

- for aCsl report with CS-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', ‘cri-
RI-i1', ‘'cri-RI-i1-CQI", ‘cri-RI-CQI', or 'cri-RI-LI-PMI-CQI',

- if max{ UppccH, Hesrs, Hull < 3, and if aCSl report is aperiodically triggered without transmitting a
PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSl
corresponds to asingle CSl with wideband frequency-granularity and to at most 4 CSI-RS portsin asingle
resource without CRI report and where codebookType is set to 'typel-SinglePanel’ or where reportQuantity is
set to 'cri-RI-CQI', O¢py = Nepy,

- If aC3-ReportConfig is configured with codebookType set to 'typel -SinglePanel’ and the corresponding CSl-
RS Resource Set for channel measurement is configured with two Resource Groups and N Resource Pairs,
Ocpy = X - N + M, where X isthe number of CPUs occupied by a pair of CMRs subject to [UE capability]
and M isdefined in clause 5.2.1.4.2.

- otherwise, O;py = K, where K isthe number of CSI-RS resourcesin the CSI-RS resource set for channel
measurement.

For a CSl report with CSl-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are
occupied for anumber of OFDM symbols as follows:

- A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSl report on PUSCH after the
PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-
IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no
later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH
carrying the report.

- Anaperiodic CSl report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until
the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH
candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose
of determining the CPU occupation duration, the PDCCH candidate that ends later in timeis used.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 87 ETSI TS 138 214 V17.3.0 (2022-09)

- Aninitial semi-persistent CSl report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol
after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception
includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS
38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in
timeisused.

For a CSl report with CSl-ReportConfig with higher layer parameter reportQuantity set to 'none’ and CS-RS
ResourceSet with higher layer parameter trs-Info not configured, the CPU(s) are occupied for a number of OFDM
symbols as follows:

- A semi-persistent CSl report (excluding an initial semi-persistent CSl report on PUSCH after the PDCCH
triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission occasion of
periodic or semi-persistent CSI-RS/SSB resource for channel measurement for L1-RSRP computation, until Z;
symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel measurement for L1-
RSRP computation in each transmission occasion.

- Anaperiodic CSl report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until
the last symbol between Z; symbols after the first symbol after the PDCCH triggering the CSI report and Z;
symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-
RSRP computation.

where (Z3, Z}) are defined in the table 5.4-2.

In any dlot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than
reported as capability. NZP CSI-RS resource is active in aduration of time defined as follows. For aperiodic CSI-RS,
starting from the end of the PDCCH containing the request and ending at the end of the scheduled PUSCH containing
the report associated with this aperiodic CSI-RS. When the PDCCH candidates are associated with a search space set
configured with searchSpaceLinking, for the purpose of determining the NZP CSI-RS resource active duration, the
PDCCH candidate that ends later in time among the two linked PDCCH candidates is used. For semi-persistent CSI-RS,
starting from the end of when the activation command is applied, and ending at the end of when the deactivation
command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling,
and ending when the periodic CSI-RS configuration is released. If a CSI-RS resource isreferred N times by one or more
CSl Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. For
a CSI-RS Resource Set for channel measurement configured with two Resource Groups and N Resource Pairs, if a CSl-
RS resource isreferred X times by one of the M CSI-RS resources, where M is defined in clause 5.2.1.4.2, and/or one or
two Resource Pairs, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times.

522 Channel state information

5.2.2.1 Channel quality indicator (CQI)

The CQI indices and their interpretations are given in Table 5.2.2.1-2 or Table 5.2.2.1-4 for reporting CQI based on
QPSK, 16QAM and 64QAM. The CQI indices and their interpretations are given in Table 5.2.2.1-3 for reporting CQI
based on QPSK, 16QAM, 64QAM and 256QAM. The CQI indices and their interpretations are givenin Table 5.2.2.1-5
for reporting CQI based on QPSK, 16QAM, 64QAM, 256QAM and 1024 QAM.

Based on an unrestricted observation interval in time unless specified otherwise in this Clause, and an unrestricted
observation interval in frequency, the UE shall derive for each CQI value reported in uplink slot n the highest CQI
index which satisfies the following condition:

- A single PDSCH transport block with a combination of modulation scheme, target code rate and transport block
size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the
CSl reference resource, could be received with atransport block error probability not exceeding:

- 0.1, if the higher layer parameter cqi-Table in CS-ReportConfig configures 'tablel’ (corresponding to Table
5.2.2.1-2), or 'table2' (corresponding to Table 5.2.2.1-3), or if the higher layer parameter cgi-Tablein CS-
ReportConfig configures 'tabled-r17' (corresponding to Table 5.2.2.1-5), or

- 0.00001, if the higher layer parameter cqi-Tablein CS-ReportConfig configures 'table3' (corresponding to
Table5.2.2.1-4).
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If the higher layer parameter timeRestrictionFor ChannelMeasurementsis set to "notConfigured”, the UE shall derive
the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later
than the CSl reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting.

If the higher layer parameter timeRestrictionFor ChannelMeasurements in CS-ReportConfig is set to "Configured”, the
UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent,
no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CS|
resource setting.

If the higher layer parameter timeRestrictionForInterferenceMeasurementsis set to "notConfigured”, the UE shall
derive the interference measurements for computing CSl value reported in uplink slot n based on only the CSI-IM
and/or NZP CSI-RS for interference measurement no later than the CSI reference resource associated with the CSI
resource setting.

If the higher layer parameter timeRestrictionForInterferenceMeasurements in CS-ReportConfig is set to "Configured”,
the UE shall derive the interference measurements for computing the CSl value reported in uplink slot n based on the
most recent, no later than the CSI reference resource, occasion of CSI-IM and/or NZP CSI-RSfor interference
measurement (defined in [4, TS 38.211]) associated with the CSI resource setting.

If the higher layer parameter cqi-BitsPer Subband in CS -ReportConfig is not configured, for each sub-band index s, a 2-
bit sub-band differential CQI is defined as:

- Sub-band Offset level (s) = sub-band CQI index (s) - wideband CQI index.
The mapping from the 2-bit sub-band differential CQI values to the offset level isshown in Table 5.2.2.1-1

Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level

Sub-band differential CQI value Offset level
0 0
1 1
2 22
3 <-1

If the higher layer parameter cqi-BitsPer Subband in CS-ReportConfig is configured, for each sub-band index s, a 4-hit
sub-band CQI is reported. The 4-bit sub-band CQI for each sub-band sisa CQI index in Table 5.2.2.1-2, Table 5.2.2.1-
3, or Table 5.2.2.1-4 as configured by the higher layer parameter cqi-Table in CS-ReportConfig.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signaled for transmission on the PDSCH in the CSI reference resource according to the
Transport Block Size determination described in Clause 5.1.3.2, and

- the modulation scheme isindicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource resultsin
the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesisrelevant.
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Table 5.2.2.1-2: 4-bit CQI Table

CQIl index modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 640QAM 567 3.3223
12 640QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 640QAM 948 5.5547

Table 5.2.2.1-3: 4-bit CQI Table 2

CQlindex | modulation [ code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 640QAM 567 3.3223
9 64QAM 666 3.9023
10 64QAM 772 45234
11 640QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063

Table 5.2.2.1-4: 4-bit CQI Table 3

CQlindex | modulation [ code rate x 1024 | efficiency

0 out of range

1 QPSK 30 0.0586
2 QPSK 50 0.0977
3 QPSK 78 0.1523
4 QPSK 120 0.2344
5 QPSK 193 0.3770
6 QPSK 308 0.6016
7 QPSK 449 0.8770
8 QPSK 602 1.1758
9 16QAM 378 1.4766
10 16QAM 490 1.9141
11 16QAM 616 2.4063
12 640QAM 466 2.7305
13 64QAM 567 3.3223
14 640QAM 666 3.9023
15 640QAM 772 4.5234
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Table 5.2.2.1-5: 4-bit CQI Table 4

CQIl index modulation | code rate x 1024 | efficiency

0 out of range
1 QPSK 78 0.1523
2 QPSK 193 0.377
3 QPSK 449 0.877
4 16QAM 378 1.4766
5 16QAM 616 2.4063
6 640AM 567 3.3223
7 640AM 666 3.9023
8 640AM 772 4.5234
9 640AM 873 5.1152
10 2560AM 711 5.5547
11 256QAM 797 6.2266
12 2560AM 885 6.9141
13 2560AM 948 7.4063
14 10240AM 853 8.3301
15 10240AM 948 9.2578

522.1.1 (void)

5.2.2.2 Precoding matrix indicator (PMI)

52221 Type | Single-Panel Codebook

For 2 antenna ports {3000, 3001} and the UE configured with higher layer parameter codebookType set to ‘typel -
SinglePanel’ each PMI value corresponds to a codebook index given in Table 5.2.2.2.1-1. The UE is configured with the
higher layer parameter twoTX-CodebookSubsetRestriction. The bitmap parameter twoTX-CodebookSubsetRestriction
formsthe bit sequence a, ..., a;,a, where a, isthe LSB and a5 isthe MSB and where a bit value of zero indicates

that PMI reporting is not allowed to correspond to the precoder associated with the bit. Bits O to 3 are associated
respectively with the codebook indices 0 to 3 for U=1 layer, and bits 4 and 5 are associated respectively with the
codebook indices 0 and 1 for V=2 |ayers.

Table 5.2.2.2.1-1: Codebooks for 1-layer and 2-layer CSl reporting using antenna ports 3000 to 3001

Codebook Number of layers
index 1 5
0 11 1/1 1
V2|1 2|1 -1
1 1 [1} 1{1 1}
V2] 21 —j
5 1 {1}
V2|1 )
11
3 — -
«/5{— J}

For 4 antenna ports { 3000, 3001, 3002, 3003}, 8 antenna ports { 3000, 3001, ..., 3007}, 12 antenna ports { 3000, 3001,
..., 3011}, 16 antenna ports { 3000, 3001, ..., 3015}, 24 antenna ports { 3000, 3001, ..., 3023}, and 32 antenna ports
{3000, 3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to 'typel -SinglePanel',
except when the number of layers v e {2,3,4} (where » isthe associated Rl value), each PMI value corresponds to
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three codebook indices i, , ,i; , ,i,.- When the number of layers v ¢ {2,3,4} , each PMI value corresponds to four
codebook indices iy, , i, , ,i, 5 ,1,- The composite codebook index iy is defined by

|:ill ilz] ve {234
|:ill Iy 2 il3] ve{234}

The codebooks for 1-8 layers are given respectively in Tables5.2.2.2.1-5, 5.2.2.2.1-6, 5.2.2.2.1-7,5.2.2.2.1-8,5.2.2.2.1-
9,522.21-10,5.2.2.2.1-11, and 5.2.2.2.1-12. The mapping from i, ; to k; and k, for 2-layer reporting isgivenin

Table 5.2.2.2.1-3. The mapping from i, ; to k; and k, for 3-layer and 4-layer reporting when P.g g5 <16 isgivenin

|1:

Table5.2.2.2.1-4. The quantities ¢, , #p, Uy, v, ,,and ¥, =~ aregiven by
@, = ej/m/2
ep — ej”p/4
i 2zrm J.27rm(N2—1)
1 e%N .o ON N,>1
Uy, =
1 N2 :1
r .2 2Ny T
Vim=|Un €%Mu, - e M oy
M [ 4 (N,/2-) T
\7I,m: u, € OlNlum € AN Un,

- Thevduesof N,and N, are configured with the higher layer parameter n1-n2, respectively. The supported
configurations of (N, N,) for agiven number of CSI-RS ports and the corresponding values of (0,,0,) are
givenin Table 5.2.2.2.1-2. The number of CSI-RS ports, Pg gs, iS2N,N,.

- UEshdl only use i, , =0 and shall not report i, , if the value of Nzis 1.

The bitmap parameter n1-n2 forms the bit sequence ap 1, 8,8 where a, istheLSB and CY istheMSB and

where a bit value of zero indicates that PMI reporting is not alowed to correspond to any precoder associated with the
bit. The number of bitsisgivenby A = N,O N,O,. Except when the number of layers v e {3,4} and the number of

antenna portsis 16, 24, or 32, hit a, ., isassociated with all precoders based on the quantity v, , ,

I=0,...,N;0 -1, m=0,...,N,0, —1. When the number of layers » e {3,4} and the number of antenna portsis 16,
24, or 32,

- bits &y o2 -1m)madNONG, - Ao(2)+m: and 8o (a14)+m are each associated with all precoders based on the
quantity v, ,, 1=0,...,N;0,;/2-1, m=0,...,N,0, -1;

- if one or more of the associated bitsis zero, then PMI reporting is not allowed to correspond to any precoder
basedon v, . .

For UE configured with higher layer parameter codebookType set to 'typel -SinglePanel’, the bitmap parameter typel -
SnglePanel-ri-Restriction forms the bit sequence r,...,r;, r, where ry isthe LSB and r, isthe MSB. When r, is zero,

ie{0,1,...,7}, PMIl and RI reporting are not allowed to correspond to any precoder associated with v=i+1 layers.

For UE configured with higher layer parameter reportQuantity set to ‘cri-RI-i1-CQI', the bitmap parameter typel-
SnglePanel-codebookSubsetRestriction-i2 forms the bit sequence by, -..,b;, by Where b, isthe LSB and b, 5 isthe
MSB. The bit b; is associated with precoders corresponding to codebook index i, = i. When b; is zero, the randomly
selected precoder for CQI calculation is not allowed to correspond to any precoder associated with the bit b;.
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Table 5.2.2.2.1-2: Supported configurations of (N;,N,)and (0;,0,)

Number of
CSI-RS antenna ports, P-g.gg (Nl’ NZ) (01,02)
4 (2,.1) (4,1)
8 (2,2) (4,4)
(4,2 (4,9
(3,2) (4,9
2 (6,1 (4,1)
(4,2 4,9
1 (8.1) 4,0
(4,3) (4,4)
24 (6.2) 4.4)
(12,1) (4,1)
4,9 4,9
32 (8,2) (4,4)
(16,1) (4,1

Table 5.2.2.2.1-3: Mapping of i, ; to k; and k, for 2-layer CSl reporting

[ M>No>T] Ni=N, [ N =2N,=1] N, >2N,=1
H kl k2 kl k2 I(1 k2 I(1 k2
0] o o oo o 0 0 0
1] 0 | 0[O0 ]| 0| O 0 o, 0
2| o |0, | o]0 20, | o
320, |00 |0, 0 0

Table 5.2.2.2.1-4: Mapping of i, ; to k; and k, for 3-layer and 4-layer CSl reporting when Pgg s <16

2N =T [N =N =1 [N =8N, =1 [ Ny=2N; =2 [Ny =3N, =2
’ Ky Ky Ky Ky Ky ka Ky Ky Ky ka
0 O, 0 O, 0 O, 0 O, 0 O, 0
1 20, 0 20, 0 0 0, 0 0,
2 Ko 0 Ko) 0 O, 0, 0, 0,
3 40, 0 20, 0

Table 5.2.2.2.1-5: Codebook for 1-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1

l11

l12

)

01,...,N,0, -1

0,...,N,0, -1

0123 | W¥ |

1107120

1
where W@m =—{

v PCS-RS

Mim }
OVim |
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codebookMode =2, N, >1
' ke 0 1 i 2 3
N,Oy N,O (D) D (1) (2)
Ovl---vlT—l 0L... %—1 W2i1,1,2i1,2,o VVzim,ziLz,l VVzin,ziLz,z W2i1,1,2i1,2,3
' ke 4 5 i 6 7
N,O; N,O 1) & D D
Ovl---vlT—l 0L... %—1 V\éilyﬁl,ZiLz,O \N2i1‘1+],2i12,1 \Aéilyl+1,2i1y2,2 \Aéilyl+1,2i1y2,3
l11 i12 '
8 9 10 11
N,O; N,O 1 ) ) D
0:1---117—1 01.. %—1 V\éim,zilﬁlo VVziLl,zilerLl Wzim,zilzﬂz V\éim,Zim%—lfS
l11 i12 '
12 13 14 15
N N,O 1 ) ) &
Orl---vlTol—l 0L... %—1 \Aéil,1+12ilz+10 VVZiL1+J,2iLZ+11 \Aéil,1+12ilz+12 W2i1J+12i12+1,3
v
o __ 1 h,m
where Wi, =—— .
VFResrs LAVim
codebookMode =2, N, =1
i i Iy
1,1 1,2 0 1 2 3
NO, ) ) ) )
0L..—=-1| o Wfim,qo V\éu,o,l V\ém,o,z V\ém,os
. i
i i 2
“ v 4 5 6 7
N,O, @ D @ D
Ovl---vlT—l 0 W2i1‘1+1,0,0 V\émﬂ,o,l W2i1,1+1,0,2 V\émﬂ,os
i i Iy
" - 8 9 10 11
N,O; @ @ @ ®
Oyl---vilz 1] o0 W2i1v1+2,0,0 W2i1,1+2,0,1 W2i1‘1+2,0,2 W2i1v1+2,0,3
i i Iy
" -2 12 13 14 15
NO, 0 ) ® o)
0,1...,17—1 0 W2i1‘1+3,0,0 V\én+3,0,1 W2i1‘1+3,0,2 W2i1‘1+3,0,3
v
o __ 1 h,m
where Wi, =—— .
ﬂ PCQ-RS ¢I’1V|,m

Table 5.2.2.2.1-6: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1
i1,l il,2 i2

01...N,O,-1 | 0..,N,0,-1 | 01 | w®

1,1’i1‘1+k1’i1‘2 'i1,2+k2 'i2

Whel’eW(z) 1 |:V|,m VI',rTf :|
I —_—— .

Jmm,n m OMm OV

and the mapping from i, ; to k; and k, isgiveninTable5.2.2.2.1-3.
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codebookMode =2, N, >1
. i
li1 l1,2 0 2 1
N,O (2 2
0.. .,—leol -1]0,... —22 2-1 W21‘1,2i111+k1,2'1‘2,2'1‘2+k2,0 méilyl,2i1‘1+k1,2iu,2i1‘2+k2,1
. i
li1 l1,2 > 2 3
N,O. (2 2
0, Nl—zol -1|0,... % =1 | Wl ek, 2, 20,4k, o .21, 414k 20,20+ 4
. i
l11 I1,2 4 2 5
N,O. 2 2
0,.. .,Nl—zol -1 0,... ,% -1 Wz(i]_]),zi]_]+k,,2i,‘2+1,2i,‘2+1+k2,0 V\éiu,2il‘l+k1,2ilz+l2ilv2+1+k2,1
. i
l11 I1,2 E 2 7
N,O (2) (2)
0,.. Nl—zol -1]0,... % =1 | WoT a1 sark 20, 41,20, 424k,0 | VB 41,21, 414k 20, 41,21, 414K, L
v v/
(2) _ 1 I,m 1", m
where W' . =—=—=— :
V\{J mm.n \IZPCQ.RS |:¢nvl ,m —(PnVr,m
and the mapping from i, , to k; and k, isgiveninTable5.2.2.2.1-3.

codebookMode =2, N, =1

il.l il,2 I2
0 1 2 3
NG 2 2 @ 2)
0, S 110 .25, +k 0,00 \Nz(i1‘1,2i1‘1+k1,0,0,1 Woi 11,21, 14k 0,00 i 4120, +1+k 0,01
l11 i1,2 2
4 5 6 7
2 (2) (2)
Q... Nl—zol 1| 0 | Wiioa 2e000 V\éilv1+2,2il‘l+2+kl,0,0,1 Woi i32i, 431k 000 | Woi +3.2i,43+k.0,01

2 1 Vl,m VI',rT‘(
where V\{(I‘) N ] .
MmN \IZPCQ.RS ¢nvl,m —(PnVr,m

and the mapping from i, ; to k; isgiveninTable5.2.2.2.1-3.

Table 5.2.2.2.1-7: Codebook for 3-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1-2, P.g.rs <16

i1 l12 )
3
0,..,N;O, -1 01%....N,0,-1 01 K,
\Y/ \'2 \/
3 1 I,m (i I,m
where WFI'),m,m.n =

VBPCSI-RS OVm Gt —PMm .

and the mapping from i, ; to k; and k, isgivenin Table5.2.2.2.1-4.
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codebookMode = 1-2, P.g.gg =16

11 l12 I3 Iy
0. M1 | om0t | 0123 | 01| WY,
Y m Ym Ym
1 9p\7| ,m —9p\7| m Hpvl m

@ _ __
where W = v Y Y
mp.n Progrs| PVim OV m Vi m
PO m  ~POpVim  —PabpYim

Table 5.2.2.2.1-8: Codebook for 4-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1-2, P.g.rg <16

i11 li2 3
4
0,...,N,O, —1 01...N,0,-1 | 01 1‘1.?1,1+k1.i1,2,i1‘2+k2,iz
1 Mm M nt M.m M nt

(4) —
where W/ in =—F7—— .

famn \/4PC5|.R5 ¢nvl,m ¢nvl’,m’ 2\ m _¢nVI’,m
and the mapping from i, ; to k; and k, isgivenin Table5.2.2.2.1-4.

codebookMode = 1-2, P.g.rs =16

il,l l12 l1,3 )
N
0,'__,1701_1 0..N0,-1 | 0123 | 01 | W&
Y ,m Y ,m Y m Y m
1 9p\7| m _epvl ,m ep\Nl' ,m —9p\7| m

4 _
where W = - ~ ~ -
AP0 \/4PCSI—RS ¢nvl m ¢nvl m _¢nvl ,m _¢nvl ,m
(Pn epvl m _¢n9p\7l m —¢n9p\7| m (pnepvl ,m

Table 5.2.2.2.1-9: Codebook for 5-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1-2
i1,l i1,2 i2
5
Np>1 | 0y NO=1 | 0NpO, =1 | 01 | WO 0 i
5
Nl > 2, N2 == 1 0, ceey Nlol —1 0 0,1 W;L(;!)il‘1+olli1,1+2011010!0!i2

1 M.m Mm Wt Mt Vit

(5) _ _
where Wi 1 ninen = '
T m PMm —PMm Mt Mot Mo
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Table 5.2.2.2.1-10: Codebook for 6-layer CSI reporting using antenna ports 3000 to 2999+Pcs-rs

codebookMode = 1-2
i1,l i1,2 i2
6
N2 >1 0,..., Nlol -1 0..., N202 -1 0'1 Wl(,1|?1,1+01'i1,1+01‘i1‘2‘il‘Z‘il,2+02‘i2
_ (6)
N, >2,N, =1 0,....,N;O, -1 0 01 Wm,i111+01,i1‘1+2q,0,0,0,i2
Vv, \" Vi 7 Vi~ Vj»
6) _ 1 Im I,m 1"t I”,nf 1nt Mt
where Wi it n = == :
e " 6PCSI-RS O m O\ m ¢nvl',n1 _¢nvl',n1 VI’,m’ _VI”,rTf’

Table 5.2.2.2.1-11: Codebook for 7-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1-2

I1,l |112 I

N (7)

N, =4,N,=1 | 0,.. .,1701—1 0 01 Wl‘l,i111+ol,il‘l+2q,i1‘1+301,0,0,0,0,i2
7

Nl > 4, N2 = l 0, ceey Nlol —1 O 0,1 Wl(J!i)1,1+q!i1‘1+201!i1‘1+w1101010101i2

_ _ (7)
Nl B 2' N2 =2 O'”., Nlol -1 0’ ! N202 -1 0'1 W1,1vi1‘1+q'i1,1ri1,1+q'i1,2'i1,2ri1,z+ozvixz"'g'iz
NG, _

(7)
o 2 1 0’1 Wl,l’i1‘1+ol'i1,1’i1,1+ol'il,2'i1,2’i1,2 +G, ,i1‘2+02,i2

N,>2,N,>2 | 0..,NO-1 | 0,...,N,0,-1 | 01

N,>2,N,=2 | 0...,NO -1 | 0.

(7)
Wl,l 1 +Ol'|1,1 v|1,1+01 gl 2o +0, o +0,.,

1 Vim M'm Wt Mt Mo M7 Moar
where W$|7',)|”,|",m,m.nf,nf',n ==
\’7PCS|-RS OV ,m —OV ,m ¢nvl’,n1 17, _VI’,m’ 17, _VI”,m"

Table 5.2.2.2.1-12: Codebook for 8-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1-2
il,l i1,2 i2
_ _ NG ®
N;=4N; =1 0. "T_l 0 01 W 00,4201, +30,00,00i,
_ (8)
N, >4,N; =1 0....N,G -1 0 01 W 00,4201, +30,00,00i,
_ _ 8)
Nl B 2, N2 =2 O,“ v Nlol -1 0’. v N202 -1 0'1 1‘1'i1,1+01'i1‘1'i1‘1+011i1‘2'il‘z'i1‘2+g'i1,2+ozviz
N,O. )
Nl > 2, N2 =2 O,” v Nlol = 0" ce 22 2 -1 0’1 1‘1vim+olri1‘11i1‘1+011i1‘2ri1‘21i1‘2+021i1,2+021i2
8)

N; >2,N,>2 0,....,.N,0, -1 0,...,N,0, -1 01 QUi i 400y +O i +O0
here W 1 Mm  Mm Mw Vrr Mewr Mewr Mo Moar
whnere Yy i 17 mfntn’n = e .

" " V8PCSI-RS OV ,m —P\M m ¢nvl',n{ _¢nvl',n1 (o _VI’,r'rf Vl”,m" _VI”,m’

5.2.2.2.2 Type | Multi-Panel Codebook

For 8 antenna ports { 3000, 3001, ..., 3007}, 16 antenna ports { 3000, 3001, ..., 3015}, and 32 antenna ports { 3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to 'typel -MultiPanel’,
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- Thevauesof N o Ny and N, are configured with the higher layer parameters ng-n1-n2. The supported

configurations of ( Ng, N, N2) for a given number of CSI-RS ports and the corresponding values of (0,,0,)
aregivenin Table 5.2.2.2.2-1. The number of CSI-RS ports, Reggs, IS 2N N;N,, -

- When N g =2 , codebookMode shall be set to either '1' or '2'. When N g =4 , codebookMode shall be setto '1'.

The bitmap parameter ng-n1-n2 forms the bit sequence p 1..8,8 where a, isthe LSB and a4 isthe MSB and

where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoder associated with the
bit. The number of bitsisgivenby A, = N,O,N,0,. Bit a .., isassociated with all precoders based on the quantity

Vims 1=0...,N;O, -1, m=0,...,N,0, -1, as defined below. The bitmap parameter ri-Restriction forms the bit
sequence rs,..., 1, ry Where ry isthe LSB and r, isthe MSB. When 1, iszero, i< {0,1,...,3} , PMI and Rl reporting are
not allowed to correspond to any precoder associated with 0 =1+1 layers.

Table 5.2.2.2.2-1: Supported configurations of (Ng,Nl,Nz) and (0;,0,)

Number of
CSI-RS antenna ports, Peg.gg (Ng= Ny, Nz) (01102)
8 (2.2,1) (4.1)
(2,4,1) (4,1)
16 (4,2,1) (4,1)
(2.2.2) (4,4)
(2,8,1) 4,1
32 (4.4.1) (4.1)
(2.4.2) (4.4)
(4.22) (4.4)

Each PMI value corresponds to the codebook indices i; and i,, where i, isthe vector

[y b g v=1
[y by bs ] ve{234

and » isthe associated Rl value. When codebookModeissetto'1', i, , is

|1:

. 141 g= 2
lia=1r. . . .
['1,4,1 h,4,2 '1,4,3} Ny =4
When codebookMode is set to ‘2, i, , and i, are
i1,4 = [i14,1 i14,2]
Ip = [iz,o i1 iz,z]

The mapping from i, ; to k; and k, for 2-layer reporting is givenin Table 5.2.2.2.1-3. The mapping from i, ; to k;
and k, for 3-layer and 4-layer reporting is givenin Table 5.2.2.2.2-2.

- UEshdl only use i, , =0 and shall not report i, , if thevalue of Nzis 1.
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Table 5.2.2.2.2-2: Mapping of i, ; to k; and k, for 3-layer and 4-layer CSl reporting

i N,=2,N,=1 | Nj=4,N, =1 | N;=8N,=1 | N;j=2,N, =2 | N;=4,N, =2
H kl k2 kl k2 kl k2 kl k2 kl k2
0 )] 0 )] 0 )] 0 )] 0 )] 0
1 20, 0 20, 0 0 0, 0 0,
2 0 0 kel 0 O, 0, O O,
3 40, 0 20, 0
Several quantities are used to define the codebook elements. The quantities ¢, a,, , b, , u,, and v, ,, aregivenby
@y = ej/rn/z
bn _ e—jﬂ/4ej7m/2
i 2zm J.27rm(N2—l)
1 eozNz eoe OzNz N2>1
Uy =
1 N2 =1
.2 27 (N1 T
Vim=|Uy € 2Muy e oMy
Furthermore, the quantities V\/llr,:\I i,"ln and V\/,vzr’nljl;y’i (Ng€{24}) are given by
[ Vl,m_ [ VI,m_
NV 1 PaMiim W22l 1 ~OVim
_¢n¢7p1\4,m_ —(/7n(/7p1V|,m_
[ Vl,m_ [ VI,m_
¢nvl,m _¢nvl,m
¢plvl,m ¢p1VI,m
WL 1 (on(/’plvl,m W24l _ 1 _(/7n(0p1V|,m
¢n¢’pzvl,m _(/’nwpzvl,m
¢p3vl,m ¢p3vl,m
_¢n(/’pavl,m_ __wnwpavl,m_
where
P Ng =2
p = 1
[ P ps] Ng=4

and the quantities V\/,lr,’:l gpi and V\/lyzr’,sg"rz, (N, = 2)aregivenby
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Vim Vim
\/\/|1’2’2 _ 1 ¢novl,m \N|2,2,2 _ 1 _(pnovl,m
,m,p,n ,m,p,n
P V F)CSI-RS ap1bn1vlrm P A I:)CSI—RS ap1br'1vlvm
apzbnzvl,m _apzbnzvl,m
where
p=[p P
n=[ny n ny]

The codebooks for 1-4 layers are given respectively in Tables 5.2.2.2.2-3, 5.2.2.2.2-4, 5.2.2.2.2-5, and 5.2.2.2.2-6.

Table 5.2.2.2.2-3: Codebook for 1-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ng € {24}
11 i1 i14q: d=1...,Ng -1 i
1
0...,N;O,-1 | 0,...,N,0, -1 0123 0123 Wl(l?ilz.ila.i

1) N, 1

where V\{‘n)1 on =Wmbn-

codebookMode = 2, N g =2
11 i1,2 i14q,9=212 i210 i, 0=12
1
0,...,NO,-1 | 0...,N,O,-1 | 0123 | 0123 01 we

) N,,2

where V\{‘n)1 on =Wmbn-

Table 5.2.2.2.2-4: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ng € {24}

i, i, aqr 9=1...,Ng-1 | b
(2)
O,. .ey Nlol _1 0,.. «y N202 _1 O,l2,3 0,1 I1‘1Vi1,1+k11i1‘2!i1,2+k2!i1‘4!i2
2 17N 2N, 1
where V\/IEI’,)m,m’, p.n E[\Nlm p.n Vvl’,m’,p,n:|

and the mapping from i, , to k; and k, isgiveninTable5.2.2.2.1-3.

codebookMode =2, N g = 2

l11

l12

i14q.9=12

i2q,d=012

0,...,N,O -1

0,...,N,0, -1

0123

01

(2

ll,l ’i1‘1+k1 ’i1,2 ’i1‘2+k2 ’i1,4 ’i2

where W (@

1,1’ mm’, p,n

NA

m, p,n

=i|:W1,Ng,2 le

Ny ,2
m’,p,n

and the mapping from i, , to k; and k, isgiveninTable5.2.2.2.1-3.
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Table 5.2.2.2.2-5: Codebook for 3-layer CSI reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ny € {2,4}

il,l il,2 i1’4’q ’ q=l,...,Ng -1 i2
(©)]
0" T Nlol -1 O"' o NZOZ -1 0'112'3 0'1 I1‘1vi1,1+k1'i1‘2'i1,2+k21i1‘4vi2
3 1 N1 LNy 1 2N, 1
where VVIFI’),m,m', p.n = E[\Nl,m,p,n VVI',m’, p.n Vvl,m, p,n:|
and the mapping from i, ; to k; and k, isgivenin Table5.2.2.2.2-2.
codebookMode =2, N g =2
i1 iy 2 i34q,9=12 | i54,0=0,12
(©)
O"' o Nlol -1 0" T NZOZ -1 0'112'3 0’1 I1,1vi1‘1+k11i1,2vi1‘2+k2'i1,4'i2
3 1M LNg2 ) LN.2 2,N, .2
where \NISI’?m,m’, p.n = ﬁ[vvlm p,n VVI’,m’, p,n VVl,m, p,n:|
and the mapping from i, ; to k; and k, isgivenin Table5.2.2.2.2-2.

Table 5.2.2.2.2-6: Codebook for 4-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ng € {24}

A b iaqr d=L...,Ng -1 | i
)
0,...,N,O 1 | 0,...,N,0, -1 0123 01 | W ik,
4 1 LN, 1 LN, 1 2N, 1 2,N, 1
where \NIEI’,)m,m',p,n = ﬁ[vvl,m,p,n Wt on - Wim,pin Vvl’,m’,p,n:|

and the mapping from i, , to k; and k, isgiveninTable5.2.2.2.2-2.

codebookMode =2, N g = 2
11 i1 2 i14q,9=12 | i4,9=0,12
4
0,...,NjO,-1 | 0..,N,0,-1 | 0123 01 TR
) 1 1N,,2 LN,.2 2,N,.2 2,N,,2
where VVIFI'?m,m’,p,n = ﬁ[vvl,m,p,n Wit on Wimpin Vvl’,m',p,n:|
and the mapping from i, , to k; and k, isgiveninTable5.2.2.2.2-2.

5.2.2.2.3

For 4 antenna ports { 3000, 3001, ..., 3003}, 8 antenna ports { 3000, 3001, ..., 3007}, 12 antenna ports { 3000, 3001, ...,
3011}, 16 antenna ports { 3000, 3001, ..., 3015}, 24 antenna ports { 3000, 3001, ..., 3023}, and 32 antenna ports { 3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to 'typel I’

Type Il Codebook

- Thevauesof N,and N, are configured with the higher layer parameter n1-n2-codebookSubsetRestriction. The
supported configurations of (N, N,) for agiven number of CSI-RS ports and the corresponding values of
(0,,0,) aegivenin Table5.2.2.2.1-2. The number of CSI-RS ports, Peg s, iS 2NN, .

- Thevaueof L isconfigured with the higher layer parameter number OfBeams, where L=2 when P.g, ¢ = 4
and L e {2,3,4} when Peg rs > 4.
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- Thevalueof Ny isconfigured with the higher layer parameter phaseAlphabetSze, where N, € {4,8] -

- The UE s configured with the higher layer parameter subbandAmplitude set to 'true or ‘false'.
- TheUE shall not report RI > 2.

When V<2, where , isthe associated RI value, each PM1 val ue corresponds to the codebook indices i; and i, where

. ['1,1 2 ha '1,4,1] v=1
I = . . . . . . =2
iy M2 hzy lax hz2 lhap | VS

[i201 | subbandAmplitude = false, v=1
o [ip01 o1z ] subbandAmplitude = 'false, v =2
2 |:i2,1,1 iz,z,l] subbandAmplitude = ‘true, v =1

[i00 121 Gp1p ip, | subbandAmplitude=true, v =2
The L vectors combined by the codebook are identified by the indices iy, and i ,, where

=[]
qe{01...,0 -1
G e{01...,0,-1

o M)

Let
=[]
n, :[ngo),...,ngL’l)}
ne{01...,N, -1
n{ e {0,1...,N, -1}
and

wherethe valuesof ¢ (x,y) aregivenin Table5.2.2.2.3-1.
Then the elementsof n,; and n, arefound from i, , using the algorithm:

s,;=0
for i =0,...,L-1
Find the largest X €{L—1~i,..,N;N, —1~i} in Table 5.2.2.2.3-1 such that iy, 5, > C(x ,L )
g =C(x,L-i)
S =51+
i) =NN, —1-X
NI
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When n; and n, areknown, i, , isfound using:

'’ = Nﬂ'g) +f’§i) wheretheindices i =0,1,...,L—1 are assigned such that n) increasesas | increases
iy, = _LZ_;C(NlNz —1- n(i),L—i) ,where ¢ (x,y) isgiveninTable5.2.2.2.3-1.

- I1f N,=1,g=0and n{’ =0 fori=01...,,L-1,and g, isnot reported.

- When (N;,N,)=(2,), n, = [0,1] and n, =[0,0],and i, isnot reported.

- When (N;,N,)= (4, and L=4, n, = [0,1,2,3] and n, =[0,0,0,0], and i, , isnot reported.

- When (N,,N,)=(2,2) ad L=4, n = [0,1,0,1] adn, =[0,0,1,1],and i, , isnot reported.

Table 5.2.2.2.3-1: Combinatorial coefficients c (x,y)

y 1 2 3 4
X

0 0 0 0 0
1 1 0 0 0
2 2 1 0 0
3 3 3 1 0
4 4 6 4 1
5 5 10 10 5
6 6 15 20 15
7 7 21 35 35
8 8 28 56 70
9 9 36 84 126
10 10 45 120 210
11 11 55 165 330
12 12 66 220 495
13 13 78 286 715
14 14 91 364 1001
15 15 105 455 1365

The strongest coefficient onlayer |,1=1...,v isidentified by i ;, € {0,1,...,2L -1} .
The amplitude coefficient indicators i, ,, and i, ,, are
Iy4) = [kl(,lo) ' kl(,ll) A k|(,12)|_—1}
i221 = [k|(,20) ' I(|(,21) AR kl(,ZZ)L—l:|
ke{01...,7}
K? e {0,1}
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for | =1,...,v . The mapping from kﬁ) to the amplitude coefficient (}) isgivenin Table5.2.2.2.3-2 and the

mapping from kﬁ) to the amplitude coefficient (’Zi) isgivenin Table 5.2.2.2.3-3. The amplitude coefficients are

represented by
p® =[ A8 p Y. W8 |
p® =[ A% p%. A3 |
forI=1...,v.
Table 5.2.2.2.3-2: Mapping of elements of i, , : k& to p¥
L.l L. . 1,4, * 1,0 Al
1 1
kl(,i) (’i)
0 0
1 64
2 YR
3 VY16
s | 18
5 Jv4
°o | 12
7 1
a3 : k@ )
Table 5.2.2.2.3-3: Mapping of elements of i, , : K" to P
2 2
kl(,i) (’i)
o | 2
1 1

The phase coefficient indicators are
YT :[Q,O’Q,l"“’CI,ZL—l:I

forl=1...,0.

The amplitude and phase coefficient indicators are reported as follows:

- Theindicators ki(,ilja,l =7, K(?m =1,and G, =0 (1=1...v). kP K and G,,, arenot reported for

ri1‘3,\ 'i1,3‘|
I=1...,0.

- Theremaining 2L—1 dlementsof i, ,, (I =1...,0) are reported, where K(})E{O,l-..J} Let M, (

| =1,...,v) bethe number of elementsof i, , , that satisfy kﬁ) >0.

- Theremaining 2L—1 elementsof i,,, ad i,,, (I =1...,0) arereported asfollows
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- When subbandAmplitude is set to 'false,

- K<,2) =Ifor1=1...,0,and i=01...,2L-1 i, ,, isnot reported for | =1,...,v.

- ForI=1...,0, theelementsof i,,, corresponding to the coefficients that satisfy KP >0, i iy, 85

determined by the reported elementsof i, , |, arereported, where ¢, ; € {0,1,..., Npg —1} and the
remaining 2L - M, elementsof i, arenotreported and aresetto ¢;; =0.

- When subbandAmplitude is set to 'true’,

- Forl=1...,v,theelementsof i, andi,,, corresponding tothe min(M,,K(z))—l strongest
coefficients (excluding the strongest coefficient indicated by i, 5 | ), as determined by the corresponding
reported elementsof i, , | , are reported, where kﬁ) €{0% and ¢, € {0,1....,Npg —1} - Thevaluesof
K® are givenin Table5.2.2.2.3-4. The remaining 2L —min(M,K®) elementsof i, ,, arenot
reported and are set to K(? =1. The elementsof i,,, corresponding to the M, —min(M| , K(Z)) weakest

non-zero coefficients are reported, where ¢, ; € {0,1,2,3} . Theremaining 2L — M, elementsof i, ,, are
not reported and are set to ¢ ; =0.

- When two elements, K and K7, of the reported dements of i, , , areidentical (k'3 = K(,lx),), then
element min (x, y) is prioritized to be included in the set of the min(M,,K(z))—l strongest coefficients

fori,,, andi,,, (I=1...,0) reporting.

Table 5.2.2.2.3-4: Full resolution subband coefficients when subbandAmplitude is set to 'true’

L K@
2 4
3 4
4 6

The codebooks for 1-2 layers are given in Table 5.2.2.2.3-5, where the indices m{!) and m{") are given by

m =on +q
m =0, + ¢

for i=01,...,L -1, and the quantities ¢, ,, u,,and v, ,, aregiven by
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/27 /N gubbandAmplitude = false
/276N qubbandAmplitude= ‘true, min(MI , K(Z)) strongest coefficients (including iy 5, ) with k' > 0

ai=1 _ _ o
' e/?/% subbandAmplitude= ‘true, M, —mm(MI , K(Z)) weskest coefficients with kP >0

1 subbandAmplitude= ‘true,, 2L— M, coefficients with k' =0
. 27m i 27m(N,-1)
1 eozNz eoe 0N, N2>1
U, =
1 N 2= 1
.2 271(N,-) T
Vim=|Un € OlNlum e O Umn
Table 5.2.2.2.3-5: Codebook for 1-layer and 2-layer CSl reporting using antenna ports 3000 to
2999+Pcsirs
Layers
_ ® — W1
v=1 e M P PP g G P PP g
1
— (2) _ - 1 2
U_Z ququ’nl'n2rp1(1)vp1(2)'i2,1,1rp§1)'p§2)'i2,1,2 B \/E |:qu,qz,nl,nz,p£1),pl(z),izvn W%ﬂzﬂrnz:Pg)rpéz)vi2,1,2 :|

L-1
) 2 Vo o PP,
where W' = =0 ,1=12,

&% m.ne, Y P g L-1

201
1) 2 )2 (1) ()
\/NlNZ Z ( pl(,i) pl(,i)) Vi ) Pt Pl P
i-0 0

and the mappingsfrom i; to q; ., 4,, Ny, Ny, p{,and p , andfromi, to i, ,,,i,,,, p{? and p{?) areasdescribed

above, including the ranges of the constituent indices of i; and i,.

When the UE is configured with higher layer parameter codebookType set to ‘typell', thebitmap parameter typel I -
RI-Restriction forms the bit sequence r;,r, where r, isthe LSB and r, isthe MSB. When . iszero, i e {0,1}, PMI and

RI reporting are not allowed to correspond to any precoder associated with v=i+1 layers. The bitmap parameter n1-
n2-codebookSubsetRestriction forms the bit sequence B = B, B, where bit sequences B, , and B, are concatenated to

form B . To define B, and B, , first definethe Q,0, vector groups G (r,r,) as
G, 1) ={Wnon o, S % =01 N =L =01, N, 1}
for

re{01...0-1
r,e{01...0,-1"

The UE shall be configured with restrictions for 4 vector groups indicated by (rl(k), rz(k)) for k=0,1,2,3 and identified
by the group indices

g =0+
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k
for k=0,1,...,3, where the indices are assigned such that g( )

increases as K increases. The remaining vector groups
are not restricted.

K
- I N, =1, g( ) =K for k=01...,3,and B, isempty.

- 1f N, >1, |31=qu10) ---bio) isthe binary representation of the integer 3, where bl(lo) isthe MSB and bl(O) is
the LSB. $, isfound using:

3
A=Y c(00,-1-g",4-k),
k=0

where ¢ (x,y) isdefined in Table 5.2.2.2.3-1. The group indices g(k) and indicators (rl(k),rz(k)) for
k=0,1,2,3 may befound from g, using the algorithm:
s;=0
for k=0,...,3
Find the largest X €{3~K,...,00,~1-K} such that Bi-s12C(X,4-K)
g =C(xX,4-K]
S = St &
¢ =00,-1-%
{9 =g modcy

The bit sequence B, = B’(ZO) él) B’(ZZ) 3(23) is the concatenation of the bit sequences Bék) for k=0,1...,3, corresponding
(k)

tothegroupindices ' . The bit sequence ng) isdefined as

ng) _ b(zk,ZNlNz—l) - _bgk,o)

Bits b(zk,Z( Mx2+>s)+1)bgk|2(lez+>s))

indicate the maximum allowed amplitude coefficient pl(yli) for the vector in group

K
g( ) indexed by x, %, , where the maximum amplitude coefficients are given in Table 5.2.2.2.3-6. A UE that does not
report parameter amplitudeSubsetRestriction = 'supported' in its capability signaling is not expected to be configured
with b(zk’z( M)(?+)9)+1)bgk'2(N1X2+X1)) =01or 10.
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Table 5.2.2.2.3-6: Maximum allowed amplitude coefficients for restricted vectors

Maximum
Bits Amplitude

Coefficient
b(zk,Z lez+x1)+1)g(k,2( N, +%) ®
W

00 0

01 JV4
10 J12

11 1

52224 Type Il Port Selection Codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports { 3000, 3001, ..., 3007}, 12 antenna ports { 3000, 3001, ...,
3011}, 16 antenna ports { 3000, 3001, ..., 3015}, 24 antenna ports { 3000, 3001, ..., 3023}, and 32 antenna ports { 3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to 'typel |-PortSel ection’

- Thenumber of CSI-RS portsisgivenby P s € {4,8,12,16, 24,32} as configured by higher layer parameter
nrofPorts.

- Thevalueof L isconfigured with the higher layer parameter number OfBeams , where L=2 when P.g, s = 4
and L e {2,3,4} when Peg rs > 4.

- Thevalueof d isconfigured with the higher layer parameter portSelectionSamplingSize, where d e {1,2,3,4}

and d < min(%,Lj.

- Thevalueof Ny isconfigured with the higher layer parameter phaseAlphabetSze, where N, < {4,8] -

- The UE isconfigured with the higher layer parameter subbandAmplitude set to 'true' or ‘false’.
- TheUE shdl not report RI > 2.

The UE is aso configured with the higher layer parameter typel I-PortSelectionRI-Restriction. The bitmap parameter
typel I-PortSel ectionRI-Restriction forms the bit sequence r,, r, where r, isthe LSB and r, isthe MSB. When r, is zero,

i e {0,1}, PMI and RI reporting are not allowed to correspond to any precoder associated with v=i+1 layers.

When V<2, where , isthe associated RI value, each PMI val ue corresponds to the codebook indices i, and i, where

= [in 131 i1,4,1} v=1
[in 31 a1 l32 ij,4,2} v=2
[i211] subbandAmplitude = fase, v =1
o [ionr izne] subbandAmplitude = false, v=2
2= [iqul izyquJ subbandAmplitude = 'true’, v =1
[iz,n 521 10 iz,z,z} subbandAmplitude = 'true, v =2

The L antenna ports per polarization are selected by theindex i, , , where

P
i 0,1,...,| —CSRS |_1q1.
'1,15{ { >d —‘ }
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The strongest coefficient onlayer |,1=1,...,v isidentified by i, ,, € {0,1,...,2L -1} .

The amplitude coefficient indicators i, ,, and i, ,, are

I4) = [kl(,lo) d kl(,ll) e kl(,12)L—1:|
i201 = [k|(,20) 'kl(,zl) vvvvv kl(,ZZ)L—l:|
kPe{01...,7}

ki {01}

for I =1,...,v . The mapping from kﬁ) to the amplitude coefficient (}) isgivenin Table5.2.2.2.3-2 and the

mapping from kﬁ) to the amplitude coefficient p|(’2i) isgivenin Table 5.2.2.2.3-3. The amplitude coefficients are
represented by

p® =[ A8 p Y. W8 |
p® =[ A% p%. A3 |
for I =1,...,v.

The phase coefficient indicators are

YT ZI:CI,O’Q,l""’Q,ZL—l:I
for I =1,...,v.
The amplitude and phase coefficient indicators are reported as follows:

- Theindicators ki(,i11)3| =7, Iq(’?m =1,and G are not reported for

l=1...,0.

=0 (1=1...,0). K? , K2 and G;

13 b 131 13l

- Theremaining 2L—1 dementsof i,,, (I =1...,0) arereported, where K(})E{O,l...J} Let M, (

| =1,...,v) be the number of elementsof i, , , that satisfy kl(}) >0.

- Theremaining 2L—1 dlementsof i,,, and i, ,, (I =1...,v) arereported asfollows:

- When subbandAmplitude is set to 'false,

- K<,2) =Ifor1=1...,0,and i=01...,2L-1i,,, isnot reported for | =1...,v.

- Forl=1...,0,the M, -1 elementsof i, , , corresponding to the coefficients that satisfy kﬁ) >0,
i #iy 4, , as determined by the reported elements of i, , | , are reported, where ¢, ; € {0,1,..., Npgc —1} and
theremaining 2L — M, elementsof i, arenot reported and aresetto ¢;; =0.

- When subbandAmplitude is set to ‘true’,

- Forl=1...,v,theelementsof i, andi,,, corresponding tothe min(M,,K(z))—l strongest

coefficients (excluding the strongest coefficient indicated by i, 5, ), as determined by the corresponding
reported elements of i, ,  , are reported, where kﬁ) €{0,1} and ¢ e{01..

.+ Npgg —1} - The values of

K® are given in Table 5.2.2.2.3-4. The remaining 2L —min(M,,K®) elementsof i, ,, arenot
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reported and are set to K% =1. The elementsof i, ,, corresponding to the M, — min(M;,K®) weskest
non-zero coefficients are reported, where ¢, ; € {0,1,2,3} . Theremaining 2L - M, elementsof i, ,, are
not reported and are setto ¢ ; =0.

- When two elements, H(]))( and K@, of the reported elements of i, , , areidentical (lﬁa))( =lﬁ(’1)),), then
element min (x,y) isprioritized to be included in the set of the min(M,,K(z))—l strongest coefficients
fori,,, andi,,, (I=1...,0)reporting.

The codebooks for 1-2 layers are given in Table 5.2.2.2.4-1, where the quantity o isgiven by

/7% /Nex g bbandAmplitude = false
e/27%:/Nex qybbandAmplitude= ‘true, min(MI , K(Z)) strongest coefficients (including iy 5, ) with k& >0

el?™%/*  subbandAmplitude= ‘true, M, — min(MI , K(Z)) weakest coefficientswith k' >0

1 subbandAmplitude= ‘true', 2L — M, coefficientswith kY =0

and v,, isa P.g_rs/2 -€lement column vector containing avalue of 1inelement (m mod P.g,.rs/2) and zeros
elsewhere (where the first element is element 0).

Table 5.2.2.2.4-1: Codebook for 1-layer and 2-layer CSI reporting using antenna ports 3000 to
2999+Pcsirs

Layers
_ ® —W!
U—l il‘l'pil)vp}mvizl‘l _\/\/il,lvpl(ljvpl(z)viz,l,l
1
— (2) - = 1 2
v_2 \A/il,l' . p? 2100 ps?, pf? 212 \/E |:Vvil,1v p( . pf? 211 Vvil,lv P, pf? 212 :|
N @ 1@
1 Zvimdﬂ By Pa
whee W' ., , =——x—o— =0 , 1=12,
1, P B 2 2L-1 @ @ 2 L-1 M @
Z ( Py A ) Zvimdﬂ Pl B ? i
i=0 i=0
and the mappings from i to iy, , p{® ,and p{" andfromiytoi,,, i,,, p{? ,and p{? areasdescribed above,
including the ranges of the constituent indices of i; and i,.

5.2.2.25 Enhanced Type Il Codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports { 3000, 3001, ..., 3007}, 12 antenna ports { 3000, 3001, ...,
3011}, 16 antenna ports { 3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports { 3000,
3001, ..., 3031}, and UE configured with higher layer parameter codebookType set to ' typel I-r16'

- Thevauesof N; and N, are configured with the higher layer parameter n1-n2-codebookSubsetRestriction-r16.
The supported configurations of (N,, N,) for agiven number of CSI-RS ports and the corresponding val ues of
(0,,0,) aregivenin Table5.2.2.2.1-2. The number of CSI-RS ports, Pcsi—grs, 1S 2N, N,.

- Thevauesof L, f and p, are determined by the higher layer parameter paramCombination-r16, where the
mappingisgivenin Table 5.2.2.2.5-1.

- The UE isnot expected to be configured with paramCombination-r16 equal to
- 3, 4, 5, 6, 7, or 8 When PCS]—RS = 4,

- T7or8when Pcg_gs < 32
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- 7 or 8 when higher layer parameter typel|-RI-Restriction-r16 is configured with r; = 1 for any i > 1.
- 7or8whenR = 2.

- The parameter R is configured with the higher-layer parameter number OfPMI-SubbandsPer CQI-Subband. This
parameter controls the total number of precoding matrices N5 indicated by the PMI as a function of the number
of configured subbands in csi-ReportingBand, the subband size configured by the higher-level parameter
subbandSize and of the total number of PRBsin the bandwidth part according to Table 5.2.1.4-2, as follows:

- WhenR =1:
- One precoding matrix isindicated by the PMI for each subband in csi-ReportingBand.
- WhenR =2:

- For each subband in csi-ReportingBand that is not the first or last subband of a BWP, two precoding
matrices are indicated by the PMI: the first precoding matrix corresponds to the first N3z /2 PRBs of the
subband and the second precoding matrix corresponds to the last Njg5 /2 PRBs of the subband.

- For each subband in csi-ReportingBand that is the first or last subband of aBWP

- If (NSEES mod NiEg) = Nplip , one precodmg matrix isindicated by the PMI corresponding to the

first subband. If (N3i55 mod NPRB < PZRB, two precoding matrices are indicated by the PMI

SB
corresponding to the first subband: the first precoding matrix corresponds to the first —NPZRB -
(NS5 mod N3E;) PRBs of the first subband and the second precoding matrix corresponds to the

SB
last ”Pzﬁ PRBs of the first subband.

SB
- 1+ (NSRS + N§iZe . — 1)mod Njgs < NPZRB, one precoding matrix isindicated by the PMI

. SB
corresponding to the last subband. If 1 + (NS5 + N5&Z2 . — 1)mod NSE; > NPRB , two precoding
matrices are indicated by the PMI corresponding to the last subband: the first precod| ng matrix

corresponds to the first =££ Nplip PRBs of the last subband and the second precoding matrix corresponds to

thelast 1+ (NZLt + Nggg,i_i — 1)mod N5B; — ”Pzﬂ PRBs of the last subband.

Table 5.2.2.2.5-1: Codebook parameter configurations for L, g and p,,

paramCombination- L 12 8
rie v € {1,2} v € {3,4}

2 Ya 18 Yy

2 2 Ya 1/8 Yo

3 4 Ya 1/8 Ya

4 4 Ya 1/8 ¥

5 4 Ya Ya Ya

6 4 23 Ya 23

7 6 Ya - 23

8 6 Ya - Ya

- The UE shall report the RI value v according to the configured higher layer parameter typel I-RI-Restriction-r16.
The UE shall not report v > 4.

The PMI value corresponds to the codebook indices of i, and i, where
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(li1 G2 hs lue1 171 fsal v=1
) [l G2 b5 bier G171 fisar hez b7z ligz] =2
h= | [i1,1 b2 Us her h71 fus1 ez 72 lisz 63 i17,3 i1_8_3] =3
uim ho hs lhe1 lza ligr ez l72 d1gy lues l73 liss l1,64 v=4
([i2,3,1 iz41 l251] =1
i, = { [1:2,3,1 1:2,4,1 1:2,5,1 1:2,3,2 1:2,4,2 1:2,5,2] _ . ' v=2
li231 l241 l251 l232 l242 l252 I233 I243 I253] v=3
k[i2,3,1 iz41 l251 l232 l242 l252 i233 i243 l253 I234 l244 Il254] v=4

The precoding matrices indicated by the PMI are determined from L + M,, vectors.
L vectors, v, o« w,i=0,1,..,L -1, are indentified by theindices q,, g5, n,, n,, indicated by i, ,, i, ,, obtained asin
5.2.2.2.3, where the values of C(x,y) aregivenin Table 5.2.2.2.5-4.

T
M, = [pv %] vectors, [ys, 38, 1] o f = 0,4, .., M, — 1, areidentified by Myiiq: (for Ny > 19) and
ng; (1 =1,..,v) where

Minitias € {—2M, +1,-2M, + 2, ...,0}

ng; = [ng)l), n(M“_l)]

71531
nd) e {01, ..., Ny — 1}
which are indicated by means of theindices i, 5 (for N3 > 19) and i; ¢; (for M;, > 1and [ = 1, ...,v), where

ivs € 0,1,..2M, — 1}

Ny —1
{0,1,...,(3 )—1} N; <19

i1g) € M, =1
161 2M, — 1
{0,1,...,(Mv o ) - 1} Ny > 19

The amplitude coefficient indicators i, 3, and i, ., are
i3, = [kl(})) kz(,11)
i a0 = [lefs o keion ]
kl(j‘) = [kl(f)?f "'kl(,zz)L—l,f]

k) €1, ...,15)

k(z)

iy €10,...73

forl=1,..,v.
The phase coefficient indicator i, 5; is
irs1 = [c10 ---Cl,MU—l]

Cf = [Cl,o,f ---Cl,zL—l,f]
Cl,i,f € {0, ,15}

forl=1,..,v.

Let K, = [B2LM,]. The bitmap whose nonzero bits identify which coefficientsin i, ,, and i, s, are reported, is
indicated by i,

: — [®3 3)
b7 = [kl,o "'kl,MU—l]
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(3) 3) 3)
k; [kmf ey - 1f]

k(3)

llf S {0'1}

forl =1,..,v, suchthat K'* = ¥215 yivy 1kl(f)f < K, isthe number of nonzero coefficientsfor layer I = 1, ...,v and

KNZ =y KN < 2K, isthetotal number of nonzero coefficients.
Theindicesof i, ,;,i,5; and i, ,, are associated to the M, codebook indicesinng ;.

The mapping from k(l) to the amplitude coefficient p,(_;) isgivenin Table 5.2.2.2.5-2 and the mapping from kl(l)f to the
amplitude coefficient pl ; f isgivenin Table 5.2.2.2.5-3. The amplitude coefficients are represented by

(1) (1) (1)]

=[py iy

p® = [p® .22, ]

@ _1,,® @)
Py = [pmf Prar- 1f]

fori=1,..,v

Let ;" € {0,1,. — 1} betheindex of i,,, and i; € {0,1, ...,2L — 1} be the index of k(z) which identify the

strongest coefficient of layer [, i.e., the element k( i Of iy,,,for 1 =1,..,v.The codebook indices of n3, are

g”lz) asngfl) _ (ngfl) _ n;f;)) mod N, suchthatn(fl)

remapped with respect to f; as f = (f — f;")mod M, such that the index of the strongest coefficientis f; = 0 (I =

1,...,v), after remapping. Theindicesof i, ,,, i, 5, and i; ,, indicate amplitude coefficients, phase coefficients and
bitmap after remapping.

remapped with respect ton = 0, after remapping. Theindex f is

The strongest coefficient of layer [ isidentified by i, 5, € {0,1, ...,2L — 1}, which is obtained as follows

i .63 _ —
lig1 = {Z okrio v=1
i 1<v<4
forl=1,..,v
(€] (€D}
Table 5.2.2.2.5-2: Mapping of elements of i, 3;: k; » 0D,
1) 1) 1) 1) 1) 1) 1) 1)
kl,p pl,p kl,p pl D kl,p pl D kl,p pl,p
1/4 1/4 1/4
0 Reserved 4 ( 1 ) 8 (L) 12 (1)
2048 128 8
1 ! 5 . 9 ! 13 !
128 2v/8 8 V2
1/4 1/4 1/4 1/4
2 ( 1 ) 6 (L) 10 (i) 14 (1)
8192 512 32 2
3 1 7 1 11 1 15 1
8 4 2

The amplitude and phase coefficient indicators are reported as follows:
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- kD =15k =7,k =1andc=0 (=1,..,v). Theindicators k). k(2 and ¢, ;s o are not

il —
l.[z]

Lif,0

L,if,0 Li;,0

HE
b
i

reportedfor i =1, ...,v.

- Theindicator

k@

l,( i

Sk

T

isreported forl =1, ..., v.

+1> mod 2

- Thek™ — v indicators k{7, for which k{3, = 1,i # if, f # 0 are reported.

- TheK™ —wvindicators ¢;; ; for which k3 =1,i% i, f # 0 arereported.

Lif

- Theremaining 2L - M, - v — KVZ indicators kl(f)f are not reported.

- Theremaining 2L - M, - v — KV indicators ¢; ; ; are not reported.

Table 5.2.2.2.5-3: Mapping of elements of i, k{; to p{;;

@ @
kyis Piif

1
0 —_—
8v2

1 1

8

) 1
42

3 1

4

4 1
2V2

5 1

2

. 1
V2

7 1

The elements of n, and n, are found from i, , using the algorithm described in 5.2.2.2.3, where the values of € (x, y)
aregivenin Table 5.2.2.2.5-4.

For N3 > 19, My, iSidentified by i, 5.

For al values of N,

(0)
N3,

=0forl=1,..,v.1f M, > 1, the nonzero elements of n;;, identified by n

(1 (M
307 'n3,l

v—1)
7

found fromi; ¢, (I = 1,...,v), for N3 < 19, and fromiy ¢; (I = 1, ...,v) and M, ;¢44;, fOr N3 > 19, using C(x,y) as
defined in Table 5.2.2.2.5-4 and the algorithm:

SO=O

forf=1,..,M, —

1

Findthelargest x* € {M,, — 1 — f, ..., N; — 1 — f} in Table 5.2.2.2.5-4 such that

i161 — Sp-1 = Cx*, M, —f)

ETSI
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ef = c(x M, - f)
Sp=5Sp_q tef
if N; <19
ngj_? =N;—1—x"
else
nff) =2M,—1—x"
it n < Mipigiar +2M, — 1
) =m0
else

W) = 0 + (s - 2,

end if
end if
Table 5.2.2.2.5-4: Combinatorial coefficients C(x,y)
y
1 2 3 4 5 6 7 8 9
X

0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0
2 2 1 0 0 0 0 0 0 0
3 3 3 1 0 0 0 0 0 0
4 4 6 4 1 0 0 0 0 0
5 5 10 10 5 1 0 0 0 0
6 6 15 20 15 6 1 0 0 0
7 7 21 35 35 21 7 1 0 0
8 8 28 56 70 56 28 8 1 0
9 9 36 84 126 126 84 36 9 1
10 10 45 120 210 252 210 120 45 10
11 11 55 165 330 462 462 330 165 55
12 12 66 220 495 792 924 792 495 220
13 13 78 286 715 1287 1716 1716 1287 715
14 14 91 364 1001 2002 3003 3432 3003 2002
15 15 105 455 1365 3003 5005 6435 6435 5005
16 16 120 560 1820 4368 8008 11440 12870 11440
17 17 136 680 2380 6188 12376 19448 24310 24310
18 18 153 816 3060 8568 18564 31824 43758 48620

When ng; and M;,¢iq; @eknown, iy s and iy ¢; (I = 1, ...,v) are found as follows:

- If N3 <19,i;5 =0andisnotreported. If M, = 1,i,,, = 0,forl =1, ...,v, and isnot reported. If M, > 1,

ies =Xp2 C (N3 —1-n{) M, - f), where C(x, y) isgiven in Table 5.2.2.2.5-4 and where the indices f =

1,..,M, — 1 are assigned such that ng? increases as f increases.
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- If N3 > 19, Mj,iiq isindicated by i, 5, which is reported and given by

o= { Minitiar Mipitiqr = 0
15 =
Minitiar + 2My - Mipitiar <0

Only the nonzero indices ng’_? € IntS, where IntS = {(Mnitioy + i) mod N3, i = 0,1, ...,2M,, — 1}, are reported,

wheretheindices f = 1, ..., M,, — 1 are assigned such that ng’_? increases as f increases. Let
" _ ngj,? "gj,? < Minitiar +2M, — 1
T D vy —2My) 1) > Mo + N — 1
ng,[ ( 3 v) n3_l > initial + 3

theni, o, = X2 C (ZMU —1-n", M, - f), where C(x, y) isgivenin Table 5.2.2.2.5-4.

The codebooks for 1-4 layers are given in Table 5.2.2.2.5-5, where mf), mgi), fori=0,1,..,L—1, Vo o ae
17"
obtained asin clause 5.2.2.2.3, and the quantities ¢, ; - and y, , are given by

2TCLi f
— J—=z
Py = € 16

0 1 My—-1
yt,l=[yt(,l) yt(,l) yt(,lv )

wheret = {0,1, ..., N; — 1}, isthe index associated with the precoding matrix, [ = {1, ..., v}, and with

9]

_zntn3,l

yt('{) =’ M

forf=0,1,..,M, — 1.

Table 5.2.2.2.5-5: Codebook for 1-layer. 2-layer, 3-layer and 4-layer CSl reporting using antenna ports
3000 to 2999+Pcsi-rs

Layers
® _ sl
w w.o@, =W W@
v=1 41,9201, N2, 031,01 ,P1 izs1t qu.qz MMz N3,0D01 P1 lzsul
2) 1 1 2
w' ==[w W .
v=2 ql,qz,nl,nz,nzyl,pil),piz),iz,5,1,n3,2,p§1),p§2),i2,5,z,t \/E ¢I1,¢Iz,n1'n2'n3,1'p§1)'p§2)'lz,5,1't ‘hﬂz'n1'n2'n3,z'pgl)'pg)'lz,s,z't
w®
3 ‘hﬂz'n1'nz'ns,1'1’;1)'1’752)":2,5,1'”3,2'pgl)'péz)'iz,s,z'nz,z'pgl)'p?)'iz,5,3't
V= 1
— 1 2 3
=—=(W W@, w W @, w W @, ]
\/§ 41,92 M1, M2, N3 1,01 Py 251t 41,4211, N3 2,05 ,P; a5t q1,42,M1,M2, N3 3,03 ,P3 253t
w®
1 . 1 . 1 . 1 .
V=4 41.42'711;712;713,1'175 ),Piz)'lz,s,pns,zﬁg )'pgz);lz,s,z'nm&?g )'pgz);lz,s,s;ns,lppi );Piz)'lz,s,zpt
_ l 1 2 3 4 ]
= 1 . 1 . 1 . 1 .
2 Q1'¢Iz'n1'n2'n3,1'p§ )'pf)'lz,s,bt ‘hﬂz'npnz'nz,z'p; )'pgn'lz,s,z't ‘hﬂz'npnz'nz,z'pg )'p?)'lz,s,z't ‘hﬂz'npnz'ns,mpi )'pf)'lz,s,mt
L—1 O yMy—-1 () (2)
h I 1 i=0 'U'm;i) m;i)pl,o ngo Yei Prir®uif
WeI‘eW 1) _(2) = ’ l:1234’
41,92, N3 LD 0 iz spt NN L-1 ) D) yMy-1 (), (2) ! e
12,023,005l VN1NzVel Zi=0 vmgl)‘mgz)pl’l Zfﬁo Yeu Privr,fPuritLf
2L-1 2 |My—1 2
_ ® ),
Yer = Z (Pl H Yeu PrifPuir
i=0 "LL f=0
and the mappings from i; to and from i, to i i i i M »M pMand piM
apping 11 1044, 92, Ny, N, N3 1, N33, N33, N3 4, 1101251, 1252, 12531254, P; Py 1 P3 Py
2 2 2 2 . . . . . . . .
pf ), pg ), pg ) and pi ) are as described above, including the ranges of the constituent indices of i, and i,.

For coefficients with kﬁ} = 0, amplitude and phase are set to zero, i.e., pl(f} =0andg, = 0.
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The bitmap parameter typell-RI-Restriction-r16 forms the bit sequence 3, 1y, 1y, 1, Where ry isthe LSB and 5 isthe
MSB. When r; iszero, i € {0,1, ...,3}, PMI and RI reporting are not allowed to correspond to any precoder associated
withv =i + 1 layers.

The bitmap parameter n1-n2-codebookSubsetRestriction-r16 forms the bit sequence B = B, B, and configuresthe
vector group indices g asin clause 5.2.2.2.3. Bits b{? (12 #¥)#1) , (k2(N1x2430) i cate the maximum allowed
average amplitude, y;.,,, (p = 0,1), withi € {0,1, ..., L — 1}, of the coefficients associated with the vector in group g®
indexed by x;, x,, where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude
isrestricted as follows

1 My=1,,(3) @, @) z
\/ZMu—lk(s) F=0 kl,i+pL,f (pl,p pl,i+pL,f) = ViepL
f=0 “LitpLf

forl=1,..,v,andp = 0,1. A UE that does not report the parameter softAmpRestriction-r16 = 'supported’ in its
capability signaling is not expected to be configured with p{&2(M1¥2#x0#1) (k2Waxatx)) _ 1 or 10,

Table 5.2.2.2.5-6: Maximum allowed average coefficient amplitudes for restricted vectors

Maximum
Bit Average
pU2Waxztx0)+1) p (e 2(Naxz+x1)) Coeffl_CIent
2 2 Amplitude
Yi+pL
00 0
01 1/4
10 1/2
11 1
5.2.2.2.6 Enhanced Type Il Port Selection Codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports { 3000, 3001, ..., 3007}, 12 antenna ports { 3000, 3001, ...,
3011}, 16 antenna ports { 3000, 3001, ..., 3015}, 24 antenna ports { 3000, 3001, ..., 3023}, and 32 antenna ports { 3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to ' typel I-PortSelection-r16 '

- Thenumber of CSI-RS portsis configured asin Clause 5.2.2.2.4

- Thevaueof d isconfigured with the higher layer parameter portSel ectionSamplingSize-r16, where d €
{1,2,3,4}andd < L.

- ThevauesL, g and p, are configured asin Clause 5.2.2.2.5, where the supported configurations are given in
Table5.2.2.2.6-1.

Table 5.2.2.2.6-1: Codebook parameter configurations for L, g andp,

paramCombination- L Py 8
rie v € {12} v € {3,4}

2 Ya 1/8 Ya

2 2 Ya 1/8 ¥

3 4 Va 1/8 Ya

4 4 Ya 1/8 23

5 4 Ya Ya Y

6 4 Yo Ya Yo

- The UE shal report the Rl value v according to the configured higher layer parameter typel |-PortSel ectionRI-
Restriction-r16. The UE shall not report v > 4.
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- Thevaueof R isconfigured asin Clause 5.2.2.2.5.

The UE is aso configured with the higher layer bitmap parameter typel I-PortSel ectionRI-Restriction-r 16, which forms
the bit sequence s, 15, 11, 15, Where r, isthe LSB and r; isthe MSB. When r; iszero, i € {0,1, ..., 3}, PMI and RI
reporting are not allowed to correspond to any precoder associated withv =i + 1 layers.

The PMI value corresponds to the codebook indices i; and i, where

If[il_l s U6 171 1] v=1
. 4 [l Gs fien 71 fis1 fue2 172 lusel v=2
h= | [i1,1 b5 lie1 1,71 fsa ez fu72 g2 li63 i173 i1,8,3] v=3
k[il,l i1,5 i1,6,1 i1,7,1 i1,8,1 i1,6,2 i1.7.2 i1,8.2 i1,6,3 i1,7,3 i1,8,3 i1.6.4 i1.7.4 i1,8,4] v =
([i2,3,1 iz41 l251] v=1
i, = { [1:2,3,1 1:2,4,1 1:2,5,1 1:2,3,2 1:2,4,2 1:2,5,2] _ ' ' v=2
li231 l241 l251 l232 l242 l252 I233 I243 I253] v=3
k[i2,3,1 iz41 l251 l232 l242 l252 i233 i243 l253 I234 l244 Il254] v=4

The 2L antenna ports are selected by theindex i, ; asin clause 5.2.2.2.4.
Parameters N, M,,, M,itia1 (fOr N3 > 19) and K, are defined asin clause 5.2.2.2.5.

For layer [, 1 = 1, ..., v, the strongest coefficient i, g ;, the amplitude coefficient indicators i, 5 ; and i , ;, the phase

coefficient indicator i, 5 ; and the bitmap indicator i, ,, are defined and indicated asin clause 5.2.2.2.5, where the
mapping from kl(;) to the amplitude coefficient pl(;) isgivenin Table 5.2.2.2.5-2 and the mapping from k,(f)f to the
amplitude coefficient p{;, isgiven inTable 5.2.2.2.5-3,

The number of nonzero coefficients for layer [, KN4, and the total number of nonzero coefficients K N2 are defined asin
Clause 5.2.2.2.5.

The amplitude coefficients p and p{> (I = 1, ..., v ) are represented asin clause 5.2.2.2.5.
The amplitude and phase coefficient indicators are reported asin clause 5.2.2.2.5.
Codebook indicatorsiy s and iy ¢; (I = 1, ...,v) arefound asin clause 5.2.2.2.5.

The codebooks for 1-4 layers are given in Table 5.2.2.2.6-2, where v,,, isa Pqg;_gs/2 -€lement column vector
containing avalue of 1 in element (m mod Pg;_gs/2 ) and zeros elsewhere (where the first element is element 0), and
the quantities ¢, ; » and y;, are defined asin clause 5.2.2.2.5.

Table 5.2.2.2.6-2: Codebook for 1-layer. 2-layer, 3-layer and 4-layer CSl reporting using antenna ports
3000 to 2999+Pcsi-rs

Layers
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@ _ sl
w @@ . =W @@,
v=1 i1,1M3,0P1 01 izt 11,013,101 P1 251
2) 1 1 2
w ==[w, 0w, W b @
v=2 11013200 0P i 5 ms 2P 0P st 2L i1ams P iasat im0 PP st
3)
w® . .
i1,1,n3,1,p§ ).piz),iz,s,pns,z,p; ).péz),iz,s,z,nz,z.pg ),pgz).iz,s,s,t
vl ! [W1 w? w? ]
=—F= . 1 . . 1 . . 1 .
V3 11,1,n3_1,p§ ).pf),zz,s,pt 11,1,"13,2,175 ).pgz).lz,s,z.t 11,1,n3,3.p§ ),sz).lz,ss,t
w®
- 1 . 1 . 1 . 1 .
v 4 11,1,"13,1.175 ),Piz).lz,s,pnmz,l?g ).pgz),lz,s,z.n3,3.p§ ),P§Z),lz,5,3,n3,4.p£ ),piz),12_5_4,t

_1 [W1 w? w3 w* ]
- . 1 . . 1 . . 1 . . 1 .
20 s pPpPins it i nbS P insat  inans s 0 s at  inansapi)p s at

_ 1) wMy—-1_ () (2
1 [ La v aritle 2re v D0 s
tl

- 1) ¢My—1 2
s Ui1,1d+ipl(,1) Zf:o yt(,}zc)Pl(,ilL,f<l)l,i+L,f

i
Where W 1.@); =

=1,234
i1,1'n3,l'p[ D Az st \/Y_ :|’ : ’ ,3’ !

2L-1 2 |My—1 2
1 2
Vel = z (pl(lil> Z yt(,{)pl(,i,)f(pl,i,f
i=0 ‘L f=0
. . . . . . . . 1 1 1 1 2 2
and the mappl ngSfrom lq to Ll,lv n3'1, n3’2, 7’1,3’3Y 7’1,3'4,Y md fI‘OI’n ly to l2'5’1, 12,5,21 12,5,31 l2'5'4_, pl( ), pg ), pé )and pi ), pl( ), pg ),

péz) and pf) are as described above, including the ranges of the constituent indices of i; and i,.

For coefficients with kﬁ} = 0, amplitude and phase are set to zero, i.e., p[(f} =0andg, = 0.

5.2.2.2.7 Further enhanced Type Il port selection codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports { 3000, 3001, ..., 3007}, 12 antenna ports { 3000, 3001, ...,
3011}, 16 antenna ports { 3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports { 3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to ' typel I-PortSelection-r17

- The number of CSI-RS ports, Pcs;_rs, iSconfigured asin clause 5.2.2.2.4.

- Thevauesa, M and B are determined by the higher layer parameter paramCombination-r17, where the
mapping isgivenin Table 5.2.2.2.7-1.

- The UE isnot expected to be configured with paramCombination-r17 equal to
= 1 or 6 When PCSI—RS E {4,12},
- 70r8WhenPC51_RS = 32,

- 5when P.5;_rs = 4 and higher layer parameter typel|-PortSelectionRI-Restriction-r17 is configured with
r;=1foranyi > 1.

Table 5.2.2.2.7-1: Codebook parameter configurations for a, M and B

paramCombination-rl7| M | a | B
1|%|%

2 1 Yo

3 1 Ya

4 1 1

5 2 || Y

6 2 | Y|

7 211)%

8 2|11 | %

- Theparameter N € {2,4} is configured with the higher-layer parameter valueOfN, when M = 2.
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- Theparameter R € {1,2} is configured with the higher-layer parameter number OfPMI-SubbandsPer CQI-
Subband-r17, when M = 2, and R = 1 when M = 1, where R isdefined asin clause 5.2.2.2.5.

- The UE shall report the RI value v according to the configured higher layer parameter typel I-PortSel ectionRI-
Restriction-r17. The UE shall not report v > 4. The bitmap parameter typel I-PortSelectionRI-Restriction-r17
forms the bit sequence 13, 15, 11, 15, Where ry isthe LSB and r; isthe MSB. When r; iszero, i € {0,1, ..., 3}, PMI
and RI reporting are not allowed to correspond to any precoder associated withv = i + 1 layers.

The PMI value corresponds to the codebook indices i; and i, where

{[il_z 16 G710 l181] v=1

i, = { [1:1,2 1:1,6 1:1,7,1 1:1,8,1 1:1,7,2 1:1,8,2] ' _ v=2
[i12 16 171 lig1r U7z fus2 l173 ligas] v=3

k[i1,2 e 71 ligr 72 gz 73 ligs li74 184 v=4
([i2,3,1 i241 l251] v=1

i, = { [1:2,3,1 1:2,4,1 1:2,5,1 1:2,3,2 1:2,4,2 1:2,5,2] ' ' ' v=2
li231 l241 l251 l232 l242 l252 l233 I243 I253] v=3
k[i2,3,1 iz41 l251 l232 l242 l2s2 l233 l243 l253 I234 l244 Il254] v=4

The precoding matrices indicated by the PMI are determined from L + M vectors, where L = K, /2 and K; = aP.g;_gs-

K, ports are selected from P, _gs ports based on L vectors, v,,»,1 = 0,1, ..., L — 1, which are identified by

m=[m©® .. .m&D]

. Peg_
m® e {0,1, %— 1}

which are indicated by the index i, ,, where
iz €{01,..., (Pcsz_LRs/z) )

The elements of m are found from i, , using C(x, y) as defined in Tables5.2.2.2.5-4 and 5.2.2.2.7-2 and the algorithm:
S—l = 0

fori=0,..,L—1

Find the largest x* € {L = 1 —,..., "S85 — 1 — i} in Table 5.2.2.25-4,if L — i < 9, orin Table 5.2.2.2.7-2, if
L—i>9 suchthati,, —s,_; = C(x",L— i)

e, =C(x",L—1i)
Si = Si—1 + €;

m® =

Pcsi-rs 1—x*
5 .

When m® are known, i, , isfound using i, , = 2:/=) C (PCS;—‘RS -1-m®, L — i), where C(x,y) isgivenin Tables

5.2.2.2.5-4 and 5.2.2.2.7-2, and where the indicesi = 0, ..., L — 1 are assigned such that m® increases as i increases.

- fa=1,m®=ii=01, @— 1, and i, , is not reported.

Table 5.2.2.2.7-2: Combinatorial coefficients C(x,y)

Y1 10 11 12
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0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 1 0 0
11 11 1 0
12 66 12 1
13 286 78 13
14 1001 364 91
15 3003 1365 455

T
M vectors, [y, v, .,y | F € {0, ..., M — 1}, areidentified by n, where N; is defined asin clause 5.2.2.25,
and where

[n(O) (M 1) ]
2 e { {0} M=1
3 {0,1,...,min(N,N;) =1} M =2
with theindices f € {0, ..., M — 1} assigned such that n%/” increases with f. n, isindicated by the index i, 4, when M =

2 and N = 4, where
i,6 €{0,1,2}.
- fM=1,0rM=2andN = 2,i; ¢ isnot reported.

- If M =2and N = 4, the nonzero offset between n ) and n )is reported with i; 4 assuming that ng‘” (reference
for the offset) is 0. The nonzero offset values are mapped to the index values of i, 4 inincreasing order with
offset value 1 mapped to index value '0'.

The amplitude coefficient indicators i, 5 ; and i, 4, forl = 1, ..., v, are
ir3, = [k(l) k1(,11)
i2,4l [k(Z) ' kl(j\z—l]
kP = k@ k2 ]
ki) €1{1,..,15}
k2 €10,...,7}.
The phase coefficient indicator i, 5, forl =1, ..., v, is

iys1 = [cuo - Com—1]

Cl,f = [Cl,O,f "'Cl;K1—1;f]

Cl,i,f (S {0, ,15}
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Let K, = [BK,M]. The bitmap whose nonzero bits identify which coefficientsin iy4; @ndi, g, arereported, is
indicated by i; ,;, fori =1,...,v

l1,70 = [k(s)- kﬁi 1]

(3) 3) (3)
k;, [kzo,f ey Kqi- 1f]

kS €{0,1}

such that KN? = 335 S0k, < K, is the number of nonzero coefficients for layer 1 = 1, ...,v and KV =

V_1 KN < 2K, isthe total number of nonzero coefficients.
- Ifv<2andK"? = K;Mv, i, ,, isnot reported, for [ = 1,.

Theindicesof i,4,, i, 5, and i, ,, are associated to the M codebook indicesin n;.

The mapping from kl(;) to the amplitude coefficient p,(_;) isgivenin Table 5.2.2.2.5-2 and the mapping from kl(l)f to the

&)

amplitude coefficient p,

isgivenin Table 5.2.2.2.5-3. The amplitude coefficients are represented by

(1) (1) (1)]

[p D1

[p(Z)- pﬁv} 1]

@) _ 1,2 (2)
D = [pwf ‘Prg,-1r]

(2)

Let f; €{0,...,M — 1} betheindex of i,,, and i; € {0,1, ...,K; — 1} betheindex of kfj} which identify the strongest

coefficient of layer [, i.e., the element kl(f)f* of i, 45, for 1 =1,..,v. The strongest coefficient of layer [ = 1, ..., v is
identified by the index

irg; €{0,1,. — 13}
whichisfound from
i1g) = Kifi" +1].
The amplitude and phase coefficient indicators are reported as follows:

® (2) — ) _ _ (1) @)
- le 15,k - =7, kll 5 =landc,; =0 (I=1,..,v). Theelementsk H,k“ L and ¢, ;: s+ arenot

reportedfor i =1, ...,v.

- Theelement k(l)i;
l,( Z

- TheK"V* — v elements k,(l)f for which kl(l)f

isreportedforl =1, ...,v

+1> mod 2
=1,i# i}, f # f" arereported.

- TheK"* —v elementsc; s for whichk®. = 1,i =i/, f # f arereported.

llf

- Theremaining K,Mv — K"Z elements k)

1is e not reported.

- Theremaining K; Mv — KV# elements ¢;; ; are not reported.

The codebooks for 1-4 layers are given in Table 5.2.2.2.7-3, where v, isa P¢s;_gs/2 -€lement column vector
containing avalue of 1 in the element of index m® and zeros elsewhere (where the first element is the element of index
0), the quantities y, are given by

= By )

wheret = {0,1, ..., N; — 1}, isthe index associated with the precoding matrix and where
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Zntngf)
Yt(f) =e
for f =0,..,M — 1, and the quantities ¢, ; ; are given by
_27TCl,i_f

I
Prif= € 16 .

Table 5.2.2.2.7-3: Codebook for 1-layer. 2-layer, 3-layer and 4-layer CSl reporting using antenna ports
3000 to 2999+Pcsi-rs

Layers
1)
wt =w _
v=1 m,n3,p§1),p§2),i2_5_1,t m,n3,p§1),p§2),12_5_1,t
w® - L [W1 ™_ @ W2 o o ]
v=2 mnspP 2D iy 5 100 0P s 520t V2L mnsp piies it mnsp, 0 ias et
v=3 w® = i[Wl w? w? ]
= . . . = 1 . 1 . 1 .
I R S e L o) o M V3 masppPizs it mngp pPizsat | mnaplt pP iz st
(4
1 : 1 . 1 . 1 .
v 4 m,ns.p§ ),pgz),lz,s,ppg ).pf).lz,s,z.zé ),P§Z);12,5,3;P§ ).piz),lz,s,mt
= 1
==|w?t , w , w , w , ]
2 [ m,n3,p§1),p§2),12'5'1,t m'nz'pél)'pgn'lz,s,z't m,n3,p§1),p§2),l.2'5'3,t m,n3,p£1),pf),l.2'5'4,t

- 1 - 2
L B vnonts S v euis
t,l Z

- 1 ym-1,,().(2)
l; (ZMI()(

A
Where W W _(2) ; = 1
=0 V@D Zif=0 Yt Pri+r rPLi+Lf

mmnz,p; P a5t VY

], 1=1,2,34,

2L-1 2

= 32 (54)

=0

M-1
2

Z yt(f)p£ i,)fgal,i,f

=0

and the mappings from i; tom, n3, and from i; 10551, i35, i253: i2,54 Pfl), Pél), p§1), Pil)y Pl(z), péz), pgz), piz) areas

described above, including the ranges of the constituent indices of i; and i,.

For coefficients with kﬁ} = 0, amplitude and phase are set to zero, i.e., p[(f} =0andg, = 0.

5.2.2.3 Reference signal (CSI-RS)

5.2.231 NZP CSI-RS

The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer
parameters CSl -ResourceConfig, and NZP-CS -RS-ResourceSet. Each NZP CSI-RS resource set consists of K>1 NZP
CSI-RS resource(s).

The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are
configured via the higher layer parameter NZP-CS-RS-Resour ce, CS-ResourceConfig and NZP-CS -RS-Resour ceSet
for each CSI-RS resource configuration:

- nzp-CY-RS Resourceld determines CSI-RS resource configuration identity.

- periodicityAndOffset defines the CSI-RS periodicity and dot offset for periodic/semi-persistent CSI-RS. All the
CSI-RS resources within one set are configured with the same periodicity, while the slot offset can be same or
different for different CSI-RS resources.

- resourceMapping defines the number of ports, CDM-type, and OFDM symbol and subcarrier occupancy of the
CSI-RS resource within aslot that are givenin Clause 7.4.1.5 of [4, TS 38.211].
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- nrofPortsin resourceMapping defines the number of CSI-RS ports, where the allowable values are given in
Clause 7.4.1.5 of [4, TS 38.211].

- density in resourceMapping defines CSI-RS frequency density of each CSI-RS port per PRB, and CSI-RS PRB
offset in case of the density value of 1/2, where the allowable values are given in Clause 7.4.1.5of [4, TS
38.211]. For density 1/2, the odd/even PRB allocation indicated in density is with respect to the common
resource block grid.

- cdm-Type in resourceMapping defines CDM values and pattern, where the allowable values are given in Clause
7.4.15of [4, TS 38.211].

- powerControl Offset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI
feedback and takes values in the range of [-8, 15] dB with 1 dB step size. For CQI calculation based on a pair of
NZP CSI-RS resources, power Control Offset of each NZP CSI-RS resource in the pair of NZP CSI-RS resources
for channel measurement is the assumed ratio of EPRE when UE derives CSl feedback and takes valuesin the
range of [-8, 15] dB with 1 dB step size.

- powerControl OffsetSS: which is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE.
- scramblingl D defines scrambling ID of CSI-RS with length of 10 bits.
- BWP-Id in CS-ResourceConfig defines which bandwidth part the configured CSI-RSislocated in.

- repetition in NZP-CS-RS-ResourceSet is associated with a CSI-RS resource set and defines whether UE can
assume the CSI-RS resources within the NZP CS|-RS Resource Set are transmitted with the same downlink
spatial domain transmission filter or not as described in Clause 5.1.6.1.2. and can be configured only when the
higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource
set isset to 'cri-RSRP, ‘cri-SINR', ‘cri-RSRP-Capability[ Set] Index', ‘cri-SINR-Capability[ Set] Index' or 'none'.

- qcl-InfoPeriodicC-RS contains a reference to a TCI-Sate indicating QCL source RS(s) and QCL type(s). If the
TCl-Sateis configured with areference to an RS configured with qcl-Type set to 'typeD' association, that RS
may be an SS/IPBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as
periodic located in the same or different CC/DL BWP. The reference RS may additionally be an SSYPBCH block
associated with a PCI different from the PCI of the serving cell.

- trs-Info in NZP-C3-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume
that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CS-RS
ResourceSet is the same as described in Clause 5.1.6.1.1 and can be configured when reporting setting is not
configured or when the higher layer parameter reportQuantity associated with all the reporting settings linked
with the CSI-RS resource set is set to 'none'.

All CSI-RS resources within one set are configured with same density and same nrofPorts, except for the NZP CSI-RS
resources used for interference measurement.

The UE expectsthat all the CSI-RS resources of a resource set are configured with the same starting RB and number of
RBs and the same cdm-type.

For a CSI-RS Resource Set for channel measurement configured with two Resource Groups and N Resource Pairs, the
slot offsets of the two resources in a Resource Pair are configured within X € {1,2} dots, without DL/UL switching in
between the two resources, where X = 1 implies that the two resources are configured in the same slot, and X = 2
implies that the two resources are configured within two adjacent dots.

The bandwidth and initial common resource block (CRB) index of a CSI-RS resource within a BWP, as defined in
Clause 7.4.1.5 of [4, TS 38.211], are determined based on the higher layer parameters nrofRBs and startingRB,
respectively, within the CSl-FrequencyOccupation |E configured by the higher layer parameter freqBand within the
C3-RS-ResourceMapping |E. Both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the
reference point for startingRB is CRB 0 on the common resource block grid. If startingRB < N3¢, the UE shall
assume that the initial CRB index of the CSI-RS resource is Nipitiai s = NSiewt, Otherwise Niyiriai s = StartingRB.
If nrofRBs > N§Z8 + NSEE — Nipiviar r» the UE shall assume that the bandwidth of the CSI-RS resource is
NEW ps = N§Z8 + NSLOTt — N, oo v Otherwise NEW_p« = nrofRBs. Inall cases, the UE shall expect that

NE_gs = min(24, N5i5$).

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 124 ETSI TS 138 214 V17.3.0 (2022-09)

5.2.2.4 Channel State Information — Interference Measurement (CSI-IM)

The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer
parameter CS-1M-ResourceSet. Each CSI-IM resource set consists of K>1 CSI-IM resource(s).

The following parameters are configured via higher layer parameter CS-1M-Resource for each CSI-IM resource
configuration:

- csi-IM-Resourceld determines CSI-IM resource configuration identity

- subcarrierLocation-pO or subcarrierLocation-pl defines subcarrier occupancy of the CSI-IM resource within a
dot for csi-IM-Resour ceElementPattern set to ‘pattern0' or 'patternl’, respectively.

- symbolLocation-p0 or symbolLocation-pl defines OFDM symbol location of the CSI-IM resource within a slot
for csi-IM-ResourceElementPattern set to 'pattern0’ or 'patternl’, respectively.

- periodicityAndOffset defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM.
- fregBand includes parameters to enable configuration of frequency-occupancy of CSI-IM

In each of the PRBs configured by fregBand, the UE shall assume each CSI-IM resourceislocated in,
- resource elements (Keg —im g -im ) (Kes-imles-m +3) (Keg—im +L1cg-im ) and

(keg im +Lleg _m +1), if csi-IM-ResourceElementPattern is set to 'pattern0;,

- resource elements (keg v +les - ) (Kesoim +L1csm )y (Keg - +2.0cg m ) @d (Keg v +31cgm)
if csi-IM-Resour ceElementPattern is set to 'patternl’,

where kg _ v @d lq_; arethe configured frequency-domain location and time-domain location, respectively, given
by the higher layer parametersin the above list.

5.2.25 CSI reference resource definition
The CSl reference resource for aserving cell is defined as follows:

- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CSI relates.

- Inthetime domain, the CSI reference resource for a CSl reporting in uplink slot n' is defined by asingle

. 28DL . . .
downlink slot n — Ny rer — Koffset ot where K, (... isaparameter configured by higher layer as

specified in clause 4.2 of [6 TS 38.213], and where py £15e .isthe subcarrier spacing configuration for K¢ e
with avalue of 0 for frequency range 1,

L

2% Nor ffset,UL NEfoe ffset.DL
stot,o set, _ stot,o set,. . u . A
> + l( FoffsetUL o foetDL ) 2 DLJ and y, and g, arethe subcarrier spacing

- where H=Ln"

configurations for DL and UL, respectively, and Ngg; ore @Nd 4, are determined by higher-layer

configured ca-SlotOffset for the cells transmitting the uplink and downlink, as defined in clause 4.5 of [4, TS
38.211]

- wherefor periodic and semi-persistent CSI reporting

- if asingle CSI-RS/SSB resource is configured for channel measurement ncg_ref iS the smallest value
greater than or equal to 4 - 2#pL, such that it correspondsto avalid downlink slot, or

- if multiple CSI-RS/SSB resources are configured for channel measurement ncg rer iSthe smallest value
greater than or equal to 5-2“* , such that it corresponds to avalid downlink slot.

- wherefor aperiodic CSI reporting, if the UE isindicated by the DCI to report CSl in the same slot as the CS|
request, ncs_ref iS such that the reference resource isin the same valid downlink slot as the corresponding CS
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request, otherwise Ncs ref is the smallest value greater than or equal to \_Z' / N;%J, such that slot n- ncg_ref
corresponds to avalid downlink slot, where Z' corresponds to the delay requirement as defined in Clause 5.4.

- when periodic or semi-persistent CSI-RS/CSI-IM or SSB is used for channel/interference measurements, the
UE is not expected to measure channel/interference on the CSI-RS/CSI-IM/SSB whose last OFDM symbol is
received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.

A slot inaserving cell shall be considered to be avalid downlink slot if:
- it comprises at |east one higher layer configured downlink or flexible symbol, and
- it does not fall within a configured measurement gap for that UE

If thereis no valid downlink slot for the CSI reference resource corresponding to a CSl Report Setting in a serving cell,
CSl reporting is omitted for the serving cell in uplink slot n'.

After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a
CSl report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or
CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.

When DRX is configured, the UE reports a CSl report only if receiving at least one CSI-RS transmission occasion for
channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later
than CSl reference resource and drops the report otherwise. When DRX is configured and the CSI-RS Resource Set for
channel measurement corresponding to a CSl report is configured with two Resource Groups and N Resource Pairs, as
described in clause 5.2.1.4.1, the UE reports a CSl report only if receiving at least one CSI-RS transmission occasion
for each CSI-RS resource in a Resource Pair within the same DRX Active Time no later than CSI reference resource
and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by
higher layer parameter ps-TransmitOtherPeriodicCS to report CSI with the higher layer parameter reportConfigType
set to 'periodic’ and reportQuantity set to quantities other than ‘cri-RSRP, 'ssh-Index-RSRP, ‘cri-RSRP-

Capability[ Set]Index’, and 'ssh-Index-RSRP-Capability[ Set]Index ' when drx-onDurationTimer is not started, the UE
shall report CSI during the time duration indicated by drx-onDurationTimer in DRX-Config also outside active time
according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for
channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration
indicated by drx-onDurationTimer in DRX-Config outside DRX active time or in DRX Active Time no later than CS|
reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE
configured by higher layer parameter ps-TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter
reportConfigType set to 'periodic’ and reportQuantity set to 'cri-RSRP', 'ssh-Index-RSRP, ‘cri-RSRP-

Capability[ Set]Index’, or 'ssb-1ndex-RSRP-Capability[ Set] Index' when drx-onDurationTimer is not started, the UE shall
report L1-RSRP during the time duration indicated by drx-onDurationTimer in DRX-Config aso outside active time
according to the procedure described in clause 5.2.1.4 and when reportQuantity set to ‘cri-RSRP' or 'cri-RSRP-
Capability[Set]Index' if receiving at least one CSI-RS transmission occasion for channel measurement during the time
duration indicated by drx-onDurationTimer in DRX-Config outside DRX active time or in DRX Active Time no later
than CSl reference resource and drops the report otherwise.

When deriving CSl feedback, the UE is not expected that a NZP CSI -RS resource for channel measurement overlaps
with CSI-IM resource for interference measurement or NZP CSl -RS resource for interference measurement.

If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of
deriving the CQI index, and if also configured, for deriving PMI and RI:

- Thefirst 2 OFDM symbols are occupied by control signaling.

- The number of PDSCH and DM-RS symbolsis equal to 12.

- The same bandwidth part subcarrier spacing configured as for the PDSCH reception
- The bandwidth as configured for the corresponding CQI report.

- ThelAB-MT shall only assume the frequency resources as indicated by the DL TX power adjustment MAC
CE, if indicated for the ot of the CSl reference resource by DL Tx Power Adjustment MAC CE as
described in[10, TS 38.321].

- Thereference resource uses the CP length and subcarrier spacing configured for PDSCH reception
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- No resource elements used by primary or secondary synchronization signals or PBCH.
- Redundancy Version 0.
- Theratio of PDSCH EPRE to CSI-RS EPRE isas given in Clause 5.2.2.3.1.

- Inaddition, the IAB-MT shall apply the provided DL TX power adjustment, if indicated for the slot of the
CSl reference resource by DL Tx Power Adjustment MAC CE as described in [10, TS 38.321].

- Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.

- Assume the same number of front-loaded DM-RS symbols as the maximum front-loaded symbols configured by
the higher layer parameter maxLength in DMRS-DownlinkConfig.

- Assume the same number of additional DM-RS symbols as the additional symbols configured by the higher
layer parameter dmrs-Additional Position.

- Assume the PDSCH symbols are not containing DM-RS.
- Assume PRB bundling size of 2 PRBs.

- The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed
with up to 8 transmission layers as defined in Clause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE
should assume that PDSCH signals on antenna portsin the set [1000,..., 1000+v-1] for v layers would result in
signal's equivalent to corresponding symbols transmitted on antenna ports [3000,..., 3000+P-1], as given by

yG00@) NERO)

y(3000+P—1)(l~) x(v—l)(i)

where X(i) = [x(o) ()..xv (i)]r isavector of PDSCH symbols from the layer mapping defined in Clause 7.3.1.4

of [4, TS38.211], Pe [1,2,4,812,16,24,32] isthe number of CSI-RS ports. If only one CSI-RS port is
configured, W(i) is 1. If the higher layer parameter reportQuantity in CS-ReportConfig for which the CQI is
reported is set to either 'cri-RI-PMI-CQI" or ‘cri-RI-LI-PMI-CQI', W(i) is the precoding matrix corresponding to
the reported PMI applicable to x(i). If the higher layer parameter reportQuantity in CS-ReportConfig for which
the CQI isreported is set to 'cri-RI-CQI', W(i) is the precoding matrix corresponding to the procedure described
in Clause 5.2.1.4.2. If the higher layer parameter reportQuantity in CSl-ReportConfig for which the CQI is
reported is set to ‘cri-RI-i1-CQI', W(i) is the precoding matrix corresponding to the reported i1 according to the
procedure described in Clause 5.2.1.4.2. The corresponding PDSCH signals transmitted on antenna ports
[3000,...,3000 + P - 1] would have aratio of EPRE to CSI-RS EPRE equal to theratio givenin Clause 5.2.2.3.1.
If the higher layer parameter reportQuantity in CSl-ReportConfig for which the CQI isreported is set to either
‘cri-RI-PMI-CQI" or ‘cri-RI-LI-PMI-CQI', the corresponding CSI-RS Resource Set for channel measurement is
configured with two Resource Groups and N Resource Pairs, as described in clause 5.2.1.4.1, the reported CRI
corresponds to an entry of the N Resource Pairs, and the reported rank combination is {v,, v, }, as described in
clause 5.2.1.4.2, for CQI calculation, the UE should assume that

- PDSCH signals on antenna portsin the set [1000, ...,1000 + v; — 1] for v, layerswould result in signals
equivalent to corresponding symbols transmitted on antenna ports [3000, ...,3000 + P — 1] of the Group 1
CSI-RSresource in the Resource Pair indicated by the CRI, and PDSCH signals on antenna ports in the set
[1000 + vy, ...,1000 + v; + v, — 1] for v, layers would result in signals equivalent to corresponding
symbols transmitted on antenna ports [3000, ...,3000 + P — 1] of the Group 2 CSI-RSresource in the
Resource Pair indicated by the CRI, as given by

y].(3000)(i) x((f—l)"’1)(l')
(3000‘+.;" 1) j(i) ( )
- P vi+(j—1)vo—-1) i

where W; (i), j = 1,2 are the two precoding matrices corresponding to the two reported PMIs applicable to
x(i), asdescribed in clause 5.2.1.4.2; and theindices j = 1,2 are associated to the two Resource Groups
configured in the corresponding CSI-RS Resource Set for channel measurement; that the signals y;, j = 1,2,
fully overlap in time and frequency, and that, for the calculation of RI, PMI and LI (if configured) of v;
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layers, j = 1,2, the interference from the other v(; moq 2)+1 layersis derived from channel measurement and
precoding matrix corresponding to the other v(; meq 2)+1 layers.

- The UE shall assume that the corresponding PDSCH signals for v; layers transmitted on the P antenna ports
of the CSI-RS resource in Group j would have aratio of EPRE to CSI-RS EPRE equal to the
power Control Offset of the respective CSI-RS resource, for j = 1,2.

5.2.3 CSl reporting using PUSCH

A UE shall perform aperiodic CSI reporting using PUSCH on serving cell ¢ upon successful decoding of a DCI format
0_1 or DCI format 0_2 which triggers an aperiodic CSI trigger state.

When a DCI format 0_1 schedules two PUSCH allocations, the aperiodic CSI report is carried on the second scheduled
PUSCH. When a DCI format 0_1 schedules more than two PUSCH allocations, the aperiodic CSl report is carried on
the penultimate scheduled PUSCH.

An aperiodic CSl report carried on the PUSCH supports wideband, and sub-band frequency granularities. An aperiodic
CSl report carried on the PUSCH supports Type |, Type I, Enhanced Type Il and Further Enhanced Type Il Port
Selection CSl.

A UE shall perform semi-persistent CSI reporting on the PUSCH upon successful decoding of a DCI format 0_1 or DCI
format 0_2 which activates a semi-persistent CSI trigger state. DCI format 0_1 and DCI format 0_2 containsa CSl
reguest field which indicates the semi-persistent CSl trigger state to activate or deactivate. Semi-persistent CSl

reporting on the PUSCH supports Type |, Type Il with wideband, and sub-band frequency granularities, Enhanced Type
Il and Further Enhanced Type |l Port Selection CSI. The PUSCH resources and MCS shall be allocated semi-
persistently by an uplink DCI.

CSl reporting on PUSCH can be multiplexed with uplink data on PUSCH except that semi-persistent CSI reporting on
PUSCH activated by a DCI format is not expected to be multiplexed with uplink data on the PUSCH. CSI reporting on
PUSCH can a so be performed without any multiplexing with uplink data from the UE.

Type | CSI feedback is supported for CSlI Reporting on PUSCH. Type | wideband and sub-band CSl is supported for
CSl Reporting on the PUSCH. Type |1 CSl is supported for CSI Reporting on the PUSCH.

For Typel, Typell, Enhanced Type Il and Further Enhanced Type Il Port Selection CSI feedback on PUSCH, a CSl
report comprises of two parts. Part 1 has a fixed payload size and is used to identify the number of information bitsin
Part 2. Part 1 shall be transmitted in its entirety before Part 2.

- For Typel CSl feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword (if
reported). Part 2 contains PMI (if reported), L1 (if reported) and contains the CQI for the second codeword (if
reported) when Rl islarger than 4. For a CSl-ReportConfig configured with codebookType set to 'typel -
SinglePanel’ and the corresponding CSI-RS Resource Set for channel measurement configured with two
Resource Groups and N Resource Pairs, Part 1 contains RI(s), CRI(s), CQI(s) for the first codeword and is zero
padded to afixed payload size (if needed). Part 2 contains the CQI(s) for the second codeword (if reported) when
Rl islarger than 4, LIs (if reported) and PMI(s).

- For Typell CSl feedback, Part 1 contains RI (if reported), CQI, and an indication of the number of non-zero
wideband amplitude coefficients per layer for the Type Il CSl (see Clause 5.2.2.2.3). Thefields of Part 1 —RI (if
reported), CQI, and the indication of the number of non-zero wideband amplitude coefficients for each layer —
are separately encoded. Part 2 contains the PMI and L1 (if reported) of the Type Il CSI. The elements of i; 4,
i1, (if reported) and i, , ; (if reported) are reported in the increasing order of their indices, i = 0,1, ...,2L — 1,
where the element of the lowest index is mapped to the most significant bits and the element of the highest index
is mapped to the least significant bits. Part 1 and 2 are separately encoded.

- For Enhanced Type Il CSI feedback (see Clause 5.2.2.2.5) and Further Enhanced Type Il Port Selection CSl
feedback (see Clause 5.2.2.2.7), Part 1 contains Rl (if reported), CQI, and an indication of the overall number of
non-zero amplitude coefficients across layers. The fields of Part 1 — RI (if reported), CQI, and the indication of
the overall number of non-zero amplitude coefficients across layers — are separately encoded. Part 2 contains the
PMI of the Enhanced Type Il or Further Enhanced Type Il Port Selection CSl. Part 1 and 2 are separately
encoded.

A Typell CSl report that is carried on the PUSCH shall be computed independently from any Type Il CSI report that is
carried on the PUCCH formats 3 or 4 (see Clause 5.2.4 and 5.2.2).
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When the higher layer parameter reportQuantity is configured with one of the values 'cri-RSRP, 'ssb-Index-RSRP', ‘cri-
SINR' or 'ssb-Index-SINR', or ‘cri-RSRP-Capability[ Set] Index’, 'ssh-Index-RSRP-Capability[ Set]Index ', 'cri-SINR-
Capability[Set]Index ', 'ssh-Index-SINR-Capability[ Set] Index ',the CSI feedback consists of asingle part.

For both Type | and Type Il reports configured for PUCCH but transmitted on PUSCH, the determination of the
payload for CSI part 1 and CSl part 2 follows that of PUCCH as described in Clause 5.2.4.

When CSlI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2
CSl isaccording to the priority order shown in Table 5.2.3-1, where N Rep isthe number of CSI reports configured to be
carried on the PUSCH. Priority 0 isthe highest priority and priority 2N Rep isthe lowest priority and the CSI report n
corresponds to the CSI report with the nth smallest Prii csi(y,k,c,s) value among the N, , CSl reports as defined in

Clause 5.2.5. The subbands for a given CSl report n indicated by the higher layer parameter csi-ReportingBand are
numbered continuously in increasing order with the lowest subband of csi-ReportingBand as subband 0. When omitting
Part 2 CSI information for a particular priority level, the UE shall omit al of theinformation at that priority level.

- For Enhanced Type Il reports, for agiven CSI report n, each reported element of indices i, 4, i,5,; and i, ;,,
indexed by 1,i and f, is associated with apriority value Pri(l,i,f) =2 - L-v - n(f) + v - i + |, withw(f) =
min(2 - nd}, 2 (Ns —n)) = D with1 =12, ...,v,i =0,1,..,2L — 1,and f = 0,1,..., M, — 1, and where
nY) is defined in Clause 5.2.2.2.5. The element with the highest priority has the lowest associated value
Pri(l, i, f). Omission of Part 2 CSl is according to the priority order shown in Table 5.2.3-1, where
- Group Oincludesindices i, , (if reported), i, , (if reported) and i, g; (I = 1, ..., v).

- Group lincludesindicesi, s (if reported), i; ¢, (if reported), thev2LM, — |K"% /2] highest priority elements
NZ NZ
of iy 7, ip3;, the max (0, [KT] - v) highest priority elements of i, , ; and the max (0, [KT] - v) highest
priority elementsof i,5; (I = 1, ...,v).
NZ
- Group 2 includes the | KN4 /2| lowest priority elements of i, ;;, the min (K NZ _ v, lKTJ) lowest priority

NZ
elements of i, ,, and the min (K"’Z -V, lKTJ) lowest priority elementsof i, 5, (I = 1, ...,v).

- For Further Enhanced Type |1 Port Selection reports, for agiven CSl report n, each reported element of i, 4
iys;andi,;, indexed by [, i and f, is associated with apriority value Pri(l, i, f) = Ky -v - f + v - i + [, with
[=12,..,v,i=01,..,K;—1and f =0, ..., M — 1. The element with the highest priority has the lowest
associated value Pri(l, i, f). Omission of Part 2 CSl is according to the priority order shown in Table 5.2.3-1,
where:

- Group Oincludes i, , (if reported), iy g, (I = 1, ...,v) and i, ¢ (if reported).

- Group lincludesthe vK; M — [K"? /2] highest priority elements of i, ,, (if reported), i, 5, the
NZ NZ
max (0, [KT] - v) highest priority elements of i, ,; and the max (0, [KT] - v) highest priority elements of

iZ,S,l (l = 1, ...,U).

NZ
- Group 2 includes the |KV# /2| lowest priority elements of i, ,, (if reported), the min (K NZ _y, IKTJ) lowest

NZ
priority elements of i, ,; and the min (KNZ -, lKTD lowest priority elementsof iys; (I = 1, ..., v).
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Table 5.2.3-1: Priority reporting levels for Part 2 CSI

Priority O:

For CSl reports 1 to Ng,,,, Group 0 CSI for CSI reports
configured as 'typel I-r16', ‘typel |-PortSelection-r16' or ‘typell-
PortSelection-r17'; Part 2 wideband CSI for CSI reports
configured otherwise

Priority 1:

Group 1 CSl for CSl report 1, if configured as 'typell-r16',
‘typelI-PortSelection-r16' or 'typell-PortSelection-r17'; Part 2
subband CSl of even subbands for CSI report 1, if configured

otherwise

Priority 2:

Group 2 CSl for CSl report 1, if configured as 'typel I-r16,
'typel I-PortSelection-r16' or 'typel I-PortSelection-r17'; Part 2
subband CSl of odd subbands for CSI report 1, if configured

otherwise

Priority 3:

Group 1 CSl for CSl report 2, if configured as 'typell-r16',
‘typelI-PortSelection-r16' or 'typell-PortSelection-r17'; Part 2
subband CSI of even subbands for CSI report 2, if configured

otherwise

Priority 4:

Group 2 CSl for CSl report 2, if configured as 'typell-r16',
'typel I-PortSelection-r16' or 'typel I-PortSelection-r17'. Part 2
subband CS| of odd subbands for CSI report 2, if configured

otherwise

Priority 2Ng,, — 1:

Group 1 CSl for CSl report Ng,,,, if configured as ‘typel I-r16',
'typel I-PortSelection-r16' or 'typel |-PortSelection-r17'; Part 2
subband CSI of even subbands for CSI report Ng.p,, if
configured otherwise

Priority 2Nge,:

Group 2 CSl for CSl report Ng,,, if configured as 'typell-r16',
‘typelI-PortSelection-r16' or 'typell-PortSelection-r17'; Part 2
subband CSl of odd subbands for CSI report Ng,,,, if
configured otherwise

When the UE is scheduled to transmit a transport block on PUSCH not using repetition type B multiplexed with a CSI

report(s), Part 2 CSl is omitted only when ’7(005 L) AU _N”f _1M wi () CUL’ZS?“*IK islarger than
]-; - offset £ r
1=0 r=0
NQ‘#%%—lMuc. M| -0 _ Q! where eters O PUSCH  \JPUSCH p UG (]
1=0 sC ACK/CG-UCI CsSl-1» parameters Ucg ., » LCSI—Z’ ﬁoffset » Weymball * Vi ( )’

Cuscr Kiv Q'cairr Qack jco-ver ad o are defined in Clause 6.3.2.4 of [5, TS 38.212).
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Part 2 CSl is omitted level by level, beginning with the lowest priority level until the lowest priority level is reached

which causesthe ’7(003 L+ Leg z)-,BFf’fUSCH ‘Ns,mzui‘ —1M ucl (I )/cULZsc:H—lK w to be less than or equal to [a -
- -. offset c r
1=0 r=0

Ngmbai—1 ) Ucl , '
=0 Mg (l)] = Qack/ce-uvct — Qcsi-1-

When the UE is scheduled to transmit a transport block on PUSCH using repetition type B multiplexed with aCSl
report(s), Part 2 CSl is omitted only when

PUSCH
Nwmb,nominal_1 CyL-scH—1
PUSCH ucl
(Ocsi-2 + Lesi-2) * Bofiset Z Mg romina (D) / Z K,
=0 =0
islarger than
NPUSbCH . al_l ucl
. symb,nomin: _ ! _ 1]
X 1=0 Msc,nominal (l) QACK/CG—UCI QCS!—l ’
min WUy ,
symb,actu 7 ]
1=0 Msc,actual (l) - QACK/CG—UCI - QCS|-1
PUSCH PUSCH PUSCH ucl uclt
where parameters Ocg 5, Legs s Bosienr + Noymbmominas Neymb actuas Msenomina (s Mecacua (D) Cyp s+ Ko

Qicx/ce-verr Q'cg.1» @nd a are defined in Clause 6.3.2.4 of [5, TS 38.212].

Part 2 CSI isomitted level by level, beginning with the lowest priority level until the lowest priority level is reached
which causes

NPUSCH L
symb,nominal CuL-scH-1

(Ocsi2 + Lesi2) - Bira Z M omina (l)/ Z K,

=0

to be less than or equal to

NPUSCH
A symb,nominal MUC| (l) N’ !
i =0 sc,nominal QACK/CG—UCI QCSI-l ’
min
NQ‘rJnSbc;ma-l ucl
, ! !
1=0 Msc,actual (l) - QACK/CG—UCI - QCSI-l

When part 2 CSl istransmitted on PUSCH with no transport block, lower priority bits are omitted until Part 2 CSI code
rate, which isgiven by (Ocsi2 + Lesiz) /Ny - Q'csyz - Q,,) where Ocgy 3, Lesia: Ny, Q'csi2, @, @re givenin clause
6.3.2.4 of [5, 38.212] before HARQ-ACK puncturing part 2 CSI if any, is below athreshold coderate c, lower than
one, where

R
¢ =
Bt
ﬁCSl—pal’tZ.

offsetISthe CSI offset value from Table 9.3-2 of [6, TS 38.213]

- Rissignaled coderatein DCI

If the UE isin an active semi-persistent CSl reporting configuration on PUSCH, the CSI reporting is deactivated when
either the downlink BWP or the uplink BWP is changed. Another activation command is required to enable the semi-
persistent CSl reporting.

5.2.4 CSl reporting using PUCCH

A UE is semi-statically configured by higher layersto perform periodic CSI Reporting on the PUCCH. A UE can be
configured by higher layers for multiple periodic CSI Reports corresponding to multiple higher layer configured CSI
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Reporting Settings, where the associated CS| Resource Settings are higher layer configured. Periodic CSI reporting on
PUCCH formats 2, 3, 4 supports Type | CSI with wideband granularity.

A UE shall perform semi-persistent CSl reporting on the PUCCH applied starting from the first slot that is after slot n +
3NSUPITame R \yhen the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the

slot
PDSCH carrying the activation command described in clause 6.1.3.16 of [10, TS 38.321] where uisthe SCS
configuration for the PUCCH. The activation command will contain one or more Reporting Settings where the
associated CSl Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type | CSI.
Semi-persistent CSI reporting on the PUCCH format 2 supports Type | CSI with wideband frequency granularity. Semi-
persistent CSl reporting on PUCCH formats 3 or 4 supports Type | CSI with wideband and sub-band frequency
granularitiesand Type |l CS| Part 1.

When the PUCCH carry Type | CSI with wideband frequency granularity, the CSl payload carried by the PUCCH
format 2 and PUCCH formats 3, or 4 are identical and the same irrespective of RI (if reported), CRI (if reported). A
CSl-ReportConfig with codebookType set to 'typel -SinglePanel' and the corresponding CSI-RS Resource Set for
channel measurement configured with two Resource Groups and N Resource Pairs can be configured with wideband
frequency granularity only with csi-ReportMode set to ‘Model' and number OfSingleTRP-CS-Model set to X = 0. For
type | CSI sub-band reporting on PUCCH formats 3, or 4, the payload is split into two parts. The first part contains RI
(if reported), CRI (if reported), CQI for the first codeword. The second part contains PMI (if reported), LI (if reported)
and contains the CQI for the second codeword (if reported) when RI > 4. For a CS-ReportConfig configured with
subband reporting, codebookType set to ‘typel -SinglePanel’ and the corresponding CSI-RS Resource Set for channel
measurement configured with two Resource Groups and N Resource Pairs, Part 1 contains RI(s), CRI(s), CQI(s) for the
first codeword and is zero padded to a fixed payload size (if needed). Part 2 contains the CQI(s) for the second
codeword (if reported) when RI islarger than 4, LIs (if reported) and PMI(S).

A semi-persistent report carried on the PUCCH formats 3 or 4 supports Type Il CSI feedback, but only Part 1 of Typell
CSl feedback (See Clause 5.2.2 and 5.2.3). Supporting Type Il CSl reporting on the PUCCH formats 3 or 4isaUE
capability type2-SP-CS -Feedback-LongPUCCH. A Type Il CSI report (Part 1 only) carried on PUCCH formats 3 or 4
shall be calculated independently of any Type Il CSl reports carried on the PUSCH (see Clause 5.2.3).

When the UE is configured with CSI Reporting on PUCCH formats 2, 3 or 4, each PUCCH resource is configured for
each candidate UL BWP.

If the UE isin an active semi-persistent CSl reporting configuration on PUCCH and has not received a deactivation
command, the CSI reporting takes place when the BWP in which the reporting is configured to take place is the active
BWP, otherwise the CSI reporting is suspended.

A UE isnot expected to report CS| with atotal number of UCI bits and CRC bits larger than 115 bits when configured
with PUCCH format 4. For CSl reports transmitted on a PUCCH, if all CSl reports consist of one part, the UE may omit
aportion of CSl reports. Omission of CS| is according to the priority order determined from the Prii csi(y,k,c,s) value as
defined in Clause 5.2.5. CSl report is omitted beginning with the lowest priority level until the CSI report code rateis
less or equal to the one configured by the higher layer parameter maxCodeRate.

If any of the CSl reports consist of two parts, the UE may omit a portion of Part 2 CSl. Omission of Part 2 CSl is
according to the priority order shown in Table 5.2.3-1. Part 2 CSl is omitted beginning with the lowest priority level
until the Part 2 CSl code rate isless or equal to the one configured by higher layer parameter maxCodeRate.

5.2.5 Priority rules for CSI reports

CSl reports are associated with a priority value Prijcq (v, k,¢,8) =2 Negys * Mg *y + Negyys * Mgk + Mg -c + s
where

- y=0 for aperiodic CSl reportsto be carried on PUSCH y=1 for semi-persistent CSI reports to be carried on
PUSCH, y=2 for semi-persistent CSl reportsto be carried on PUCCH and y =3 for periodic CSl reportsto be
carried on PUCCH,;

- k=0for CSI reports carrying L1-RSRP or L1-SINR and k=1 for CSI reports not carrying L1-RSRP or L1-
SINR;

- cistheserving cell index and N, isthe value of the higher layer parameter maxNrofServingCells;

- sisthereportConfiglD and Misthe value of the higher layer parameter maxNrofCSl -ReportConfigurations.
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A first CSl report is said to have priority over second CSI report if the associated Priics(y, k,C, S) valueislower for the
first report than for the second report.

Two CSl reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports
overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two
colliding CSlI reports,

- if y values are different between the two CSI reports, the following rules apply except for the case when one of
they valueis 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Clause 5.2.3;
for CSl reports transmitted on PUCCH, as described in Clause 5.2.4):

- The CSl report with higher Priics(y, K,C,S) value shall not be sent by the UE.

- otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in
Clause 9.2.5.2in[6, TS 38.213].

If asemi-persistent CSI report to be carried on PUSCH overlaps in time with PUSCH data transmission in one or more
symbols on the same carrier, and if the earliest symbol of these PUSCH channels starts no earlier than N2+d21 symbols
after the last symbol of the DCI scheduling the PUSCH where d 1 is the maximum of the d 1 associated with the
PUSCH carrying semi-persistent CSl report and the PUSCH with data transmission, the CSI report shall not be
transmitted by the UE. Otherwise, if the timeline requirement is not satisfied thisis an error case.

If a UE would transmit a first PUSCH that includes semi-persistent CSl reports and a second PUSCH that includes an
UL-SCH on the same carrier, and the first PUSCH transmission would overlap in time with the second PUSCH
transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first
and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time
when at least one of the first or second PUSCH transmissionsisin response to a DCI format detection by the UE.

5.3 UE PDSCH processing procedure time

If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-
ACK timing K;and Kfise, if configured, and the PUCCH resource to be used and including the effect of the timing
advance, starts no earlier than at symbol L1, where L is defined as the next uplink symbol with its CP starting after

T..=(N +d;+d,)(2048+144) x27* .T_+T,, after the end of the last symbol of the PDSCH carrying the TB being
acknowledged, then the UE shall provide avalid HARQ-ACK message.

- Niisbased on p of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where
corresponds to the one of (UepccH, MroscH, Hul) resulting with the largest Tyroc,1, Where the pepccH corresponds to
the subcarrier spacing of the PDCCH scheduling the PDSCH, the ppsch corresponds to the subcarrier spacing of
the scheduled PDSCH, and . corresponds to the subcarrier spacing of the uplink channel with which the
HARQ-ACK isassumed to be transmitted regardless of whether or not the PDSCH reception provides a
transport block for aHARQ process with disabled HARQ-ACK information as indicated by HARQ-
feedbackEnabling-disablingperHARQprocess, if provided, and «k is defined in clause 4.1 of [4, TS 38.211].

- For operation with shared spectrum channel accessin FR1, T_, iscalculated according to [4, TS 38.211],

otherwise T_ =0.

- If the PDSCH DM-RS position [; for the additional DM-RSin Table 7.4.1.1.2-3 in clause 7.4.1.1.2 of [4, TS
38.211] isl; = 12 then Nyo=14 in Table 5.3-1, otherwise N1,0=13.

- If the UE is configured with multiple active component carriers, the first uplink symbol which carries the
HARQ-ACK information further includes the effect of timing difference between the component carriers as
givenin[11, TS 38.133].

- For the PDSCH mapping type A asgivenin clause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH ison
the i-th symbol of the dot wherei <7, thendy1= 7 -1, otherwise di,1= 0

- If aPUCCH of alarger priority index would overlap with PUCCH/PUSCH of a smaller priority index, d for the
PUCCH of alarger priority is set as reported by the UE; otherwise dz= 0.
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- For UE processing capability 1: If the PDSCH is mapping type B as given in clause 7.4.1.1 of [4, TS 38.211],
and

- if the number of PDSCH symbols alocated isL > 7, then di1 = 0,
- if the number of PDSCH symbols allocated isL > 4 and L <6, thendy1 = 7- L.

- if the number of PDSCH symbols allocated isL = 3 then di1 = 3+ min (d,1), where d is the number of
overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

- if the number of PDSCH symbols alocated is 2, then di,1 = 3+d, where d is the number of overlapping
symbols of the scheduling PDCCH and the scheduled PDSCH.

- For UE processing capability 2: If the PDSCH is mapping type B as given in clause 7.4.1.1 of [4, TS 38.211],
- if the number of PDSCH symbols alocated isL > 7, then di1 = 0,

- if the number of PDSCH symbols allocated isL > 3 and L <6, then dy 1 isthe number of overlapping symbols
of the scheduling PDCCH and the scheduled PDSCH,

- if the number of PDSCH symbols alocated is 2,

- if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same
starting symbol, then d11 = 3,

- otherwise dy1 isthe number of overlapping symbols of the scheduling PDCCH and the scheduled
PDSCH.

- For UE processing capability 2 with scheduling limitation when peosch = 1, if the scheduled RB allocation
exceeds 136 RBs, the UE defaults to capability 1 processing time. The UE may skip decoding a number of
PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability
2, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1
processing time.

- For aUE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
isapplied if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for
the cell and set to ‘enable’.

- PDSCH processing capahility 2 is not applied to PDSCH scheduled by PDCCH with DCI format 4 0,4 1, or
4 2.

- If this PUCCH resource is overlapping with another PUCCH or PUSCH resource, then HARQ-ACK is
multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the HARQ-ACK messageis
transmitted on PUCCH.

Otherwise the UE may not provide avalid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tyroc1 iS
used both in the case of normal and extended cyclic prefix.

For a PDSCH that consists of two PDSCH transmission occasions in time domain in one slot, ds 3 is calculated based on
the first PDSCH transmission occasion in the slot, and as described above.

For PDSCH with mapping Type B, if PDSCH is scheduled by a PDCCH reception that includes two PDCCH
candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], d11 for PDSCH
processing time is determined by considering the PDCCH candidate that resultsin larger di1 value.
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Table 5.3-1: PDSCH processing time for PDSCH processing capability 1

PDSCH decoding time N1 [symbols]
dmrs-AdditionalPosition ='pos0' in dmrs-AdditionalPosition # 'pos0' in
DMRS-DownlinkConfig in DMRS-DownlinkConfig in any of
dmrs-DownlinkForPDSCH- dmrs-DownlinkForPDSCH-
MappingTypeA and dmrs- MappingTypeA, dmrs-
U DownlinkForPDSCH-MappingTypeB if DownlinkForPDSCH-MappingTypeB,
either higher layer parameter is dmrs-DownlinkForPDSCH-
configured, and in dmrs- MappingTypeA-DCI-1-2, dmrs-
DownlinkForPDSCH-MappingTypeA-DCI- | DownlinkForPDSCH-MappingTypeB-DCI-
1-2 and dmrs-DownlinkForPDSCH- 1-2,
MappingTypeB-DCI-1-2 if either higher or if none of the higher layer parameters
layer parameter is configured is configured
0 8 Nz,
1 10 13
2 17 20
3 20 24
5 80 96
6 160 192

Table 5.3-2: PDSCH processing time for PDSCH processing capability 2

PDSCH decoding time N1 [symbols]
dmrs-AdditionalPosition = 'pos0' in
DMRS-DownlinkConfig in
U dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if
either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-
MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either
higher layer parameter is configured

0 3
1 4.5
2 9 for frequency range 1

5.3.1

When the UE is scheduled with DCI format 0_1 or 1_1 with a'Minimum applicable scheduling offset indicator’ field in
dlot n, it shall determine the Komin and Kamin Values, if configured respectively, to be applied, while the previously
applied Komin and/or Kamin Values are applied until the new values take effect. If the DCI in slot n aso indicates an active
DL (UL) BWP change for aserving cell, the indicated Komin (Kzmin) value in the new active DL (UL) BWP, if
configured, is applied from the slot indicated by the slot offset value of the time domain resource assignment field in the
DCI. Otherwise, change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be
applied in dot n+X of the scheduling cell. The UE does not expect to be scheduled with DCI format 0_1 or 1_1 with
‘Minimum applicable scheduling offset indicator' field indicating another change to Komin Or Kamin for the same active
BWP of the scheduled cell before dot n+ X of the scheduling cell.

Application delay of the minimum scheduling offset restriction

When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field indicating a change to the
applied Komin or Kamin is contained within the first three symbols of slot n, the value of application delay X is determined

2HPDCCH

by, X = max ([KOminmd . 7] ,Z#) where Kominoia IS the currently applied Komin value of the active DL BWP in

2HPDSCH
the scheduled cell and is zero, if minimumSchedulingOffsetkO is not configured for the active DL BWP in the scheduled
cell, Z, isdetermined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and givenin
Table5.3.1-1, and pppoccH and pPepsc are the sub-carrier spacing configurations for PDCCH of the active DL BWPin
the scheduling cell and PDSCH of the active DL BWP in the scheduled cell, respectively, in ot n. After indication of a
change to the applied Komin or Kamin Of the scheduled cell in slot n of the scheduling cell, if thereis an active DL BWP
change in the scheduling cell before slot n+ X, the new Komin and/or Kamin values are applied from the first slot no earlier
than the start of slot n+ X based on the sub-carrier spacing configuration of the active DL BWP in the scheduling cell in
slot n.

When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the
first three symbols of the slot, value of Z, from Table 5.3.1-1 isincremented by one before determining the application
delay X. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as
described in clause 10.1 of [6, TS 38.213], for the purpose of determining 'Minimum applicable scheduling offset
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indicator' field is received outside the first three symbols of the slot, the PDCCH candidate that ends later intimeis
used.

Table 5.3.1-1: Definition of Z,

2 Zy
0 1
1 1
2 2
3 2
5 8
6 16

54 UE CSI computation time

When the CSl request field on a DCI triggers a CSl report(s) on PUSCH, the UE shall provide avalid CSl report for the
n-th triggered report,

- if thefirst uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance,
starts no earlier than at symbol Z., and

- if thefirst uplink symbol to carry the n-th CSl report including the effect of the timing advance, starts no earlier
than at symbol Z'.«(n),

where Z:« is defined as the next uplink symbol withits CP starting T, , =(Z)(2048+144) - k2* - T_+T,,, after theend
of the last symbol of the PDCCH triggering the CSI report(s), and where Z'1(n), is defined as the next uplink symbol
withits CP starting T, ., =(Z')(2048+144)- k2 .T_after the end of the last symbol in time of the latest of: aperiodic

CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and aperiodic NZP
CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for the n-th triggered
CSl report, and where Tswiteh iS defined in clause 6.4 and is applied only if Z; of table 5.4-1 is applied.

If the PUSCH indicated by the DCI is overlapping with another PUCCH or PUSCH, then the CSI report(s) are
multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213] and clause 5.2.5 when applicable, otherwise the
CSl report(s) are transmitted on the PUSCH indicated by the DCI.

When the CSl request field on a DCI triggers a CSl report(s) on PUSCH, if the first uplink symbol to carry the
corresponding CSl report(s) including the effect of the timing advance, starts earlier than at symbol Z,

- the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH.

When the CSl request field on a DCI triggers a CSl report(s) on PUSCH, if the first uplink symbol to carry the n-th CSI
report including the effect of the timing advance, starts earlier than at symbol Z',e(n),

- the UE may ignore the scheduling DCI if the number of triggered reportsis one and no HARQ-ACK or transport
block is multiplexed on the PUSCH

- Otherwise, the UE is not required to update the CSI for the n-th triggered CSI report.

When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining the last symbol of the PDCCH triggering the CSI
report(s), the PDCCH candidate that ends later in timeis used.

Z, 7' and p are defined as:

Z= max 1(Z (m)) andZz' = max 1(Z’(m)), where M is the number of updated CSl report(s) according to
m=0,...M— m=0,...M—

Clause 5.2.1.6, (Z(m), Z'(m)) corresponds to the m-th updated CSI report and is defined as

- (Z4,Z)) of thetable 5.4-1 if max{ proccH, Hes-rs, Hut} £ 3 and if the CSl istriggered without a PUSCH with

either transport block or HARQ-ACK or both when L = 0 CPUs are occupied (according to Clause 5.2.1.6) and
the CSI to be transmitted is a single CSI and corresponds to wideband frequency-granularity where the CSI
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corresponds to at most 4 CSI-RS portsin a single resource without CRI report and where CodebookTypeis set to
'typel-SinglePanel’ or where reportQuantity is set to ‘cri-RI-CQI', or

(Z,1,Z7) of thetable 5.4-2 if the CSl to be transmitted corresponds to wideband frequency-granularity where the
CSl corresponds to at most 4 CSI-RS portsin a single resource without CRI report and where CodebookTypeis
set to 'typel-SinglePanel’ or where reportQuantity is set to ‘cri-RI-CQI', or

(Z,1,Z7) of thetable 5.4-2 if the CSl to be transmitted corresponds to wideband frequency-granularity where the
reportQuantity is set to 'ssh-Index-SINR', ‘cri-SINR', 'ssb-Index-SINR-Capability[ Set]Index ', or ‘cri-SINR-
Capability[ Set]Index ', or

(Z3,Z%) of thetable 5.4-2 if reportQuantity is set to 'cri-RSRP, 'ssh-Index-RSRP, ‘cri-RSRP-

Capability[ Set]Index’ or 'ssh-1ndex-RSRP-Capability[ Set]Index ', where X isaccording to UE reported
capability beamReportTiming and KB, is according to UE reported capability beamSwitchTiming as defined in
[13, TS 38.306], or

(Z,,Z3) of table 5.4-2 otherwise.

 of table 5.4-1 and table 5.4-2 corresponds to the min (UppccH, Hes-rs, Hul) Where the tppccH corresponds to the
subcarrier spacing of the PDCCH with which the DCI was transmitted and [y, corresponds to the subcarrier
spacing of the PUSCH with which the CSl report isto be transmitted and picg-rs corresponds to the minimum
subcarrier spacing of the aperiodic CSI-RS triggered by the DCI

Table 5.4-1: CSI computation delay requirement 1

Z1 [symbols]

H Z Zh
0 10 8
1 13 11
2 25 21
3 43 36

Table 5.4-2: CSI computation delay requirement 2

U Z1 [symbols] Z2 [symbols] Z3 [symbols]
Z1 Zh Z> Z" Z3 Z's
0 22 16 40 37 22 Xo
1 33 30 72 69 33 X1
2 44 42 141 140 min(44,X2+ KB1) X2
3 97 85 152 140 min(97, Xs+ KB2) X3
5 388 340 608 560 min(388, X5+ X5
KB3)
6 776 680 1216 1120 min(776, X6+ X6
KB4)
5.5 UE PDSCH reception preparation time with cross carrier

scheduling with different subcarrier spacings for PDCCH
and PDSCH

This clause applies only if the PDCCH carrying the scheduling DCI is received on one carrier with one OFDM
subcarrier spacing (Ueocer), and the PDSCH scheduled to be received by the DCI is on another carrier with ancther
OFDM subcarrier spacing (MposcH)-

If the Uppcer < Mepsch, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH
alocation, including the DM-RS, as defined by the ot offset Ko and the start and length indicator SLIV of the
scheduling DCI starts no earlier than the first symbol of the slot of the PDSCH reception starting at |east Npgsch PDCCH
symbols after the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing
difference between the scheduling cell and the scheduled cell.
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If the Upocer > MrpscH, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH
alocation, including the DM-RS, as defined by the dlot offset Ko and the start and length indicator SLIV of the
scheduling DCI starts no earlier than Npassch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not
taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.

When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining Noasch, the PDCCH candidate that ends later intimeis
used.

Table 5.5-1: Npasch as a function of the subcarrier spacing of the scheduling PDCCH

HPDCCH Npdsch [symbols]
4

5

10

14

56

112

ODWIN O

6 Physical uplink shared channel related procedure

6.1 UE procedure for transmitting the physical uplink shared
channel

PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a
configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to
operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant
without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently
scheduled by an UL grant in avalid activation DCI according to clause 10.2 of [6, TS 38.213] after the reception of
higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If
configuredGrantConfigToAddModList is configured, more than one configured grant configuration of configured grant
Type 1 and/or configured grant Type 2 may be active at the same time on an active BWP of a serving cell.

The UE can be configured with alist of up to 64 UL-TClState configurations within the higher layer parameter BWP-
UplinkDedicated. Each UL-TClState configuration contains a parameter for configuring one reference signal, if
applicable, for determining UL TX spatid filter for dynamic-grant and configured-grant based PUSCH and PUCCH
resourcein a CC, and SRS.

For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI
format O_0 or O_1, the parameters applied for the transmission are provided by configuredGrantConfig except for
dataScramblingl dentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided
by pusch-Config. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format
0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for

dataScramblingl dentityPUSCH, txConfig, codebookSubsetDCI-0-2, maxRankDCI-0-2, scaling of UCI-OnPUSCH,
resourceAllocationTypelGranularityDCI-0-2 provided by pusch-Config. If the UE is provided with transformPrecoder
in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config,
according to the procedure described in clause 6.1.4 for the PUSCH transmission corresponding to a configured grant.
When the UE is configured dI-OrJoint-TClI SateList or UL-TCISate, the UE shall perform PUSCH transmission
corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial
relation, if applicable, with areference to the RS for determining UL Tx spatial filter. The RS is determined based on an
RS configured with gcl-Type set to 'typeD’ of the indicated TClISate or an RSin the indicated UL-TClState. The
reference RS in the indicated TClState can be a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher
layer parameter repetition, or a CSI-RS resource in an NZP-CS -RS-ResourceSet configured with higher layer parameter
trs-Info. The reference RS in the indicated UL-TCl State can be a CSI-RS resource in a NZP-CS -RS-Resour ceSet
configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CS-RS-ResourceSet configured with
higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to
‘beamM anagement’, or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 138 ETSI TS 138 214 V17.3.0 (2022-09)

For the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters
in pusch-Config are applied for the PUSCH transmission except for pO-Nominal WithoutGrant, pO-PUSCH-Alpha,
power Control LoopToUse, pathl ossReferencelndex described in clause 7.1 of [6, TS 38.213], mcs-Table, mes-
TableTransformPrecoder described in clause 6.1.4.1 and transformPrecoder described in clause 6.1.3.

For a UE configured with two uplinksin aserving cell, PUSCH retransmission for aTB on the serving cell is not expected
to be on adifferent uplink than the uplink used for the PUSCH initial transmission of that TB.

A UE shall upon detection of a PDCCH with a configured DCI format 0_0, 0_1 or 0_2 transmit the corresponding
PUSCH asindicated by that DCI unless the UE does not generate a transport block as described in [10, TS38.321].
Upon detection of aDCI format 0_1 or 0_2 with 'UL-SCH indicator’ set to '0' and with a non-zero 'CS request’ where
the associated reportQuantity in CSl-ReportConfig set to 'none’ for all CSI report(s) triggered by 'CS request’ in this
DCI format 0_1 or 0_2, the UE ignores al fieldsin this DCI except the 'CS request’ and the UE shall not transmit the
corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. When the UE is scheduled with multiple PUSCHs
by aDCI, HARQ process I D indicated by this DCI appliesto the first PUSCH not overlapping with aDL symbol
indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an
SS/PBCH block with index provided by ssb-PositionsinBurst, HARQ process I D is then incremented by 1 for each
subsequent PUSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPUSCH applied if
nrofHARQ-ProcessesF-orPUSCH is provided, or with modul o operation of 16 applied, otherwise. HARQ process D is
not incremented for PUSCH(s) not transmitted if at least one of the symbolsindicated by the indexed row of the used
resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-
UL-DL-ConfigurationDedicated if provided, or a symbol of an SSYPBCH block with index provided by ssh-
PositionsInBurst. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH
that overlapsin time with another PUSCH. Except for the case when a UE is configured by higher layer parameter
PDCCH-Config that contains two different values of coresetPoollndex in Control ResourceSet for the active BWP of a
serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHSs are associated to different
Control ResourceSets having different values of coresetPoolIndex, for any two HARQ process IDsin a given scheduled
cell, if the UE is scheduled to start afirst PUSCH transmission starting in symbol j by aPDCCH ending in symbol i on
a scheduling cell,, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first
PUSCH by a PDCCH that ends later than symbol i of the scheduling cell. When the PDCCH reception includes two
PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose
of determining the PDCCH ending in symbol i, the PDCCH candidate that ends later in timeis used. The UE is not
expected to be scheduled to transmit another PUSCH by a DCI format 0_0 with CRC scrambled by TC-RNTI, for a
given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that
HARQ processif the latter is scheduled by a DCI format 0_0 with CRC scrambled by TC-RNTI or by an UL grantin
RA Response. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0 0,0 1or0_2
scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI for a given HARQ process with the DCI received before the end of
the expected transmission of the last PUSCH for that HARQ processiif the latter is scheduled by a DCI with CRC
scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI.

If aUE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPool | ndex
in Control ResourceSet for the active BWP of a serving cell and PDCCHSs that schedule two non-overlapping in time
domain PUSCHSs are associated to different Control Resour ceSets having different values of coresetPoollndex, for any
two HARQ process IDs in agiven scheduled cell, if the UE is scheduled to start afirst PUSCH transmission starting in
symbol j by a PDCCH associated with a value of coresetPoollndex ending in symbol i, the UE can be scheduled to
transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different val ue of
coresetPool Index that ends later than symbol i.

A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell
overlapping in time with a transmission occasion, where the UE is alowed to transmit a PUSCH with configured grant
according to [10, TS38.321], starting in a symbol j on the same serving cell if the end of symbol i isnot at least N,
symbols before the beginning of symbol j, if the UE is not provided prioritizationBetweenLP-DG-PUSCHandHP-CG-
PUSCH or prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH, or the UE is provided prioritizationBetweenL P-
DG-PUSCHandHP-CG-PUSCH or prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH and the two PUSCHSs
have the same priority index as described in Clause 9 of [6, TS 38.213]. The value N, in symbolsis determined
according to the UE processing capability defined in Clause 6.4, and N, and the symbol duration are based on the
minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the
PDCCH scheduling the PUSCH.

If a UE receivesan ACK for agiven HARQ processin CG-DFI in aPDCCH ending in symbol i to terminate a transport
block repetition in a PUSCH transmission with a configured grant on a given serving cell with the same HARQ process
after symbol i, the UE is expected to terminate the repetition of the transport block in a PUSCH transmission starting
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from asymbol j if the gap between the end of PDCCH of symbol i and the start of the PUSCH transmission in symbol j
isequal to or more than N2 symbols. The value N2 in symbols is determined according to the UE processing capability
defined in Clause 6.4, and N2 and the symbol duration are based on the minimum of the subcarrier spacing
corresponding to the PUSCH and the subcarrier spacing of the PDCCH indicating CG-DFI. A UE is not expected to be
scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell for agiven HARQ process, if
there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10,
TS38.321] with the same HARQ process on the same serving cell starting in a symbol j after symbol i, and if the gap
between the end of PDCCH and the beginning of symbol j islessthan N, symbols. The value N, in symbolsis
determined according to the UE processing capability defined in clause 6.4, and N, and the symbol duration are based
on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier
spacing of the PDCCH scheduling the PUSCH.

For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if
applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell,
as described in Clause 9.2.1 of [6, TS 38.213]. If the dedicated PUCCH resource with the lowest ID within the active
UL BWP of the cell corresponds to two spatial relations, the UE shall transmit the PUSCH according to the spatial
relation with the lower ID.

For PUSCH scheduled by DCI format 0_0 on acell and if the higher layer parameter enableDefaultBeamPL-
ForPUSCHO-0 is set 'enabled’, the UE is not configured with PUCCH resources on the active UL BWP and the UE isin
RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with areferenceto
the RS configured with gcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest
ID on the active DL BWP of the cell. If the CORESET isindicated with two TCI states, sfnSchemePdcch is configured
and the UE supports [ DefaultBeamPL-For PUSCH-SfnPdcch], the UE shall use the first TCI state asthe QCL
assumption.

For PUSCH scheduled by DCI format 0_0 on acell and if the higher layer parameter enableDefaultBeamPL-
ForPUSCHO-0 is set 'enabled', the UE is configured with PUCCH resources on the active UL BWP where all the
PUCCH resource(s) are not configured with any spatial relation and the UE isin RRC connected mode, the UE shall
transmit PUSCH according to the spatial relation, if applicable, with areference to the RS configured with gcl-Type set
to 'typeD’ corresponding to the QCL assumption of the CORESET with the lowest 1D on the active DL BWP of the cell
in case CORESET (s) are configured on the cell. If the CORESET isindicated with two TCI states, sfhSchemePdcch is
configured and the UE supports [ DefaultBeamPL-For PUSCH-SnPdcch], the UE shall use the first TCI state asthe
QCL assumption.

For uplink, 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ
processes per cell as defined in [13, TS 38.306]. The number of processes the UE may assume will at most be used for
the uplink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPUSCH,
and when no configuration is provided the UE may assume a default number of 16 processes.

6.1.1 Transmission schemes

Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based
transmission. The UE is configured with codebook based transmission when the higher layer parameter txConfig in
pusch-Config is set to ‘codebook’, the UE is configured non-codebook based transmission when the higher layer
parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the UE is not
expected to be scheduled by DCI format 0_1 or 0_2. If PUSCH is scheduled by DCI format 0_0, the PUSCH
transmission is based on a single antenna port. Except if the higher layer parameter enableDefaultBeamPL -
ForPUSCHO-0 is set 'enabled’, the UE shall not expect PUSCH scheduled by DCI format 0_0 in a BWP without
configured PUCCH resource with PUCCH-Spatial Relationlnfo in frequency range 2 in RRC connected mode.

6.1.1.1 Codebook based UL transmission

For codebook based transmission, PUSCH can be scheduled by DCI format O_0, DCI format 0_1, DCI format 0_2 or
semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, DCI
format 0_2, or semi-statically configured to operate according to Clause 6.1.2.3, the UE determines its PUSCH
transmission precoder(s) based on SRI(s), TPMI(s) and the transmission rank, where the SRI(s), TPMI(s) and the
transmission rank are given by DCI fields of one or two SRS resource indicators and one or two Precoding information
and number of layersin clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1and 0_2 or given by srs-
Resourcelndicator and precodingAndNumber OfLayers according to clause 6.1.2.3 or given by srs-Resourcelndicator,
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srs-Resourcel ndicator 2, precodingAndNumber OfLayers, and precodingAndNumber OfLayers2 according to clause
6.1.2.3. The SRS ResourceSet(s) applicable for PUSCH scheduled by DCI format O_1 and DCI format O_2 are defined
by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2
in SRS-config, respectively. Only one or two SRS resource sets can be configured in srs-ResourceSetToAddModList
with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, and only one or two SRS resource sets can be
configured in srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to
‘codebook’.

When only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-
0-2 with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, SRI and TPMI are given by the DCI fields
of one SRS resource indicator and one Precoding information and number of layersin clause 7.3.1.1.2 and 7.3.1.1.3 of
[5, TS 38.212] for DCI format 0_1 and O_2 or given by srs-Resourcel ndicator and precodingAndNumber OfLayers
according to clause 6.1.2.3. The TPMI is used to indicate the precoder to be applied over the layers{0...v-1} and that
corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if asingle SRS
resource is configured TPMI is used to indicate the precoder to be applied over the layers {0...v-1} and that
corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of
antenna ports equal to higher layer parameter nrofSRS-Portsin SRS-Config, as defined in Clause 6.3.1.50of [4, TS
38.211]. When the UE is configured with the higher layer parameter txConfig set to ‘codebook’, the UE is configured
with at least one SRS resource. Theindicated SRI in slot n is associated with the most recent transmission of SRS
resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.

When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-
2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook’, one or two SRI(s), and one or two TPMI(s)
are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layersin
clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and O0_2. The UE appliesthe indicated SRI(s) and
TPMI(s) to one or more PUSCH repetitions according to the associated SRS resource set of a PUSCH repetition
according to clause 6.1.2.1. Each TPMI, based on indicated codepoint of SRS Resource Set indicator, is used to indicate
the precoder to be applied over the layers {0...v-1} and that corresponds to the SRS resource selected by the
corresponding SRI when multiple SRS resources are configured for the applicable SRS resource set, or if asingle SRS
resource is configured for the applicable SRS resource set TPMI is used to indicate the precoder to be applied over the
layers{0...v-1} and that corresponds to the SRS resource. For one or two TPMI(s), the transmission precoder is
selected from the uplink codebook that has a number of antenna ports equal to the higher layer parameter nrofSRS-Ports
in SRS-Config for the indicated SRI(s), as defined in Clause 6.3.1.5 of [4, TS 38.211]. When two SRIs are indicated,
the UE shall expect the nrofSRS-Ports for the two indicated SRS resources to be the same. When the UE is configured
with the higher layer parameter txConfig set to ‘codebook’, the UE is configured with at least one SRS resource. Each of
the indicated one or two SRI(s) in slot n is associated with the most recent transmission of SRS resource of associated
SRS resource set identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI. When two SRS
resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher
layer parameter usage in SRS-ResourceSet set to ‘codebook’, the UE is not expected to be configured with different
number of SRS resourcesin the two SRS resource sets.

When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining the most recent transmission of SRS resource identified by
the SRI, the PDCCH candidate that starts earlier in timeis used.

For codebook based transmission, the UE determines its codebook subsets based on TPMI(s) and upon the reception of
higher layer parameter codebookSubset in pusch-Config for PUSCH associated with DCI format 0_1 and
codebookSubsetDCI-0-2 in pusch-Config for PUSCH associated with DCI format 0_2 which may be configured with
‘fullyAndPartial AndNonCoherent’, or 'partial AndNonCoherent’, or ‘'nonCoherent’ depending on the UE capability.
When higher layer parameter ul-FullPower Transmission is set to 'full powerMode2' and the higher layer parameter
codebookSubset or the higher layer parameter codebookSubsetDCI-0-2 is set to 'partial AndNonCoherent’, and when the
SRS-resourceSet with usage set to "codebook” includes at least one SRS resource with 4 ports and one SRS resource
with 2 ports, the codebookSubset associated with the 2-port SRS resource is 'nonCoherent'. The maximum transmission
rank may be configured by the higher layer parameter maxRank in pusch-Config for PUSCH scheduled with DCI
format 0_1 and maxRankDCI-0-2 for PUSCH scheduled with DCI format 0_2.

A UE reporting its UE capability of 'partial AndNonCoherent' transmission shall not expect to be configured by either
codebookSubset or codebookSubsetDCI-0-2 with 'fullyAndPartial AndNonCoherent'.

A UE reporting its UE capability of 'nonCoherent’ transmission shall not expect to be configured by either
codebookSubset or codebookSubsetDCI-0-2 with 'fullyAndPartial AndNonCoherent' or with 'partial AndNonCoherent'.
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A UE shall not expect to be configured with the higher layer parameter codebookSubset or the higher layer parameter
codebookSubsetDCI-0-2 set to 'partial AndNonCoherent' when higher layer parameter nrofSRS-Portsin an SRS
ResourceSet with usage set to ‘codebook’ indicates that the maximum number of the configured SRS antenna portsin
the SRS ResourceSet is two.

For codebook based transmission, only one SRS resource can be indicated based on the SRI from within the SRS
resource set. Except when higher layer parameter ul-FullPower Transmission is set to 'full powerMode2', the maximum
number of configured SRS resources for codebook based transmission is 2. If aperiodic SRSis configured for a UE, the
SRS request field in DCI triggers the transmission of aperiodic SRS resources.

A UE shall not expect to be configured with higher layer parameter ul-Full Power Transmission set to ‘fullpowerModel'
and codebookSubset or codebookSubsetDCI-0-2 set to 'full AndPartial AndNonCoherent’ simultaneoudly.

The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the
DCI format 0_1 or O_2 or by configuredGrantConfig according to clause 6.1.2.3.

DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].

Except when higher layer parameter ul-FullPower Transmission is set to 'fullpowerMode2', when multiple SRS
resources are configured by SRS-ResourceSet with usage set to ‘codebook’, the UE shall expect that higher layer
parameters nrof SRS-Ports in SRS Resource in SRS-ResourceSet shall be configured with the same value for al these
SRS resources.

When higher layer parameter ul-FullPower Transmission is set to 'fullpowerMode?,

- the UE can be configured with one SRS resource or multiple SRS resources with same or different number of
SRS ports within an SRS resource set with usage set to ‘codebook’.

- upto 2 different spatial relations can be configured for all SRS resources in the SRS resource set with usage
set to 'codebook’ when multiple SRS resources are configured in the SRS resource set.

- subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with
usage set to ‘codebook’.

6.1.1.2 Non-Codebook based UL transmission

For non-codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1, DCI format 0_2
or semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1,
DCI format 0_2, or semi-statically configured to operate according to Clause 6.1.2.3, the UE can determine its PUSCH
precoder(s) and transmission rank based on the SRI(s) when multiple SRS resources are configured, where the SRI(S) is
given by one or two SRS resource indicator(s) in DCI according to clause 7.3.1.1.2 and 7.3.1.1.3 of [5, 38.212] for DCI
format 0_1 and DCI format 0_2, or the SRI is given by srs-Resourcelndicator according to clause 6.1.2.3, or two SRIs
given by srs-Resourcelndicator and srs-Resourcelndicator2 according to clause 6.1.2.3.. The SRS-ResourceSet(s)
applicable for PUSCH scheduled by DCI format 0_1 and DCI format O_2 are defined by the entries of the higher layer
parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. The
UE shall use one or multiple SRS resources for SRS transmission, where, in a SRS resource set, the maximum number
of SRS resources which can be configured to the UE for simultaneous transmission in the same symbol and the
maximum number of SRS resources are UE capabilities. The SRS resources transmitted simultaneously occupy the
same RBs. Only one SRS port for each SRS resource is configured. Only one or two SRS resource sets can be
configured in srs-ResourceSetToAddModList with higher layer parameter usage in SRS-ResourceSet set to
'nonCodebook’, and only one or two SRS resource sets can be configured in srs-ResourceSetToAddModListDCI-0-2
with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. When two SRS resource sets are
configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter
usage in SRS-ResourceSet set to 'nonCodebook’, one or two SRIs are given by the DCI fields of two SRS resource
indicatorsin clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. The UE applies the indicated
SRI(s) to one or more PUSCH repetitions according to the associated SRS resource set of a PUSCH repetition
according to clause 6.1.2.1. The maximum number of SRS resources per SRS resource set that can be configured for
non-codebook based uplink transmission is 4. Each of the indicated one or two SRIsin slot n is associated with the most
recent transmission of SRS resource(s) of associated SRS resource set identified by the SRI, where the SRS
transmission is prior to the PDCCH carrying the SRI. When two SRS resource sets are configured in srs-
ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS
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ResourceSet set to 'nonCodebook’, the UE is not expected to be configured with different number of SRS resourcesin
the two SRS resource sets.

When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in
clause 10.1 of [6, TS 38.213], for the purpose of determining the most recent transmission of SRS resource(s) identified
by the SRI, the PDCCH candidate that starts earlier in timeis used.

For non-codebook based transmission, the UE can calcul ate the precoder used for the transmission of SRS based on
measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for
each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to ‘'nonCodebook’ if
configured.

- If aperiodic SRS resource set is configured, the associated NZP-CSI-RSisindicated via SRS request field in
DCI format 0_1and 1 1, aswell asDCI format 0_2 (if SRS request field is present) and DCI format 1 2 (if SRS
request field is present), where AperiodicSRS-ResourceTrigger and AperiodicSRS-ResourceTriggerList
(indicating the association between aperiodic SRS triggering state(s) and SRS resource sets), triggered SRS
resource(s) srs-ResourceSetld, csi-RS (indicating the associated NZP-CS -RS-Resourcel d) are higher layer
configured in SRS-ResourceSet. The SRS-ResourceSet(s) associated with the SRS request by DCI format 0_1 and
1 1 aredefined by the entries of the higher layer parameter srs-ResourceSetToAddModList and the SRS
ResourceSet(s) associated with the SRS request by DCI format 0 2 and 1 2 are defined by the entries of the
higher layer parameter srs-ResourceSetToAddModListDCI-0-2. A UE is not expected to update the SRS
precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CS|-RS resource
and the first symbol of the aperiodic SRS transmission is less than 42: 2™ax(0#=3) OFDM symbols, where the
SCS configuration i isthe smallest SCS configuration between the NZP-CSI-RS resource and the SRS
transmission.

- If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the
associated CSI-RSisindicated by the SRS request field if the value of the SRS request field is not ‘00" asin
Table 7.3.1.1.2-24 of [5, TS 38.212] and if the scheduling DCI is not used for cross carrier or cross bandwidth
part scheduling. If UE is configured with minimumSchedulingOffsetK0 in the active DL BWP and the currently
applicable minimum scheduling offset restriction Komin is larger than 0, the UE does not expected to receive the
scheduling DCI with the SRS request field value other than '00". The CSI-RS islocated in the same slot asthe
SRS request field. If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, any
of the TCI states configured in the scheduled CC shall not be configured with gcl-Type set to 'typeD'.

- If periodic or semi-persistent SRS resource set is configured, the NZP-CS-RS-Resourceld for measurement is
indicated via higher layer parameter associatedCS-RSin SRS-ResourceSet.

The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) and their
corresponding PUSCH layers{0 ... v-1} given by DCI format O_1 or O_2 or by configuredGrantConfig according to
clause 6.1.2.3 in increasing order.

The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by
SRI(s) given by DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in
(i+1)-th SRSresource in the SRS resource set isindexed as p =1000+i -

DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].

For non-codebook based transmission, the UE does not expect to be configured with both spatial Relationinfo for SRS
resource and associatedCS-RSin SRS-ResourceSet for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 or 0_2 when at least one SRS
resource is configured in SRS-ResourceSet with usage set to ‘'nonCodebook'.

6.1.2 Resource allocation

6.1.2.1 Resource allocation in time domain

When the UE is scheduled to transmit a transport block and no CSl report by a DCI or by a RAR UL grant or
fallbackRAR UL grant, or the UE is scheduled to transmit a transport block and a CSl report(s) on PUSCH by a DCI,
the 'Time domain resource assignment’ field value m of the DCI or the PUSCH time resource allocation field value m
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of the RAR UL grant or of the fallbackRAR UL grant provides arow index m + 1 to an allocated table. The
determination of the used resource allocation table is defined in Clause 6.1.2.1.1. The indexed row defines the slot
offset Ky, the start and length indicator SLIV, or directly the start symbol Sand the alocation length L, the PUSCH
mapping type, the number of slots used for TBS determination (if number OfSotsTBoMSis present in the resource
allocation table), and the number of repetitions (if number OfRepetitionsis present in the resource allocation table) to be
applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a'CS request' field
on aDCI, the 'Time domain resource assignment' field value m of the DCI provides arow index m + 1 to the allocated
table as defined in Clause 6.1.2.1.1. The indexed row defines the start and length indicator SLIV, or directly the start
symbol Sand the alocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission and the

Kz valueis determined as K, = maxY; (m+1) ,where v, j =0,., Ng, -1 arethecorresponding list entries of the
J
higher layer parameter

- reportSotOffsetListDCI-0-2 or reportSotOffsetListDCI-0-2-r17, if PUSCH is scheduled by DCI format 0_2 and
reportd otOffsetListDCI-0-2 or reportS otOffsetListDCI-0-2-r17 is configured;

- reportSotOffsetListDCI-0-1 or reportSotOffsetListDCI-0-1-r17, if PUSCH is scheduled by DCI format 0_1 and
reportSotOffsetListDCI-0-1 or reportS otOffsetListDCI-0-1-r17 is configured;

- reportSotOffsetList or reportSotOffsetList-r17, otherwise;

in CS-ReportConfig for the N Rep triggered CSl Reporting Settingsand v, (m +1) isthe (m+1)th entry of Y-
- Thedot Ks where the UE shall transmit the PUSCH is determined by K> as Ks=

HUPUSCH NCA NCA
{n 2 ‘+ K2+M ot offset PDCCH _ _Slotoffset PUSCH | pueusen | | i UEE is configured with ca-SlotOffset for

2/‘PDCCH 2/‘0ffsa,PDCCH 2/‘0ffsa,PUSCH

21pPuScH 21pPuScH

+ K, + Kaffset ’

at least one of the scheduled and scheduling cell, K = ln v— , otherwise, where

K, ffsec IS @parameter configured by higher layer as specified in clause 4.2 of [6 TS 38.213], and where
Hicyp fmis the subcarrier spacing configuration for K, ¢ (., with avalue of O for frequency range 1, nisthe slot
with the scheduling DCI, K is based on the numerology of PUSCH, 1, o, and .., arethesubcarrier

spacing configurations for PUSCH and PDCCH, respectively, and the scheduling DCI is other than DCI format
0_Owith CRC scrambled by TC-RNTI.

Z#Koffset

Ns(l:gt, offset, PDCCH and .uoffset, pDCccH A€ the Ns(l:([)\t, offset and the Iuoffset ' reSpeCtiverv which are determined by hlgher'

layer configured ca-SotOffset for the cell receiving the PDCCH, N$a: oftet, puscr @00 Hofsser, puscr are the
NS5 offser @ the 11, respectively, which are determined by higher-layer configured ca-SotOffset for the cell
transmitting the PUSCH, as defined in clause 4.5 of [4, TS 38.211], and

- for PUSCH scheduled by DCI format 0_1, if pusch-RepTypelndicatorDCI-0-1 is set to 'pusch-RepTypeB', the
UE applies PUSCH repetition Type B procedure when determining the time domain resource allocation. For
PUSCH scheduled by DCI format 0_2, if pusch-RepTypelndicatorDCI-0-2 is set to 'pusch-RepTypeB', the UE
applies PUSCH repetition Type B procedure when determining the time domain resource allocation. Otherwise,
the UE applies PUSCH repetition Type A procedure when determining the time domain resource allocation for
PUSCH scheduled by PDCCH, by RAR UL grant, or by fallbackRAR UL grant.

- for PUSCH scheduled by DCI format 0_1 or DCI format O_2, if number OfSotsTBoMSis present and larger than
1, the UE applies TB processing over multiple slots procedure when determining the time domain resource
allocation.

For PUSCH repetition Type A and TB processing over multiple sots, the starting symbol Srelative to the start
of the dlot, and the number of consecutive symbols L counting from the symbol Sallocated for the PUSCH are
determined from the start and length indicator SLIV of the indexed row:

if (L-1)<7 then
SV =14-(L-1)+S

else
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LIV =14- (14— L+1) + (14-1-9)
where0<L<14-S, and

- For PUSCH repetition Type B, the starting symbol Srelative to the start of the slot, and the number of
consecutive symbols L counting from the symbol Sallocated for the PUSCH are provided by startSymbol and
length of the indexed row of the resource allocation table, respectively.

- For PUSCH repetition Type A and TB processing over multiple slots, the PUSCH mapping typeis set to Type A
or Type B asdefined in Clause 6.4.1.1.3 of [4, TS 38.211] as given by the indexed row.

- For PUSCH repetition Type B, the PUSCH mapping typeis set to Type B.
The UE shall consider the Sand L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations

Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}
(repetition Type
A only)
Type B {0,...,13} {1,...,14} {1,...,14} for {0,..., 11} {1,...,12} {1,...,12} for
repetition Type A, repetition Type A,
{1,...,27} for {1,...,23} for
repetition Type B repetition Type B

For TB processing over multiple slots, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with
CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1,

- the number of dots used for TBS determination N is indicated by number OfS otsTBoMS.

- the number of repetitions K of the number of slots N used for TBS determination is determined as

- if number OfRepetitionsis present in the resource alocation table, the number of repetitionsK is equal to
number OfRepetitions;

- otherwise, K=1.

- when the UE supports repetition of TB processing over multiple sots, the UE does not expect that N - K islarger
than 32.

When configured with u=5 or 6 the UE does not expect to be scheduled with more than one PUSCH inadot, by a
single DCI or multiple DCls, where multiple DCIs are not associated with CORESET s having different

coresetpool I ndex.

For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC
scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitionsK is determined as

- if number OfRepetitionsis present in the resource allocation table, the number of repetitions K is equal to
number OfRepetitions;

- elsaf the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-
AggregationFactor;

- otherwise K=1.
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- the number of dots used for TBS determination N is equal to 1.

For PUSCH repetition type A, when transmitting PUSCH scheduled by RAR UL grant, the 2 MSBs of the MCS
information field of the RAR UL grant provide a codepoint to determine the number of repetitions K according to Table
6.1.2.1-1A, based on whether or not the higher layer parameter number OfMsg3-RepetitionsList is configured. The
number of dots used for TBS determination N is equal to 1.

For PUSCH repetition type A, when transmitting PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-
RNTI, the 2 MSBs of the MCS information field of the DCI format 0_0 with CRC scrambled by TC-RNTI provide a
codepoint to determine the number of repetitions K according to Table 6.1.2.1-1A, based on whether or not the higher
layer parameter number OfMsg3-RepetitionsList is configured. The number of slots used for TBS determination N is
equal to 1.

Table 6.1.2.1-1A: Number of repetition K as a function of 2 MSBs of MCS information field

numberOfMsg3-RepetitionsList is configured numberOfMsg3-RepetitionsList is not configured

Codepoint K Codepoint K

First value of
00 numberOfMsg3- 00 1
RepetitionsList

Second value of
01 numberOfMsg3- 01 2
RepetitionsList

Third value of
10 numberOfMsg3- 10 3
RepetitionsList

Fourth value of
11 numberOfMsg3- 11 4
RepetitionsList

If aUE is configured with higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH, the UE does not
expect to be configured with pusch-AggregationFactor.

If aUE is configured with pusch-TimeDomainAllocationListForMultiPUSCH-r17 in which one or more rows contain
multiple SLI1Vsfor PUSCH on a UL BWP of a serving cell, the UE does not apply pusch-AggregationFactor, if
configured, to DCI format 0_1 on the UL BWP of the serving cell and the UE does not expect to be configured with
number OfRepetitions in pusch-TimeDomainAllocationListForMultiPUSCH-r17.

If aUE is configured with pusch-TimeDomainAllocationListForMultiPUSCH-r17 in which one or more rows contain
multiple SL1Vs for PUSCH on a UL BWP of a serving cell, when any two UL DCls end in the same symbol and at least
one of the DCls scheduling multiple PUSCHSs, the UE does not expect that the any scheduled multiple PUSCHs have
overlapping spans, where the span associated with a DCI is defined from the beginning of the first scheduled PUSCH
till the end of the last scheduled PUSCH.

For unpaired spectrum:

- When AvailableSotCounting is enabled, and in case K> 1, the UE determines N - K slots for aPUSCH
transmission of a PUSCH repetition type A scheduled by DCI format O_1 or O_2, based on tdd-UL-DL-
ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssh-PositionsinBurst, and the TDRA
information field value in the DCI format 0_1 or 0_2.

- A dotisnot counted in the number of N - K slots for PUSCH transmission of a PUSCH repetition Type A
scheduled by DCI format 0_1 or O_2 if at least one of the symbols indicated by the indexed row of the used
resource alocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH
block with index provided by ssh-PositionsinBurst.

- Otherwise, the UE determines N - K consecutive dots for a PUSCH transmission of a PUSCH repetition type A
scheduled by DCI format 0_1 or O_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.

- TheUE determines N - K dotsfor a PUSCH transmission of TB processing over multiple slots scheduled by

DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and
ssh-PositionsinBurst, and the TDRA information field value in the DCI format 0_1 or 0_2.
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- A dotisnot counted in the number of N - K slots for a PUSCH transmission of TB processing over multiple
dotsif at least one of the symbolsindicated by the indexed row of the used resource allocation table in the
dot overlaps with aDL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated if provided, or asymbol of an SSYPBCH block with index provided by ssh-
PositionsinBurst.

The UE determines N - K slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by RAR UL
grant, based on tdd-UL-DL-ConfigurationCommon and ssb-PositionsinBurst, and the TDRA information field
valuein the RAR UL grant.

- A dotisnot counted in the number of N - K slots for a PUSCH transmission of a PUSCH repetition Type A
scheduled by RAR UL grant, if at least one of the symbolsindicated by the indexed row of the used resource
alocation table in the dot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon if
provided, or asymbol of an SSY/PBCH block with index provided by ssh-PositionsinBurst.

The UE determines N - K slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by DCI
format 0_0 with CRC scrambled by TC-RNTI, based on tdd-UL-DL-ConfigurationCommon and ssb-
PositionsInBurst and the TDRA information field value in the DCI scheduling the PUSCH.

- A dotisnot counted in the number of N - K dotsfor a PUSCH transmission of a PUSCH repetition Type A
scheduled by DCI format 0_0 scrambled by TC-RNTI, if at least one of the symbols indicated by the indexed
row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-
ConfigurationCommon if provided, or a symbol of an SS/PBCH block with index provided by ssb-
PositionsinBurst.

For paired spectrum and SUL band:

The UE determines N - K consecutive dlots for a PUSCH transmission of a PUSCH repetition type A scheduled
by DCI format 0_1 or 0_2, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI
format 0_1 or O_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.

For the case of areduced capability half-duplex UE, the UE determines N - K dots for a PUSCH transmission of
a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2 when AvailableSotCounting is enabled and
K>1, or for aPUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2,
based on the TDRA information field value in the DCI format 0_1 or 0_2. A dot is not counted in the number of
N - K dotsif at least one of the symbols indicated by the indexed row of the used resource allocation table in the
slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionsinBurst.

The UE determines N - K consecutive dots for a PUSCH transmission of a PUSCH repetition Type A scheduled
by RAR UL grant, based on the TDRA information field value in the RAR UL grant.

The UE determines N - K consecutive dots for a PUSCH transmission of a PUSCH repetition Type A scheduled
by DCI format 0_0 with CRC scrambled by TC-RNTI, based on the TDRA information field value in the DCI
scheduling the PUSCH.

If a UE would transmit a PUSCH of PUSCH repetition Type A when AvailableSotCounting is enabled and K>1 or a
TB processing over multiple slotsover N - K slots, and the UE does not transmit the PUSCH of a TB processing over
multiple slots or the PUSCH repetition Type A in aslot from the N - K dots, according to clause 9, clause 11.1 and
clause 11.2A of [6, TS 38.213], the UE counts the slotsin the number of N - K dots.

For PUSCH repetition Type A, in case K>1,

If the PUSCH is scheduled by DCI format 0_1 or 0_2

- if AvailableSotCounting is enabled, the same symbol allocation is applied acrossthe N - K dots determined
for the PUSCH transmission and the PUSCH islimited to a single transmission layer. The UE shall repeat the
TB acrossthe N - K dlots determined for the PUSCH transmission, applying the same symbol allocation in
each dot.

- Otherwise, the same symbol allocation is applied acrossthe N - K consecutive slots and the PUSCH is
limited to a single transmission layer. The UE shall repeat the TB acrossthe N + K consecutive slots applying
the same symbol alocation in each slot.
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- Elseif the PUSCH is scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, the
same symbol alocation is applied acrossthe N - K dots determined for the PUSCH transmission and the PUSCH
islimited to asingle transmission layer. The UE shall repeat the TB acrossthe N - K slots determined for the
PUSCH transmission, applying the same symbol allocation in each slot.

For TB processing over multiple dots:

- For unpaired spectrum, the same symbol allocation is applied acrossthe N - K slots determined for the PUSCH
transmission and the PUSCH islimited to a single transmission layer. The UE shall transmit the TB across the
N - K dots determined for the PUSCH transmission, applying the same symbol allocation in each slot.

- For paired spectrum or supplementary uplink band, the same symbol allocation is applied acrossthe N - K
consecutive slots and the PUSCH islimited to asingle transmission layer. The UE shall transmit the TB across
the N - K consecutive dots applying the same symbol allocation in each dlot.

- For the case of reduced capability half-duplex UE, the same symbol allocation is applied acrossthe N - K
slots determined for the PUSCH transmission and the PUSCH is limited to a single transmission layer. The
UE shall transmit the TB acrossthe N - K dots determined for the PUSCH transmission, applying the same
symbol allocation in each dlot.

For a PUSCH transmission scheduled by DCI format O_1, or 0_2, or 0_0 with CRC scrambled by TC-RNTI, the
redundancy version to be applied on the nth transmission occasion of the TB, wheren=0, 1, ... N - K -1, isdetermined
according to table 6.1.2.1-2.

For a PUSCH transmission of a PUSCH repetition Type A scheduled by RAR UL grant, the redundancy version to be
applied on the nth transmission occasion of the TB, wheren =0, 1, ... N - K -1, isdetermined according to the first row
of Table6.1.2.1-2.

Table 6.1.2.1-2: Redundancy version for PUSCH transmission

rvig indicated by the DCI rvis to be applied to nth transmission occasion (repetition Type A) or TB
scheduling the PUSCH processing over multiple slots) or n'" actual repetition (repetition Type B)
((n-(n mod N))/N) | ((n-(n mod N))/N) | ((n-(n mod N))/N) | ((n-(n mod N))/N)
mod 4=0 mod4=1 mod 4 =2 mod 4=3
0 0 2 3 1
2 2 3 1 0
3 3 1 0 2
1 1 0 2 3

When transmitting MsgA PUSCH on a non-initial UL BWP, if the UE is configured with startSymbol AndLengthMsgA-
PO, the UE shall determine the Sand L from startSymbol AndLengthMsgA-PO.

When transmitting MsgA PUSCH, if the UE is not configured with startSymbol AndLengthMsgA-PO, and if the TDRA
list PUSCH-TimeDomainResourceAllocationList is provided in PUSCH-ConfigCommon, the UE shall use msgA-
PUSCH-TimeDomainAllocation to indicate which values are used in the list. If PUSCH-
TimeDomainResourceAllocationList is not provided in PUSCH-ConfigCommon, the UE shall use parameters Sand L
from table 6.1.2.1.1-2 or table 6.1.2.1.1-3 where msgA-PUSCH-TimeDomainAll ocation indicates which values are used
inthe list. The time offset for PUSCH transmission is described in [6, TS 38.213].

For PUSCH repetition Type A and TB processing over multiple slots, a PUSCH transmission in aslot of a multi-slot
PUSCH transmission is omitted according to the conditionsin Clause 9, Clause 11.1, Clause 11.2A and Clause 17.2 of
[6, TS 38.213].

For PUSCH repetition Type B, except for PUSCH transmitting CSI report(s) with no transport block, the number of

nominal repetitionsis given by number OfRepetitions. For the n-th nominal repetition, n =0, ..., number OfRepetitions -
11
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S+n-L
The slot where the nominal repetition startsis given by K J{NTJ , and the starting symbol relative to the

b
start of the slot is given by rmd(S+ n-L, N;?b) .

S+(n+1)-L-1

e J , and the ending symbol relative
N

The slot where the nominal repetition endsis given by K, +{

to the start of the slot is given by rmd(S+(n+1)- L-1 N;ﬁtb) .

Here K, isthe slot where the PUSCH transmission starts, and N2, isthe number of symbols per slot as defined in
Clause 4.3.2 of [4, TS38.211].

For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as
follows:

A symbol that isindicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.

For operation in unpaired spectrum, symbols indicated by ssb-PositionsinBurst in SIB1 or ssh-PositionslnBurst
in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH
repetition Type B transmission.

For areduced capability half-duplex UE in paired spectrum and for PUSCH repetition Type B transmission,
symbolsindicated by ssb-PositionsinBurst in SIB1 or by ssb-PositionsinBurst in ServingCell ConfigCommon, or
by ssb-PositionsInBurst in SSB-MTC-Additional PCl associated to physical cell 1D with active TCI states for
PDCCH or PDSCH, or for a set of symbols of aslot corresponding to SSYPBCH blocks configured for L1 beam
measurement/reporting for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH
repetition Type B transmission.

For operation in unpaired spectrum, symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for
Type0-PDCCH CSS set are considered as invalid symbol(s) for PUSCH repetition Type B transmission.

For operation in unpaired spectrum, if number OflnvalidSymbolsFor DL-UL-Switching is configured,

number Ofl nvalidSymbol sFor DL-UL-Switching symbol(s) after the last symbol that is indicated as downlink in
each consecutive set of all symbolsthat are indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-
UL-DL-ConfigurationDedicated are considered as invalid symbol(s) for PUSCH repetition Type B transmission.
The symbol(s) given by number Ofl nvalidSymbol sForDL-UL-Switching are defined using the reference SCS
configuration referenceSubcarrier Spacing provided in tdd-UL-DL-ConfigurationCommon.

For operation with shared spectrum channel access with semi-static channel occupancy, symbolsin anidle
duration associated with a periodic channel occupancy as described in Clause 4.3.1.1 of [16, 37.213], or inan
idle duration in a period associated with an initiated channel occupancy as described in Clause 4.3.2. of [16, TS
37.213] are considered asinvalid symbol(s) for PUSCH repetition Type B transmission.

The UE may be configured with the higher layer parameter invalidSymbol Pattern, which provides a symbol

level bitmap spanning one or two slots (higher layer parameter symbols given by invalidSymbol Pattern). A bit
value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol
for PUSCH repetition Type B transmission. The UE may be additionally configured with a time-domain pattern
(higher layer parameter periodicityAndPattern given by invalidSymbol Pattern), where each bit of
periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap symbols, and a bit
value equal to 1 indicates that the symbol level bitmap symbolsis present in the unit. The periodicityAndPattern
canbe{1, 2, 4,5, 8, 10, 20 or 40} unitslong, but maximum of 40 msec. The first symbol of
periodicityAndPattern every 40 msec/P periodsisafirst symbol in frame ns mod 4 = 0, where P is the duration
of periodicityAndPattern-r16 in units of msec. When periodicityAndPattern is not configured, for a symbol level
bitmap spanning two dlots, the bits of the first and second slots correspond respectively to even and odd dots of a
radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a
radio frame. If invalidSymbolPattern is configured, when the UE appliesthe invalid symbol patternis
determined as follows:
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- if the PUSCH is scheduled by DCI format 0_1, or corresponds to a Type 2 configured grant activated by DCI
format 0_1, and if invalidSymbol PatternindicatorDCI-0-1 is configured,

- if invalid symbol pattern indicator field is set 1, the UE appliesthe invalid symbol pattern;
- otherwise, the UE does not apply the invalid symbol pattern;

- if the PUSCH is scheduled by DCI format 0_2, or corresponds to a Type 2 configured grant activated by DCI
format 0_2, and if invalidSymbol PatternindicatorDCI-0-2 is configured,

- if invalid symbol pattern indicator field is set 1, the UE appliesthe invalid symbol pattern;
- otherwise, the UE does not apply the invalid symbol pattern;
- otherwise, the UE appliesthe invalid symbol pattern.
- IftheUE

- isconfigured with multiple serving cells within a cell group and is provided with
directional CollisionHandling-r 16 = 'enabled" for a set of serving cell(s) among the multiple serving cells, and

- indicates support of half-DuplexTDD-CA-SameSCSr16 capability, and
- isnot configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells,

- asymbol indicated to the UE for reception of SS/PBCH blocksin afirst cell of the multiple serving cells
by ssb-PositionsinBurst in S B1 or by ssh-PositionsInBurst in ServingCell ConfigCommon, or by ssb-
PositionsInBurst in SSB-MTC-Additional PCI associated to physical cell ID with active TCI states for
PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SSYPBCH blocks configured for L1
beam measurement/reporting is considered as an invalid symbol for PUSCH repetition Type B
transmissionin

- any of the multiple serving cellsif the UE is not capable of simultaneous transmission and reception
asindicated by simultaneousRxTxInterBandCA among the multiple serving cells, and

- any one of the cells corresponding to the same band as the first cell, irrespective of any capability
indicated by simultaneousRxTxInterBandCA

and

- asymbol isconsidered as an invalid symbol in another cell among the set of serving cell(s) provided with
directional CollisionHandling-r16 for PUSCH repetition Type B transmission with Type 1 or Type 2
configured grant except for the first Type 2 PUSCH transmission (including all repetitions) after
activation if the symbol isindicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated on the reference cell as defined in Clause 11.1 of [6, TS 38.213], or the UE is
configured by higher layersto receive PDCCH, PDSCH, or CSI-RS on the reference cell in the symbol.

For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for
each of the K nominal repetitions, the remaining symbols are considered as potentialy valid symbols for PUSCH
repetition Type B transmission. If the number of potentially valid symbols for PUSCH repetition type B transmission is
greater than zero for anominal repetition, the nominal repetition consists of one or more actual repetitions, where each
actual repetition consists of a consecutive set of al potentially valid symbols that can be used for PUSCH repetition
Type B transmission within aslot. An actual repetition with a single symbol is omitted except for the case of L=1. An
actual repetition is omitted according to the conditionsin Clause 9, Clause 11.1, Clause 11.2A and Clause 17.2 of [6,
TS 38.213]. The UE shall repeat the TB across actual repetitions. The redundancy version to be applied on the nth
actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table
6.1.2.1-2, where N=1.

For PUSCH repetition Type B, when a UE receives a DCI that schedules aperiodic CSl report(s) or activates semi-
persistent CSl report(s) on PUSCH with no transport block by a'CSl request’ field on a DCI, the number of nominal
repetitions is always assumed to be 1, regardless of the value of number OfRepetitions. When the UE is scheduled to
transmit a PUSCH repetition Type B with no transport block and with aperiodic or semi-persistent CSl report(s) by a
'CH request’ field on a DCl, the first nominal repetition is expected to be the same as the first actual repetition. For
PUSCH repetition Type B carrying semi-persistent CSI report(s) without a corresponding PDCCH after being activated
on PUSCH by a'CS request' field on a DCl, if the first nominal repetition is not the same as the first actual repetition,
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the first nominal repetition is omitted; otherwise, the first nominal repetition is omitted according to the conditionsin
Clause 9, Clause 11.1, Clause 11.2A and Clause 17.2 of [6, TS 38.213].

For PUSCH repetition Type B, when a UE is scheduled to transmit a transport block and aperiodic CSI report(s) on
PUSCH by a'C3 request' field on aDCI, the CSI report(s) is multiplexed only on the first actual repetition. The UE
does not expect that the first actual repetition has a single symbol duration.

If pusch-TimeDomainAllocationListForMultiPUSCH in pusch-Config contains row indicating resource allocation for
two to eight contiguous PUSCHS, K indicates the slot where UE shall transmit the first PUSCH of the multiple
PUSCHSs. Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the
number of indicated valid SL1Vsin the row of the pusch-TimeDomainAllocationListForMultiPUSCH signalled in DCI
format 0_1.

For pusch-TimeDomainAllocationListForMultiPUSCH-r17 in pusch-Config, each PUSCH has a separate SLIV,
mapping type and K. The number of scheduled PUSCHs s signalled by the number of indicated SLIVsin the row of
the pusch-TimeDomainAllocationListForMultiPUSCH-r17 signalled in DCI format 0_1.

If aUE is configured with pusch-TimeDomainAllocationListForMultiPUSCH-r17 in which one or more rows contain
multiple SL1Vs for PUSCH on a UL BWP of aserving cell, and the UE isindicated re-transmission of PUSCH by DCI
format O_1, where the PUSCH is correspond to a configured grant Type 1 or Type 2, the UE does not expect that the
number of indicated SLIVsin the row of the pusch-TimeDomainAllocationListForMultiPUSCH-r17 by the DCI is more
than one.

When the UE is configured with minimumSchedulingOffsetK2 in an active UL BWP it applies a minimum scheduling
offset restriction indicated by the 'Minimum applicable scheduling offset indicator' field in DCI format 0_1 or DCI
format 1_1 if the same field is available. When the UE is configured with minimumSchedulingOffsetk2 in an active UL
BWHP and it has not received 'Minimum applicable scheduling offset indicator' field in DCI format 0_1 or 1 1, the UE
shall apply a minimum scheduling offset restriction indicated based on 'Minimum applicable scheduling offset indicator
value '0'. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI
in slot n to transmit a PUSCH scheduled with C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI with K> smaller than

[KZmin : zziﬂl where Kamin and u are the applied minimum scheduling offset restriction and the numerology of the active

UL BWP of the scheduled cell when receiving the DCI in slot n, respectively, and ' is the numerology of the new
active UL BWP in case of active UL BWP change in the scheduled cell and is equal to u, otherwise. The minimum
scheduling offset restriction is not applied when PUSCH transmission is scheduled by RAR UL grant or fallbackRAR
UL grant for RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of
the minimum scheduling offset restriction is determined in Clause 5.3.1.

When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-
2 with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’ or ‘'noncodebook’, for PUSCH repetition Type
A, in case K> 1, the same symbol alocation is applied across the K consecutive slots and the PUSCH islimited to a
single transmission layer. The UE shall repeat the TB across the K consecutive slots applying the same symbol
allocation in each dlot, and the association of the first and second SRS resource set in srs-ResourceSetToAddModList or
srs-ResourceSetToAddModListDCI-0-2 to each dlot is determined as follows:

- ifaDCI format O_1 or DCI format O_2 indicates codepoint "00" for the SRS resource set indicator, the first SRS
resource set is associated with al K consecutive dots,

- ifaDCI format 0_1 or DCI format 0_2 indicates codepoint "01" for the SRS resource set indicator, the second
SRS resource set is associated with al K consecutive dots,

- if aDCI format 0_1 or DCI format O_2 indicates codepoint "10" for the SRS resource set indicator, the first and
second SRS resource set association to K consecutive slots is determined as follows:

- WhenK =2, thefirst and second SRS resource sets are applied to the first and second slot of 2 consecutive
dlots, respectively.

- When K > 2 and cyclicMapping in PUSCH-Config is enabled, the first and second SRS resource sets are
applied to the first and second slot of K consecutive slots, respectively, and the same SRS resource set
mapping pattern continues to the remaining sots of K consecutive slots.

- When K > 2 and sequentialMapping in PUSCH-Config is enabled, first SRS resource set is applied to the
first and second slots of K consecutive slots, and the second SRS resource set is applied to the third and

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 151 ETSI TS 138 214 V17.3.0 (2022-09)

fourth slot of K consecutive dots, and the same SRS resource set mapping pattern continues to the remaining
dots of K consecutive slots.

- Otherwise, aDCI format 0_1 or DCI format 0_2 indicates codepoint "11" for the SRSresource set indicator, and
the first and second SRS resource set association to K consecutive slotsis determined as follows,

- When K = 2, the second and first SRS resource set are applied to the first and second slot of 2 consecutive
slots, respectively.

- When K > 2 and cyclicMapping in PUSCH-Config is enabled, the second and first SRS resource sets are
applied to the first and second slot of K consecutive slots, respectively, and the same SRS resource set
mapping pattern continues to the remaining sots of the K consecutive sots.

- When K > 2 and sequentialMapping in PUSCH-Config is enabled, the second SRS resource set is applied to
the first and second slot of K consecutive dots, and the first SRS resource set is applied to the third and
fourth slot of K consecutive dots, and the same SRS resource set mapping pattern continues to the remaining
slots of the K consecutive dots.

For PUSCH repetition Type B, when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’ or
‘noncodebook’, the SRS resource set association to nominal PUSCH repetitions follows the same method as SRS
resource set association to slotsin PUSCH Type A repetition by considering nominal repetitions instead of dlots.

For both PUSCH repetition Type A and PUSCH repetition Type B, when aDCI format 0_1 or DCI format 0_2
indicates codepoint "10" or "11" for the SRS resource set indicator, the redundancy version to be applied on the nth
transmission occasion (for PUSCH repetition Type A) of the TB, wheren=0, 1, ... K-1, or nth actual repetition (for
PUSCH repetition Type B, with the counting including the actual repetitions that are omitted) is determined according
to Table 6.1.2.1-2 and Table 6.1.2.1-3. For all PUSCH repetitions associated with the SRS resource set of the first
transmission occasion or actual repetition, the redundancy version to be applied is derived according to Table 6.1.2.1-2,
where n is counted only considering PUSCH transmission occasions or actual repetitions associated with the same SRS
resource set as the first transmission occasion or actual repetition. The redundancy version for PUSCH transmission
occasions or actual repetitions that are associated with an SRS resource set other than the SRS resource set of the first
transmission occasion or actual repetition is derived according to Table 6.1.2.1-3, where additional shifting operation
for each redundancy version rv is configured by higher layer parameter sequenceOffsetforRV in PUSCH-Config and n
is counted only considering PUSCH transmission occasions or actual repetitions that are not associated with the SRS
resource set of the first transmission occasion or actual repetition.

Table 6.1.2.1-3: Applied redundancy version for the other SRS resource set (SRS resource set not
associated with the first transmission occasion or actual repetition) when sequenceOffsetforRV is
present

rvia to be applied to n'" transmission occasion (repetition Type A) or nt"
actual repetition (repetition Type B)

rvig indicated by the DCI
scheduling the PUSCH

nmod4=0

nmod4=1

nmod4=2

nmod4=3

(0 + rv;,) mod 4

(2 + rv,) mod 4

(3 + rvg) mod 4

(1+ rv,) mod 4

(2 + rv,) mod 4

(3 + rv,) mod 4

(1 + rvg) mod 4

(0 + rv,) mod 4

(3 + rv,) mod 4

(1+ rv,) mod 4

(0 + rvg) mod 4

(2 + rv,) mod 4

RWiIN (O

(1+ rv,) mod 4

(0 + rv,) mod 4

(2 + rvg) mod 4

(3 + rv,) mod 4

For PUSCH repetition Type A, when aDCI format 0_1 and DCI format O_2 indicate codepoint "10" or "11" for the SRS
resource set indicator and schedule aperiodic CSI report(s) on PUSCH with transport block by a'CSl request’ field ona
DCI, the CSl report(s) multiplexing is determined as follows

- if higher layer parameter AP-CS -MultiplexingMode in CS-AssociatedReportConfiglnfo is enabled and UCI other
than CSl report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately only on the first
transmission occasion associated with the first SRS resource set and the first transmission occasion associated
with the second SRS resource set.

- otherwise, the CSI report(s) is transmitted only on the first transmission occasion.

For PUSCH transmissions of TB processing over multiple slots, when a DCI format 0_1 and DCI format 0_2 schedule
aperiodic CSl report(s) on PUSCH with transport block by a'CSl request' field on a DCI, the CSl report(s) is
transmitted only on the first dot of the N - K dots determined for the PUSCH transmission.
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For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS
resource set indicator and schedule aperiodic CSl report(s) on PUSCH with transport block by a'CS request' field on a
DCI, CSl report(s) multiplexing is determined as follows

- if higher layer parameter AP-CS -MultiplexingMode in CS-AssociatedReportConfiginfo is enabled and the first
actual repetition associated with the first SRS resource set and the first actual repetition associated with the
second SRS resource set have the same number of symbols and UCI other than CSl report(s) are not multiplexed
on PUSCH, the CSI report(s) is multiplexed separately only on the first actual repetition associated with the first
SRS resource set and first actual repetition associated with the second SRS resource set.

- otherwise, the CSI report(s) is multiplexed only on the first actual repetition.

The UE does not expect a different number of actual PT-RS ports for the two actual repetitions when the CSI report(s) is transmitted
separately on two actual repetitions.

For PUSCH repetition Type A, when aDCI format 0_1 and DCI format O_2 indicate codepoint "10" or "11" for the SRS
resource set indicator and schedule aperiodic CSI report(s) on PUSCH with no transport block by a'CS request’ field
on aDCI, the number of repetitionsis assumed to be 2 regardless of the value of humber OfRepetitions or pusch-
AggregationFactor (if number OfRepetitions is not present in the time domain resource alocation table), and
transmission of CSl report(s) is determined as follows

- if higher layer parameter AP-CS-MultiplexingMode in CSl-AssociatedReportConfiglnfo is enabled and UCI other
than CSl report(s) are not multiplexed on PUSCH, the CSl report(s) is transmitted separately on the first
transmission occasion and the second transmission occasion

- otherwise, the CSI report(s) is transmitted only on the first transmission occasion.

For PUSCH repetition Type B, when aDCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS
resource set indicator and schedule aperiodic CSI report(s) or activates semi-persistent CSl report(s) on PUSCH with
no trangport block by a'CSl request' field on a DCI, the number of nominal repetitionsis always assumed to be 2
regardless of the value of number OfRepetitions, and the first and second nominal repetitions are expected to be the same
asthe first and second actual repetitions, and transmission of CSI report(s) is determined as follows:

- if higher layer parameter AP-CS -MultiplexingMode in CS-AssociatedReportConfiglnfo is enabled for aperiodic
CSl report(s) or higher layer paremeter SP-CS-MultiplexingMode in CS-Semi PersistentOnPUSCH-
Trigger Satelist is enabled for semi-persistent CSI report(s) and UCI other than CSI report(s) are not
multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first actual repetition and the second
actual repetition

- otherwise, the CSI report(s) istransmitted only on the first actual repetition.

The UE does not expect a different number of actual PT-RS ports for the two actual repetitions when the CSI report(s) is transmitted
separately on two actual repetitions.

For PUSCH repetition Type A, when aDCI format 0_1 and DCI format O_2 indicate codepoint "10" or "11" for the SRS
resource set indicator and activate semi-persistent CSI report(s) on PUSCH with no transport block by a'CS request’
field on a DCI, the number of repetitionsis aways assumed to be 2 regardless of the value of number OfRepetitions or
pusch-AggregationFactor (if number OfRepetitions is not present in the time domain resource allocation table), and
transmission of CSl report(s) is determined as follows

- if higher layer parameter SP-CS-MultiplexingMode in CS -SemiPersistenetOnPUSCH-Trigger StateList is
enabled and UCI other than CSl report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted
separately on the first transmission occasion and the second transmission occasion

- otherwise, the CSI report(s) is transmitted only on the first transmission occasion.

For PUSCH repetition Type B, when aDCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS
resource set indicator and the PUSCH repetition Type B carrying semi-persistent CSl report(s) without a corresponding
PDCCH after being activated on PUSCH by a'CSl request' field on a DCI, the number of nominal repetitionsis always
assumed to be 2 regardless of the value of number OfRepetitions, and transmission of CSl report(s) is determined as
follows

- if higher layer parameter SP-CS -MultiplexingMode in CSl -SemiPersistenetOnPUSCH-Trigger Statelist is
enabled and one of the first or second nominal repetition is the same as corresponding first or second actual
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repetition, the nominal repetition that is not having same actual repetition is omitted and the CSI report(s) is
transmitted on the actual repetition that is not omitted.

- if higher layer parameter SP-CS-MultiplexingMode in CSl -SemiPersistenetOnPUSCH-Trigger Statelist is
enabled and the first and second nominal repetitions are the same as the first and second actual repetitions and
the UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on
the first actual repetition and the second actual repetition

- otherwise, the CSI report(s) is transmitted only on the first actual repetition.

6.1.2.1.1

Determination of the resource allocation table to be used for PUSCH

Table6.1.2.1.1-1, Table 6.1.2.1.1-1A and Table 6.1.2.1.1-1B define which PUSCH time domain resource allocation

configuration to apply.

Table 6.1.2.1.1-4 defines the subcarrier spacing specific valuesj. j is used in determination of K in conjunction to table
6.1.2.1.1-2, for normal CP or table 6.1.2.1.1.-3 for extended CP, where pp;scy 1S the subcarrier spacing configurations

for PUSCH.

Table 6.1.2.1.1-5 defines the additional subcarrier spacing specific slot delay value for the first transmission of PUSCH
scheduled by the RAR or by the fallbackRAR. When the UE transmits a PUSCH scheduled by RAR or by the
fallbackRAR, the 4 value specific to the PUSCH subcarrier spacing peusch 1S applied in addition to the K, value.

Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation for common search space and
DCI format 0_0 in UE specific search space

RNTI PDCCH pusch-ConfigCommon pusch-Config includes PUSCH time domain
search includes pusch- pusch- resource allocation to apply
space TimeDomainAllocationList | TimeDomainAllocationList

PUSCH scheduled by No - Default A

MAC RAR as described Yes pusch-
in clause 8.2 of [6, TS TimeDomainAllocationList
38.213] or MAC provided in pusch-
fallbackRAR as described ConfigCommon
in clause 8.2A of [6,
38.213] or for MsgA
PUSCH transmission
C-RNTI, | Any common No - Default A
MCS-C- | search space Yes pusch-

RNTI, associated TimeDomainAllocationList

TC- with provided in pusch-

RNTI, CORESET 0 ConfigCommon

CS-RNTI
C-RNTI, | Any common No No Default A
MCS-C- | search space Yes No pusch-

RNTI, not TimeDomainAllocationList

TC- associated provided in pusch-

RNTI, with ConfigCommon

CS-RNTI | CORESET 0, No/Yes Yes pusch-
DCI format TimeDomainAllocationList
0_0in provided in pusch-Config
UE specific
search space
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Table 6.1.2.1.1-1A: Applicable PUSCH time domain resource allocation for DCI format 0_1 in UE
specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI

pusch- pusch-Config pusch-Config pusch-Config includes PUSCH time domain
ConfigCommon includes includes pusch- pusch- resource allocation to
includes pusch- TimeDomainAlloc | TimeDomainAllocationLi apply
pusch- TimeDomainAll ationListDCI-0-1 st-ForMultiPUSCH or
TimeDomainAll ocationList pusch-Config includes
ocationList pusch-
TimeDomainAllocationLi
stForMultiPUSCH-17
No No No No Default A
Yes No No No pusch-
TimeDomainAllocationLi
st provided in pusch-
ConfigCommon
No/Yes Yes No No pusch-
TimeDomainAllocationLi
st provided in pusch-
Config
No/Yes No Yes - pusch-
TimeDomainAllocationLi
stDCI-0-1 provided in
pusch-Config
No/Yes No/Yes - Yes pusch-

TimeDomainAllocationLi
st-ForMultiPUSCH or
pusch-
TimeDomainAllocationLi
stForMultiPUSCH -17
provided in pusch-Config

Table 6.1.2.1.1-1B: Applicable PUSCH time domain resource allocation for DCI format 0_2 in UE
specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI

pusch-ConfigCommon pusch-Config includes pusch-Config includes PUSCH time domain
includes pusch- pusch- pusch- resource allocation to
TimeDomainAllocationL | TimeDomainAllocationL | TimeDomainAllocationListD apply
ist ist CI-0-2
No No No Default A
Yes No No pusch-
TimeDomainAllocationList
provided in pusch-
ConfigCommon
No/Yes Yes No pusch-
TimeDomainAllocationList
provided in pusch-Config
No/Yes No Yes pusch-
TimeDomainAllocationListD
CI-0-2 provided in pusch-
Config
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Row index PUSCH K2 S L
mapping type
1 Type A i 0 14
2 Type A i 0 12
3 Type A j 0 10
4 Type B j 2 10
5 Type B i 4 10
6 Type B i 4 8
7 Type B j 4 6
8 Type A j+1 0 14
9 Type A j+1 0 12
10 Type A j*+1 0 10
11 Type A j*+2 0 14
12 Type A j+2 0 12
13 Type A j+2 0 10
14 Type B j 8 6
15 Type A j*+3 0 14
16 Type A j*+3 0 10

Table 6.1.2.1.1-3: Default PUSCH time domain resource allocation A for extended CP

Row index PUSCH K2 S L
mapping type
1 Type A j 0 8
2 Type A j 0 12
3 Type A i 0 10
4 Type B i 2 10
5 Type B j 4 4
6 Type B j 4 8
7 Type B i 4 6
8 Type A j+1 0 8
9 Type A j*+1 0 12
10 Type A j+1 0 10
11 Type A j+2 0 6
12 Type A j*+2 0 12
13 Type A j*+2 0 10
14 Type B i 8 4
15 Type A j+3 0 8
16 Type A j+3 0 10

Table 6.1.2.1.1-4: Definition of value |

HUPuscH

WIN [P

W IN|F O

N[
(YN

Table 6.1.2.1.1-5: Definition of value 4

UPUSCH A
0 2
1 3
2 4
3 6
5 24
6 48
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6.1.2.2 Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the
detected PDCCH DCI except for a PUSCH transmission scheduled by a RAR UL grant or fallbackRAR UL grant, in
which case the frequency domain resource allocation is determined according to clause 8.3 of [6, 38.213] or a MsgA

PUSCH transmission with frequency domain resource allocation determined according to clause 8.1A of [6, 38.213].
Three uplink resource allocation schemes type O, type 1 and type 2 are supported. Uplink resource allocation scheme
type 0 is supported for PUSCH only when transform precoding is disabled. Uplink resource allocation scheme type 1
and type 2 are supported for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI is configured to indicate the uplink resource allocation type as part of the 'Frequency domain
resource’ assignment field by setting a higher layer parameter resourceAllocation in pusch-Config to 'dynamicSwitch',
for DCI format 0_1 or setting a higher layer parameter resourceAllocationDCI-0-2 in pusch-Config to 'dynamicSwitch'
for DCI format 0_2, the UE shall use uplink resource alocation type O or type 1 as defined by this DCI field. Otherwise
the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter
resourceAllocation for DCI format O_1 or the higher layer parameter resourceAllocationDCI-0-2 for DCI format 0_2.
The UE shall assume that when the scheduling PDCCH is received with DCI format O_1 and uselnterlacePUCCH-
PUSCH in BWP-UplinkDedicated is configured, uplink type 2 resource allocation is used.

The UE shall assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource
allocation type 1 is used, except when any of the higher layer parameters usel nterlacePUCCH-PUSCH in BWP-
UplinkCommon and usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured in which case uplink
resource allocation type 2 is used.

The UE expectsthat either none or both of uselnterlacePUCCH-PUSCH in BWP-UplinkCommon and
uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured.

If a bandwidth part indicator field is not configured in the scheduling DCI or the UE does not support active bandwidth
part change via DCI, the RB indexing for uplink type O, type 1 and type 2 resource allocation is determined within the
UE's active bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI and the UE supports
active bandwidh part change via DCI, the RB indexing for uplink type O, type 1, type 2 resource allocation is
determined within the UE's bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall
upon detection of PDCCH intended for the UE determine first the uplink bandwidth part and then the resource
allocation within the bandwidth part. RB numbering starts from the lowest RB in the determined uplink bandwidth part.

6.1.2.2.1 Uplink resource allocation type 0

In uplink resource alocation of type 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Sze configured in pusch-Config and the size of the bandwidth
part as defined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73 —144 8 16
145 - 275 16 16

The total number of RBGs ( NRBG) for auplink bandwidth part i of size Ng\f\/ep,PRBs isgiven by
_ sz Sart
N =| (Na7e, +( N, modP)) /P | where

- thesizeof thefirst RBG is RBG *=P—Ngivs modP,

start size

- thesizeof thelast RBG is RBC%;G=(NBWH +Nawr )mOdDif (Ng\?\% +N§\7\?H )m0d3> Oand P otherwise.
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- thesizeof all other RBGisP.

The bitmap is of size Ngggbits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be
indexed in the order of increasing frequency of the bandwidth part and starting at the lowest frequency. The order of

RBG bitmap is such that RBG 0to RBG Nggg —1 are mapped from MSB to LSB of the bitmap. The RBG is allocated
to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

In frequency range 1, only 'almost contiguous allocation' defined in [8, TS 38.101-1] is allowed as non-contiguous allocation per
component carrier for UL RB allocation for CP-OFDM.

In frequency range 2, non-contiguous allocation per component carrier for UL RB allocation for CP-OFDM is not supported.

6.1.2.2.2 Uplink resource allocation type 1

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of

contiguously allocated non-interleaved virtual resource blocks within the active bandwidth part of size N;'\f\,ep PRBs
except for the case when DCI format 0_0 is decoded in any common search space in which case the size of the initial

UL bandwidth part Nieo shall be used.

An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,, ) and alength in terms of contiguously allocated resource blocks L g, . The resource

indication value is defined by

f (Leos—D =[N3 /2] then
RIV = Né\i’}p (Lres —1) + RB gat
else

RV = Ngb (N&p —Lees +1) + (Ngip —1- RB gz )

where L g, > 1 and shall not exceed Ngyyp— RBy..

When the DCI size for DCI format 0_0 in USSis derived from theinitial UL BWP with size N put applied to

BWP
another active BWP with size of N 2tve | an uplink type 1 resource block assignment field consists of aresource

BWP
indication value (RIV) corresponding to a starting resource block RB,, = 0,K,2-K,...,(Nmia _1).K and alengthin

terms of virtually contiguously allocated resource blocks L., = K,2-K,..., N . K .

The resource indication value is defined by
if (L'e—D) <| Ngai /2| then
RIV = NIB’U\}‘P‘D“ (L IRBS_:I') + RB 'slart

else

RIV = Npw (N2 — L' +1) + (N —1- RB'

BWP start )

whereL ', = L, /K, RB',, = RB,,/K and where L', shall not exceed N;\*' — RB'

start RBs BWP start "

If NZie > Nl K is the maximum value from set {1, 2, 4, 8} which satisfies K <| Ngw® / Ny’ | ; otherwise K = 1.
When the scheduling grant is received with DCI format 0_2, an uplink type 1 resource allocation field consists of a
resource indication value (RIV) corresponding to a starting resource block group RBGg«art=0, 1, ..., Nree-1 and alength

in terms of virtually contiguously allocated resource block groups Lress=1, ..., Nras, where the resource block groups
are defined asin 6.1.2.2.1 with P defined by resourceAllocationTypelGranularityDCI-0-2 if the UE is configured with
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higher layer parameter resourceAllocationTypelGranularityDCI-0-2, and P=1 otherwise. The resource indication value
is defined by

if (LRBGs_l)SLNRBGIZJ then

RIV = Npge (Lrses —1) + RBG

start
else

RIV = Nggg (Ngsg — Lregs +1) + (Nggg —1— RBGgyry )

where Ly > 1 and shall not exceed Ngg — RBG

start *

6.1.2.2.3 Uplink resource allocation type 2

In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to
aUE aset of up to M interlace indices, and for DCI 0_0 monitored in a UE-specific search space and DCI 0_1 a set of
upto NE§. L contiguous RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211].
Within the active UL BWP, the assigned physical resource block n is mapped to virtual resource block n. For DCI 0_0
monitored in a UE-specific search space and DCI 0_1, the UE shall determine the resource allocation in frequency
domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets
and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. For DCI 0_0 monitoredin a
common search space, the UE shall determine the resource allocation in frequency domain as an intersection of the
resource blocks of the indicated interlaces and a single uplink RB set of the active UL BWP. For DCI 0_0 monitored in
a CSS with CRC scrambled by an RNTI other than TC-RNTI, the uplink RB set is the lowest indexed one amongst
uplink RB set(s) that intersects the lowest-indexed CCE of the PDCCH in which the UE detectsthe DCI 0_0 in the
active downlink BWP. When the PDCCH reception includes two PDCCH candidates from two respective search space
sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the uplink RB set of a PUSCH when
scheduled by DCI O_0 monitored in a CSS with CRC scrambled by an RNTI other than TC-RNTI, the CORESET with
lower 1D among two CORESET s associated with two PDCCH candidates is used. If there is no intersection, the uplink
RB set isRB set 0 in the active uplink BWP. For DCI 0_0 with CRC scrambled by TC-RNTI, the uplink RB set isthe
same one in which the UE transmits the PRACH associated with the RAR UL grant, in which case the UE assumes that
the uplink RB set is defined as when the UE is not configured with intraCell GuardBandsUL-List (see Clause 7).

For u=0, the X=6 M SBs of the resource block assignment information indicates to a UE a set of allocated interlace
indices m, + [, where the indication consists of aresource indication value (RIV). For 0 < RIV < M(M + 1)/2,1 =
0,1,:- L — 1 the resource indication val ue corresponds to the starting interlace index mp and the number of contiguous

interlace indices L( L=1). The resource indication value is defined by:
if (L— 1) < |M/2] then
RIV = M(L — 1) + mq
else
RIV=MM—-L+1)+M—1-my)

For RIV = M(M + 1)/2 , the resource indication value corresponds to the starting interlace index mp and the set of
values | accordingto Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: mo and | for RIV > M(M + 1)/2.

RIV —M(M + 1)/2 Mo I
0 0 {0, 5}
1 0 {0, 1, 5, 6}
2 1 {0, 5}
3 1 {0,1,2,3,5,6,7,8}
4 2 {0, 5}
5 2 {0,1,2,5,6,7}
6 3 {0, 5}
7 4 {0, 5}
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For p=1, the X=5 M SBs of the resource block assignment information comprise a bitmap indicating the interlaces that
are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace
is addressable, where M and interlace indexing is defined in Clause 4.4.4.6 in [4, TS 38.211]. The order of interlace
bitmap is such that interlace O to interlace M — 1 are mapped from MSB to LSB of the bitmap. Aninterlace is allocated
to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.

For DCI 0_0 monitored in a UE-specific search space and DC 0_1 for both u=0 and p=1, theY =

BWP BWP
[logz NRB'S“’UL(ZRB'S“'UL+1)] LSBs of the resource block assignment information indicate to a UE a set of contiguously

allocated RB sets for PUSCH scheduled by DCI 0_0 monitored in a UE-specific search space, DCI 0_1 and Type 1 and
Type 2 configured grant. The resource allocation field consists of aresource indication value (RIVgg_get)- FOr 0 <
RIVp_set < Ngposet uL(NggseruL + 1)/2, 1= 0,1, Lgpser — 1 the resource indication value corresponds to the
starting RB set index Ng5'.. y. and the number of contiguous RB sets Lgg_set - The resource indication value is defined

by;

if (Lrp—set — 1) < | Ng5veer yr/2| then

RIVgg_set = Nrposetur (LRB-set = 1) + NRfrseut
else
RIVRg_set = NrposetuL (VRB-set,uL, — LRB-set + 1) + (Nrgosetur, — 1 = NRgrserut
where N3glteur = 0,1, NRgoser,ur. — 1, Lrp—set = 1 and shall not exceed Ngg'ser ur. — Nifeetul

If transform precoding is enabled according to the procedure in Clause 6.1.3, then the UE transmits PUSCH on the
lowest-indexed MESSCH PRBs amongst the PRBs indicated by the frequency domain resource assignment information.
MEUSCH isthe largest integer not greater than the number of RBsindicated by the frequency domain resource
assignment information that fulfils the conditionsin Clause 6.3.1.4 of [4, TS 38.211].

6.1.2.3 Resource allocation for uplink transmission with configured grant

When PUSCH resource alocation is semi-statically configured by higher layer parameter configuredGrantConfig in
BWP-UplinkDedicated information element, and the PUSCH transmission corresponding to a configured grant, the
following higher layer parameters are applied in the transmission:

- For Type 1 PUSCH transmissions with a configured grant, the following parameters are givenin
configuredGrantConfig unless mentioned otherwise:

- For the determination of the PUSCH repetition type, if the higher layer parameter pusch-RepTypelndicator in
rrc-ConfiguredUplinkGrant is configured and set to 'pusch-RepTypeB', PUSCH repetition type B is applied;
otherwise, PUSCH repetition type A is applied;

- For PUSCH repetition type A, the selection of the time domain resource allocation table follows the rules for
DCI format O_0 on UE specific search space, as defined in Clause 6.1.2.1.1.

- For PUSCH repetition type B, the selection of the time domain resource alocation table is as follows:

- If pusch-RepTypel ndicatorDCI-0-1 in pusch-Config is configured and set to 'pusch-RepTypeB', pusch-
TimeDomainAllocationListDCI-0-1 in pusch-Config is used;

- Otherwise, pusch-TimeDomainAllocationListDCI-0-2 in pusch-Config is used.

- Itisnot expected that pusch-RepTypelndicator in rrc-ConfiguredUplinkGrant is configured with *pusch-
RepTypeB' when none of pusch-RepTypelndicatorDCI-0-1 and pusch-RepTypelndicatorDCI-0-2 in
pusch-Config is set to 'pusch-RepTypeB'.

- The higher layer parameter timeDomainAllocation value m provides arow index m+1 pointing to the
determined time domain resource allocation table, where the start symbol and length are determined
following the procedure defined in Clause 6.1.2.1;

- Frequency domain resource allocation is determined by the N LSB bitsin the higher layer parameter
frequencyDomainAllocation, forming a bit sequence f;, .., f1, fo, Where f,, isthe LSB, according to the
procedure in Clause 6.1.2.2 and N is determined as the size of frequency domain resource assignment field in
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DCI format 0_1 for a given resource alocation type indicated by resourceAllocation, except if

usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated is configured, in which case uplink type 2 resource
alocation is used wherein the UE interprets the LSB bits in the higher layer parameter
frequencyDomainAllocation as for the frequency domain resource assignment field of DCI 0_1 according to
the procedure in Clause 6.1.2.2.3;

- Thelmcsisprovided by higher layer parameter mcsAndTBS,

- Number of DM-RS CDM groups, DM-RS ports, SRS resource indication and DM-RS sequence initialization
are determined asin Clause 7.3.1.1.2 of [5, TS 38.212], and the antenna port value, the bit value for DM-RS
sequence initialization, precoding information and number of layers, SRS resource indicator are provided by
antennaPort, dmrs-Seqlnitialization, precodingAndNumber OfLayers, and srs-Resourcel ndicator
respectively; When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2, precoding information and number of layers (applicable when higher
layer parameter usage in SRS-ResourceSet set to ‘codebook’) associated with the first and second SRS
resource set is provided by precodingAndNumber OfLayers and precodingAndNumber OfLayers2,
respectively, and SRS resource indicators associated with the first and second SRS resource sets are provided
by srs-Resourcel ndicator and srs-Resour cel ndicator2, respectively. When both srs-
ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 are configured with two SRS
resource sets, the two SRS resource sets configured by srs-ResourceSetToAddModList is used to determine
the SRS resource indications by srs-Resourcelndicator and srs-Resourcel ndicator 2.

- If two SRS resource sets with usage set to ‘codebook’ or 'noncodebook’ are configured in srs-
ResourceSetToAddModList, the two SRS resource sets are used to determine the SRS resource indications
by srs-Resourcelndicator and srs-Resourcel ndicator 2.

- otherwise, the two SRS resource sets with usage set to ‘codebook’ or ‘'noncodebook’ configured in srs-
ResourceSetToAddModListDCI-0-2 are used to determine the SRS resource indications by srs-
Resourcelndicator and srs-Resourcelndicator2.

- When frequency hopping is enabled, the frequency offset between two frequency hops can be configured by
higher layer parameter frequencyHoppingOffset.

- For Type 2 PUSCH transmissions with a configured grant: the resource allocation follows the higher layer
configuration according to [10, TS 38.321], and UL grant received on the DCI.

- The PUSCH repetition type and the time domain resource all ocation table are determined by the PUSCH
repetition type and the time domain resource allocation table associated with the UL grant received on the
DCI, respectively, as defined in Clause 6.1.2.1. The value of Kits, if configured, is applied when
determining the first transmission opportunity.

For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitionsK to be
applied to the transmitted transport block is provided by the indexed row in the time domain resource alocation table if
number OfRepetitionsis present in the table; otherwise K is provided by the higher layer configured parameters repK.

For PUSCH transmissions with a Type 2 configured grant, when two SRS resource sets are configured in srs-
ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, the SRS resource set association to (nominal)
repetitions follows MappingPattern in ConfiguredGrantConfig as defined in Clause 6.1.2.1 for PUSCH scheduled by
DCI format 0_1 and 0_2. For PUSCH transmissions with a Type 1 configured grant, when two SRS resource sets with
usage set to 'codebook’ or 'noncodebook’ are configured in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2, if two SRS resource indicators and two precoding information are provided, the
SRS resource set association to (nominal) repetitionsis determined as follows. When K = 2, the first and second SRS
resource sets are applied to the first and second (nominal) repetitions, respectively.

- When K > 2 and cyclicMapping in ConfiguredGrantConfig is enabled, the first and second SRS resource sets are
applied to the first and second (nominal) repetitions, respectively, and the same SRS resource set mapping
pattern continues to the remaining (nominal) repetitions.

- When K > 2 and sequentialMapping in ConfiguredGrantConfig is enabled, first SRS resource set is applied to
the first and second (hominal) repetitions, and the second SRS resource set is applied to the third and fourth
(nominal) repetitions, and the same SRS resource set mapping pattern continues to the remaining (nominal)
repetitions.
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For PUSCH transmissions with a Type 1 configured grant, when two SRS resource sets are configured in srs-
ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, if configuredGrantConfig contains only one
pathlossReferencel ndex, pO-PUSCH-Alpha, power ControlLoopToUse, srs-Resourcel ndicator and
precodingAndNumber OfLayer s (applicable when higher layer parameter usage in SRS-ResourceSet set to 'codebook’),
PUSCH repetitions are associated only with the first SRS resource set.

If the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-
2 with usage set to ‘codebook’ or 'nonCodebook’, and the UE is not provided pO-PUSCH-Alpha2 and

power Control LoopToUse2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes an SRS resource set
indicator field, the UE expects the value of the SRS resource set indicator field to be set to '00', and PUSCH repetitions
are associated only with the first SRS resource set.

The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not
deliver atransport block to transmit on the resources allocated for uplink transmission without grant.

A set of alowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSots, provides the
number of consecutive dots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-
InSot provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows
the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration
according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining
PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous
allocations without any gaps. The same combination of start symbol and length and PUSCH mapping type repeats over
the consecutively allocated slots.

For operation with shared spectrum channel access, and when the higher layer parameter ue-

Semi SaticChannel AccessConfig is not configured, where a UE is performing uplink transmission with configured
grants in contiguous OFDM symbols on al resource blocks of an RB set, for the first such UL transmission the UE
determines a duration of acyclic prefix extension Tex to be applied for transmission according to [4, TS 38.211] where
theindex for A; [4, TS 38.211] is chosen randomly from a set of values configured by higher layers according to the
following rule:

- If thefirst such UL transmission is within a channel occupancy initiated by the gNB (defined in Clause 4 of [16,
TS 37.213)), the set of valuesis determined by cg-StartingFul|BW-1nsideCOT;

- otherwise, the set of valuesis determined by cg-StartingFul| BW-OutsideCOT.

For operation with shared spectrum channel access, and when the higher layer parameter ue-

Semi StaticChannel AccessConfig is not configured, where a UE is performing uplink transmission with configured
grantsin contiguous OFDM symbols on fewer than all resource blocks of an RB set, for the first such UL transmission
the UE determines a duration of a cyclic prefix extension Tex to be applied for transmission according to [4, TS 38.211]
according to the following rule:

- If thefirst such UL transmission iswithin a channel occupancy initiated by the gNB (defined in Clause 4 of [16,
TS 37.213)), theindex for A; [4, TS 38.211] isequal to cg-SartingPartialBW-InsideCOT;

- otherwise, theindex for A; [4, TS 38.211] isequa to cg-SartingPartial BW-OutsideCOT.

6.1.2.3.1 Transport Block repetition for uplink transmissions of PUSCH repetition Type A
with a configured grant

The procedures described in this clause apply to PUSCH transmissions of PUSCH repetition Type A withaType 1 or
Type 2 configured grant.

The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If cg-
RetransmissionTimer is provided, the redundancy version for uplink transmission with a configured grant is determined
by the UE. If the parameter repK-RV is not provided in the configuredGrantConfig and cg-RetransmissionTimer is not
provided, the redundancy version for uplink transmissions with a configured grant shall be set to O. If the parameter
repK-RV is provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, for the nth
transmission occasion among K repetitions, n=1, 2, ..., K, it is associated with (mod((n-mod(n, N))/N,4)+ 1) value in
the configured RV sequence, where N=1. If a configured grant configuration is configured with startingFromRVO set to
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'off', theinitial transmission of atransport block may only start at the first transmission occasion of the K repetitions.
Otherwise, theinitia transmission of atransport block may start at

- thefirst transmission occasion of the K repetitionsif the configured RV sequenceis{0,2,3,1},

- any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV
sequenceis{0,3,0,3},

- any of the transmission occasions of the K repetitions if the configured RV sequence is{0,0,0,0}, except the last
transmission occasion when K>8.

When the transmission occasions are associated with the first and second SRS resource sets, if the parameter repK-RV is
provided in the configuredGrantConfig, for the nth transmission occasion among all transmission occasions that are
associated with the SRS resource set of the first transmission occasion, it is associated with (mod(n-1,4)+ 1) value in
the configured RV seguence, and for the nth transmission occasion among all transmission occasions that are not
associated with the SRS resource set of the first transmission occasion, it is associated with (mod(n-1,4)+1)"" value in
the adjusted RV sequence and the adjustment is based on additional shifting operation on the configured RV sequence,
where the shifting operation is defined as (rv; + rv,)mod 4 where rv; isthei™ RV vaue (i=1, 2, 3, 4) inthe
configured RV sequence and rv; is configured by the higher layer parameter sequenceOffsetforRV in
configuredGrantConfig. When the transmission occasions are associated with the first and second SRS resource sets, if
aconfigured grant configuration is configured with startingFromRVO set to 'off', the initial transmission of a transport
block may only start at the first transmission occasion of the K repetitions. Otherwise, the initia transmission of a
transport block may start at

- thefirst transmission occasion associated with RV = 0 corresponding to the first or second SRS resource set of
the K repetitionsif the configured RV sequenceis{0,2,3,1},

- any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV
sequenceis{0,3,0,3},

- any of the transmission occasions of the K repetitionsif the configured RV sequence is{0,0,0,0}, except the | ast
transmission occasion when K>8.

After the initial transmission of atransport block, later transmission occasions among the K repetitions associated with
any RV value and associated to any of the first or second SRS resource set can be used for transmitting the transport
block.

For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission
occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a
PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In
addition, the UE shall terminate the repetition of atransport block in a PUSCH transmission if the UE receives a DCI
format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process
corresponding to that transport block.

The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time
duration derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols
available for the PUSCH transmission in aslot is smaller than transmission duration L, the UE does not transmit the
PUSCH in the transmission occasion.

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1,
- For unpaired spectrum:

- If AvailableSotCounting is enabled, the UE shall repeat the TB acrossthe N - K dots determined for the
PUSCH transmission applying the same symbol allocation in each dot.

- A dotisnot counted in the number of N - K dotsif at least one of the symbols indicated by the indexed
row of the used resource allocation table in the slot overlaps with aDL symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SSYPBCH
block with index provided by ssh-PositionsinBurst.

- Otherwise, the UE shall repeat the TB acrossthe N - K consecutive slots applying the same symbol allocation
in each slot, except if the UE is provided with higher layer parameters cg-nrofSots and cg-nrofPUSCH-
InSot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates
within the same configuration.
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- For paired spectrum and SUL band:

- The UE shall repeat the TB acrossthe N - K consecutive slots applying the same symbol alocation in each
dot, except if the UE is provided with higher layer parameters cg-nrofSots and cg-nrofPUSCH-InSot, in
which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within
the same configuration.

- If AvailableSotCounting is enabled, and in case of reduced capability half-duplex UE, the UE shall repeat
the TB acrossthe N - K dots applying the same symbol allocation in each slot. A slot isnot counted in the
number of N - K dotsif at least one of the symbolsindicated by the indexed row of the used resource
alocation table in the dot overlaps with or a symbol of an SSYPBCH block with index provided by ssh-
PositionsinBurst.

A Type 1 or Type 2 PUSCH transmission with a configured grant in a ot is omitted according to the conditionsin
Clause 9, Clause 11.1, Clause 11.2A and Clause 17.2 of [6, TS 38.213].

6.1.2.3.2 Transport Block repetition for uplink transmissions of PUSCH repetition Type B
with a configured grant

The procedures described in this Clause apply to PUSCH transmissions of PUSCH repetition type B with a Type 1 or
Type 2 configured grant.

For PUSCH transmissions with a Type 1 or Type 2 configured grant, the nominal repetitions and the actual repetitions
are determined according to the procedures for PUSCH repetition Type B defined in Clause 6.1.2.1. The higher layer
configured parameters repK-RV defines the redundancy version pattern to be applied to the repetitions. If the parameter
repK-RV is not provided in the configuredGrantConfig, the redundancy version for each actual repetition with a
configured grant shall be set to 0. Otherwise, for the nth transmission occasion among all the actual repetitions
(including the actual repetitions that are omitted) of the K nominal repetitions, it is associated with (mod((n-mod(n,
N))/N,4)+ 1) value in the configured RV sequence, where N = 1. If a configured grant configuration is configured with
startingFromRVO0 set to 'off’, the initial transmission of atransport block may only start at the first transmission
occasion of the actual repetitions. Otherwise, theinitial transmission of atransport block may start at

- thefirst transmission occasion of the actual repetitionsif the configured RV sequenceis{0,2,3,1},

- any of the transmission occasions of the actual repetitions that are associated with RV=0 if the configured RV
sequenceis{0,3,0,3},

- any of the transmission occasions of the actual repetitions if the configured RV sequenceis{0,0,0,0}, except the
actual repetitions within the last nominal repetition when K>8.

When the transmission occasions are associated with the first and second SRS resource sets, if the parameter repK-RV is
provided in the configuredGrantConfig, for the nth transmission occasion among all actual repetitions (including the
actual repetitions that are omitted) that are associated with the SRS resource set of the first transmission occasion, it is
associated with (mod(n-1,4)+ 1) value in the configured RV sequence, and for the nth transmission occasion among all
actual repetitions that are not associated with the SRS resource set of the first transmission occasion, it is associated
with (mod(n-1,4)+ 1) value in the adjusted RV sequence and the adjustment is based on additional shifting operation
on the configured RV sequence, where the shifting operation is defined as (rv; + rv,)mod 4 where rv; isthei" RV
value (i=1, 2, 3, 4) in the configured RV sequence and rv; is configured by the higher layer parameter
sequenceOffsetforRV in configuredGrantConfig. When the transmission occasions are associated with the first and
second SRS resource sets, if a configured grant configuration is configured with startingFromRVO set to 'off', the initial
transmission of atransport block may only start at the first transmission occasion of the K repetitions. Otherwise, the
initial transmission of atransport block may start at

- thefirst transmission occasion associated with RV = 0 corresponding to the first or second SRS resource set of
the K repetitionsif the configured RV sequenceis{0,2,3,1},

- any of the transmission occasions of the K repetitions that are associated with RV =0 if the configured RV
sequenceis{0,3,0,3},

- any of the transmission occasions of the K repetitions if the configured RV sequence is{0,0,0,0}, except the last
transmission occasion when K>8.
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After theinitial transmission of atransport block, later transmission occasions among the K repetitions associated with
any RV value and associated to any of the first or second SRS resource set can be used for transmitting the transport
block.

For any RV sequence, the repetitions shall be terminated after transmitting K nominal repetitions, or at the last
transmission occasion among the K nominal repetitions within the period P, or from the starting symbol of an actual
repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0,0_1or 0_2,
whichever isreached first. The UE is not expected to be configured with the time duration for the transmission of K
nominal repetitions larger than the time duration derived by the periodicity P.

6.1.2.3.3 Transport Block repetition for uplink transmissions of TB processing over multiple
slots with a configured grant

The procedures described in this clause apply to PUSCH transmissions of TB processing over multiple slots with a
Type 2 configured grant.

The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If the
parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for uplink transmissions with
aconfigured grant shall be set to 0. If the parameter repK-RV is provided in the configuredGrantConfig, the nth
transmission occasion among N - K transmissions occasions, n=0,1, ..., N - K -1, is associated with (mod((n-mod(n,
N))/N,4)+ 1) value in the configured RV sequence. When K=1, or when K>1 and the configured grant configuration is
configured with startingFromRV 0 set to 'off', theinitial transmission of the transport block may only start at the first
transmission ocasion of the N - K transmission occasions. Otherwise, the initial transmission of the transport block may
Start at

- Thefirst transmission occasion of the N - K transmission occasionsif the configured RV sequenceis{0,2,3,1}.

- Any transmission occasion n associated with RV=0, and for which n mod N =0, if the configured RV sequence
is{0,3,0,3} or {0,0,0,0}.

The UE is not expected to be configured with the time duration for N - K transmissions larger than the time duration
derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols availablein
adlot for the PUSCH transmission of TB processing over multiple slotsis smaller than transmission duration L, the UE
does not transmit the PUSCH in the transmission occasion.

For unpaired spectrum:

- TheUE determines N - K dlotsfor a PUSCH transmission of TB processing over multiple slots with a Type 2
configured grant activated by DCI format O_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-
ConfigurationDedicated and ssb-PositionslnBurst, and the TDRA information field value in the DCI format 0_1
or0 2.

- A dotisnot counted in the number of N - K slots for aPUSCH transmission of TB processing over multiple
dlots with a Type 2 configured grant activated by DCI format 0_1 or O_2 if at least one of the symbols
indicated by the indexed row of the used resource alocation table in the slot overlaps with a DL symbol
indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a
symbol of an SS/PBCH block with index provided by ssh-PositionsinBurst.

For paired spectrum and SUL band:

- The UE determines N - K consecutive slots for a PUSCH transmission of TB processing over multiple slots with
aType 2 configured grant activated by DCI format 0_1 or O_2, based on the TDRA information field value in
the DCI format O_1 or 0_2.

- For the case of areduced capability half-duplex UE, the UE determines N - K dlots for a PUSCH transmission of
TB processing over multiple slots with a Type 2 configured grant activated by DCI format 0_1 or 0_2, based on
the TDRA information field value in the DCI format 0_1 or 0_2. A slot is not counted in the number of N - K
dotsif at least one of the symbolsindicated by the indexed row of the used resource allocation table in the slot
overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionsinBurst.

For Type 2 PUSCH transmission with a configured grant of TB processing over multiple slots, the UE shall transmit the
TB acrossthe N - K dots determined for the PUSCH transmission applying the same symbol allocation in each dot. A
Type 2 PUSCH transmission with a configured grant of TB processing over multiple slotsis omitted in a slot according
to the conditionsin clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
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6.1.3 UE procedure for applying transform precoding on PUSCH

For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by fallbackRAR UL grant, or for a PUSCH
scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE shall consider the transform precoding either
‘enabled’ or 'disabled' according to the higher layer configured parameter msg3-transformPrecoder.

For aMsgA PUSCH, the UE shall consider the transform precoding either 'enabled’ or 'disabled' according to the higher
layer configured parameter msgA-TransformPrecoder. If higher layer parameter msgA-TransformPrecoder is not
configured, the UE shall consider the transform precoding either 'enabled’ or 'disabled' according to the higher layer
configured parameter msg3-transformPrecoder.

For PUSCH transmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, C-RNTI, or MCS-C-
RNTI or SP-CSI-RNTI:

- If the DCI with the scheduling grant was received with DCI format 0_0, the UE shall, for this PUSCH
transmission, consider the transform precoding either enabled or disabled according to the higher layer
configured parameter msg3-transformPrecoder.

- If the DCI with the scheduling grant was not received with DCI format 0_0

- If the UE is configured with the higher layer parameter transformPrecoder in pusch-Config, the UE shall, for
this PUSCH transmission, consider the transform precoding either enabled or disabled according to this
parameter.

- If the UE is not configured with the higher layer parameter transformPrecoder in pusch-Config, the UE shall,
for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the
higher layer configured parameter msg3-transformPrecoder.

For PUSCH transmission with a configured grant

- If the UE is configured with the higher layer parameter transformPrecoder in configuredGrantConfig, the UE
shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this
parameter.

- If the UE isnot configured with the higher layer parameter transformPrecoder in configuredGrantConfig, the
UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to
the higher layer configured parameter msg3-transformPrecoder.

6.1.4 Modulation order, redundancy version and transport block size
determination

To determine the modulation order, target code rate, redundancy version and transport block size for the physical uplink
shared channel, the UE shall first
- read the 5-bit modulation and coding scheme field (1 ,cs) in the DCI scheduling PUSCH or provided in a DCI

activating a configured grant Type 2 PUSCH, or as provided by mcsAndTBS as described in Clause 6.1.2.3 for a
configured grant Type 1 PUSCH to determine the modulation order (O,,) and target code rate (R) based on the

procedure defined in Clause 6.1.4.1

- read redundancy version field (rv) in the DCI to determine the redundancy version for PUSCH scheduled by
DCI, or determine the redundancy version according to Clause 6.1.2.3.1 for configured grant Type 1 and Type 2
PUSCH,

and second

- usethe number of layers (v), the total number of allocated PRBS (npgg ) to determine the transport block size
based on the procedure defined in Clause 6.1.4.2.

When the UE is scheduled with multiple PUSCHs by a DCI, as described in clause 6.1.2.1, the bits of rv field and NDI
field, respectively, in the DCI are one to one mapped to the scheduled PUSCH(s) indicated by the TDRA information
field with the corresponding transport block(s) in the scheduled order where the LSB bits of the rv field and NDI field,
respectively, correspond to the last scheduled PUSCH indicated by the TDRA information field.
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Within acell group, a UE is not required to handle PUSCH(s) transmissionsin slot 5 in serving cell-j, and for j = 0,1,2..
J-1, dot 5 overlapping with any given point in time, if the following condition is not satisfied at that point in time:

21—1 M=V im
j=0 u(j)
Tslot

< DataRate,

where
- Jisthe number of configured serving cells belong to a frequency range
- for thej-th serving cell,

- Misthe number of TB(s) transmitted in slot-s. For PUSCH repetition Type B, each actual repetition is
counted separately.

- Teo® =10%240), where 1(j) is the numerology for PUSCH(s) in slot 5 of the j-th serving cell.
- forthemthTB,V;,, = C"- EJ

- Aisthe number of bitsin the transport block as defined in Clause 6.2.1 [5, TS 38.212]
- Cisthetotal number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].

- ('isthe number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1
[5,38.212]

- DataRate [Mbps] is computed as the maximum data rate summed over all the carriersin the frequency range
for any signaled band combination and feature set consistent with the configured servings cells, where the data
rate value is given by the formulain Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).

For aj-th serving cell, if higher layer parameter processingType2Enabled of PUSCH-ServingCellConfig is configured
for the serving cell and set to 'enabl€, or if at least one Imcs > W for a PUSCH, where W= 28 for MCStables 5.1.3.1-1
and 5.1.3.1-3, and W= 27 for MCStables5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, or if it isan actual repetition for PUSCH
repetition Type B, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:

M-17/.
m=0"jm

i < DataRateCC
LXT!
where
- L isthe number of symbols assigned to the PUSCH

- Misthe number of TB in the PUSCH

-3

- Th= zulzx(/)m where 1 is the numerology of the PUSCH

- forthemthTB,V;,, = C"- EJ
- Aisthe number of bitsin the transport block as defined in Clause 6.2.1 [5, TS 38.212]
- Cisthetotal number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
- C'"isthe number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212]

- DataRateCC [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving
cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value
is given by the formulain Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i)

- each actual repetition for PUSCH repetition type B is treated as one PUSCH.

6.1.4.1 Modulation order and target code rate determination
For a PUSCH scheduled by RAR UL grant or
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for a PUSCH scheduled by afallbackRAR UL grant or

for aMsgA PUSCH transmission, or

for aPUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or

for aPUSCH scheduled by a DCI format O_1 or DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-
RNTI, SP-CSI-RNTI, or

for a PUSCH with configured grant using CS-RNTI, and

if transform precoding is disabled for this PUSCH transmission according to Clause 6.1.3

if mcs-TableDCI-0-2 in pusch-Config is set to 'gam256', and PUSCH is scheduled by a PDCCH with DCI format
0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel;

elseif the UE is not configured with MCS-C-RNTI, mcs-TableDCI-0-2 in pusch-Config is set to '‘qam64LowSE!,
and the PUSCH is scheduled by a PDCCH by a PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI
or SP-CSI-RNTI,

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif mes-Table in pusch-Config is set to ‘gam256', and PUSCH is scheduled by a PDCCH with DCI format 0_1
with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif the UE is not configured with MCS-C-RNTI, mcs-Table in pusch-Config is set to ‘gam64LowSE', and the
PUSCH is scheduled by a PDCCH with a DCI format other than DCI format 0_2 in a UE-specific search space
with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif the UE is configured with MCS-C-RNTI, and the PUSCH is scheduled by a PDCCH with CRC scrambled
by MCS-C-RNTI,

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif mes-Tablein configuredGrantConfig is set to ‘gam256',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif mes-Table in configuredGrantConfig is set to '‘gam64L owSE',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant,

- the UE shall use Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif for aMsgA PUSCH transmission,

- the UE shall use higher layer parameter msgA-MCSfor Iucs and Table 5.1.3.1-1 to determine the Target code
rate (R) used in the physical uplink shared channel.
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- eseif the UE requests repetition of PUSCH scheduled by RAR UL grant [10, TS 38.321], when transmitting
PUSCH scheduled by RAR UL grant,

- the2 LSBsof the MCSinformation field of the RAR UL grant provide a codepoint to determine the MCS
index Iwcs according to Table 6.1.4.1-3, based on whether or not the higher layer parameter mcs-Msg3-
Repetitionsis configured. The UE shall use the determined Iwcs and Table 5.1.3.1-1 to determine the
modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.

- elsaf the UE requests repetition of PUSCH scheduled by RAR UL grant [10, TS 38.321], when transmitting
PUSCH scheduled by DCI format 0_0 with CRC scrambled by the TC-RNTI,

- the 3 LSBsof the MCSinformation field of the DCI format 0_0 with CRC scrambled by the TC-RNTI
provide a codepoint to determine the MCS index Iwcs according to Table 6.1.4.1-4, based on whether or not
the higher layer parameter mcs-Msg3-Repetitionsis configured. The UE shall use the determined Iucs and
Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink
shared channel.

- dse

- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

else

- if mes-TableTransformPrecoderDCI-0-2 in pusch-Config is set to 'gam256', and PUSCH is scheduled by a
PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 5.1.3.1.-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- eseif the UE is not configured with MCS-C-RNTI, mcs-TableTransformPrecoder DCI-0-2 in pusch-Config is set
to ‘qgam64LowSE’, and the PUSCH is scheduled by a PDCCH with DCI format 0_2 with CRC scrambled by C-
RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- elsalf mes-TableTransformPrecoder in pusch-Config is set to ‘qgam256', and PUSCH is scheduled by a PDCCH
with DCI format 0_1 with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 5.1.3.1.-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- eseif the UE is not configured with MCS-C-RNTI, mcs-TableTransformPrecoder in pusch-Config is set to
'‘gam64LowSE', and the PUSCH is scheduled by a PDCCH with a DCI format other than DCI format 0 2 ina
UE-specific search space with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- elsaf the UE is configured with MCS-C-RNTI, and the PUSCH is scheduled by a PDCCH with CRC scrambled
by MCS-C-RNTI,

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- elsaf mes-TableTransformPrecoder in configuredGrantConfig is set to ‘gam256',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant,

- the UE shall use Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- eseif mes-TableTransformPrecoder in configuredGrantConfig is set to 'gam64LowSE!,
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- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant,

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- elsaf foraMsgA PUSCH transmission,

- the UE shall use higher layer parameter MsgA-MCSfor Ivcs and Table 6.1.4.1-1 to determine the Target code
rate (R) used in the physical uplink shared channel.

- the UE shall use g=2 for determining modulation order Qmin Table 6.1.4.1-1.

- elsaf the UE requests repetition of PUSCH scheduled by RAR UL grant [10, TS 38.321], when transmitting
PUSCH scheduled by RAR UL grant,

- the2 LSBsof the MCSinformation field of the RAR UL grant provide a codepoint to determine the MCS
index Iwcs according to Table 6.1.4.1-3, based on whether or not the higher layer parameter mcs-Msg3-
Repetitionsis configured. The UE shall use the determined Iwcs and Table 6.1.4.1-1 to determine the
modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.

- eseif the UE requests repetition of PUSCH scheduled by RAR UL grant [10, TS 38.321], when transmitting
PUSCH scheduled by DCI format 0_0 with CRC scrambled by the TC-RNTI,

- the 3 LSBsof the MCSinformation field of the DCI format 0_0 with CRC scrambled by the TC-RNTI
provide a codepoint to determine the MCS index Iwcs according to Table 6.1.4.1-4, based on whether or not
the higher layer parameter mcs-Msg3-Repetitions is configured. The UE shall use the determined Iucs and
Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink
shared channel.

- dse

- the UE shall use Imcs and Table 6.1.4.1-1to determine the modulation order (Qn) and Target code rate (R)
used in the physical uplink shared channel.

end

For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter tp-pi2BPK is configured, g = 1 otherwise g=2.
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Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM

MCS Index | Modulation Order | Target code Rate R x 1024 Spectral
Imcs Qm efficiency
0 q 240/ q 0.2344
1 q 314/ q 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 466 2.7305
18 6 517 3.0293
19 6 567 3.3223
20 6 616 3.6094
21 6 666 3.9023
22 6 719 4.2129
23 6 772 45234
24 6 822 4.8164
25 6 873 5.1152
26 6 910 5.3320
27 6 948 5.5547
28 q reserved
29 2 reserved
30 4 reserved
31 6 reserved
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Table 6.1.4.1-2: MCS index table 2 for PUSCH with transform precoding and 64QAM

MCS Index | Modulation Order | Target code Rate R x 1024 Spectral
Imcs Qm efficiency
0 q 60/q 0.0586
1 q 80/q 0.0781
2 q 100/q 0.0977
3 q 128/q 0.1250
4 q 156/q 0.1523
5 q 198/q 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 2 679 1.3262
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 4 658 2.5703
22 4 699 2.7305
23 4 772 3.0156
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 772 4.5234
28 q reserved
29 2 reserved
30 4 reserved
31 6 reserved

Table 6.1.4.1-3: MCS index Imcs as a function of 2 LSBs of MCS information field in RAR UL grant

mcs-Msg3-Repetitions is configured mcs-Msg3-Repetitions is not configured
Codepoint Imcs Codepoint Imcs

First value of mcs-Msg3-

00 Repetitions 00 0

Second value of mcs-

01 Msg3-Repetitions 01 1
Third value of mcs-Msg3-

10 Repetitions 10 2
Fourth value of mcs-Msg3-

11 Repetitions 11 3
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Table 6.1.4.1-4: MCS index Imcs as a function of 3 LSBs of MCS information field in DCI format 0_0
with CRC scrambled by the TC-RNTI

mcs-Msg3-Repetitions is configured

mcs-Msg3-Repetitions is not configured

Codepoint Imcs Codepoint Imcs
First value of mcs-Msg3-
000 Repetitions 000 0
Second value of mcs-
001 Msg3-Repetitions 001 1
Third value of mcs-Msg3-
010 Repetitions 010 2
Fourth value of mcs-Msg3-
011 Repetitions 011 s
Fifth value of mcs-Msg3-
100 Repetitions 100 4
Sixth value of mcs-Msg3-
101 Repetitions 101 5
Seventh value of mcs-
110 Msg3-Repetitions 110 6
Eighth value of mcs-Msg3-
111 Repetitions 111 7
6.1.4.2 Transport block size determination

For a PUSCH scheduled by RAR UL grant or

for aPUSCH scheduled by fallbackRAR UL grant or

for aPUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or

for aPUSCH scheduled by a DCI format 0_1 or DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-

RNTI, or

for a PUSCH transmission with configured grant, or

for aMsgA PUSCH transmission,

if

- 0< 1 ycs €27 and transform precoding is disabled and Table 5.1.3.1-2 is used, or

- 0< 1 yes <28 and transform precoding is disabled and a table other than Table 5.1.3.1-2 isused, or

- 0= | yes £27 and transform precoding is enabled, the UE shall first determine the TBS as specified below:

The UE shall first determine the number of REs (Ngre) within the slot:

- A UE first determines the number of REs allocated for PUSCH withinaPRB (N ¢ ) by

' RB p(ch PRB PRB _ L .
- Nre=Ng ™ Ngmp—Npmrs=Non , wheren 28 = 12 isthe number of subcarriersin the frequency domain

in aphysical resource block, Ng,}nb isthe number of symbols L of the PUSCH allocation according to

Clause 6.1.2.1 for scheduled PUSCH or Clause 6.1.2.3 for configured PUSCH, NS isthe number of REs

for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without
data, as described for PUSCH with a configured grant in Clause 6.1.2.3 or asindicated by DCI format 0_1 or

PRB
DCI format O_2 or as described for DCI format 0_0in Clause 6.2.2, and Noh isthe overhead configured

PRB
by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the Noh isnot configured (avalue

PRB PRB
from 6, 12, or 18), the Noh is assumed to be 0. For Msg3 or MsgA PUSCH transmission the Noh is
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always set to 0. In case of PUSCH repetition Type B, NFRE.. is determined assuming a nominal repetition
with the duration of L symbols without segmentation.

- A UE determines the total number of REs allocated for PUSCH (NRE) as follows

- For TB processing over multiple Slots, Nz = N * min(156, Ngg) - nppg Where npgg isthe total number

of allocated PRBs for the UE and N is the number of slots used for TBS determination indicated by
number OfS otsTBoMS,

- OtheI'WISE‘, NRE = mln(156, NI;E) *NpRp-
- Next, proceed with steps 2-4 as defined in Clause 5.1.3.2

- For aPUSCH scheduled by fallbackRAR UL grant, UE assumes the TB size determined by the UL grant in
the fallbackRAR shall be the same asthe TB size used in the corresponding MsgA PUSCH transmission.

- 28<1yes <31 and transform precoding is disabled and Table 5.1.3.1-2 is used, or
- 28<1yes <31 and transform precoding is enabled,

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< I ,c5 < 27. If thereis no PDCCH for the same transport block using 0< 1,5 <27, and if the

initial PUSCH for the same transport block is transmitted with configured grant,

- the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.

- the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.
else

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< I ,c5 < 28. If thereis no PDCCH for the same transport block using 0< 1,5 <28, and if the

initial PUSCH for the same transport block is transmitted with configured grant,
- the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.
- the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.

6.1.5 Code block group based PUSCH transmission

6.1.5.1 UE procedure for grouping of code blocks to code block groups

If aUE is configured to transmit code block group (CBG) based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission in PUSCH-ServingCell Config, the UE shall determine the number of CBGs for a
PUSCH transmission as

M =min(N,C),

where N is the maximum number of CBGs per transport block as configured by
maxCodeBlockGroupsPer TransportBlock in PUSCH-ServingCellConfig, and C is the number of code blocks in the
PUSCH according to the procedure defined in Clause 6.2.3 of [5, TS 38.212].

Define M, = mod(C,M ), Kl:{%w,and K, :L%J

If M; >0,CBGmM, m=01,...,M; —1, consists of code blocks withindices m-K, +k,k=01,..., K; -1.CBG m,
m=M,,M, +1..,M -1, consists of code blocks with indices M, - K, +(m-M,)-K, +k,k =01,..., K, 1.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 174 ETSI TS 138 214 V17.3.0 (2022-09)

6.1.5.2 UE procedure for transmitting code block group based transmissions

If aUE is configured to transmit code block group-based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission in PUSCH-ServingCell Config,

- For aninitial transmission of a TB asindicated by the ‘New Data Indicator' field of the scheduling DCI, the UE
may expect that the CBGTI field indicates al the CBGs of the TB are to be transmitted, and the UE shall include
all the code block groups of the TB.

- For aretransmission of a TB asindicated by the 'New Data Indicator' field of the scheduling DCI, the UE shall
include only the CBGsindicated by the CBGTI field of the scheduling DCI.

A bit value of '0" in the CBGTI field indicates that the corresponding CBG is hot to be transmitted and '1' indi cates that
it isto be transmitted. The order of CBGTI field bitsis such that the CBGs are mapped in order from CBG#0 onwards
starting from the M SB.

6.1.6 Uplink switching

The UE may omit uplink transmission during the uplink switching gap Nr1.1«2 if the conditions defined in this clause
are met and the UE is configured with uplinkTxSwitching. The switching gap Nry1.142 iSindicated by UE capability
uplinkTxSwitchingPeriod2T2T if uplinkTxSwitching-2T-Mode is configured, and uplinkTxSwitchingPeriod otherwise:

- If aUE indicated a capability for uplink switching with BandCombination-UplinkTxSwitch for a band
combination, and if it is for that band combination

- Configured withaMCG using E-UTRA radio access and with a SCG using NR radio access (EN-DC), or
- Configured with uplink carrier aggregation, or
- Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink.

the conditions under which the switching gap may be present and the location of the switching gap are
defined for each of the casesin clauses 6.1.6.1, 6.1.6.2, and 6.1.6.3 respectively.

If an uplink switching istriggered for an uplink transmission starting at To, after To-Tofrset, the UE is not expected to
cancel the uplink switching, or to trigger any other new uplink switching occurring before T for any other uplink
transmission that is scheduled after To-Torrset, Where Torret 1S the UE processing procedure time defined for the uplink
transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS
38.213].

The UE does not expect to perform more than one uplink switching in aslot with pur = max(Juc, 1, Hui, 2), where the
Mut, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the
Mut, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap.

6.1.6.1 Uplink switching for EN-DC

For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination,
and if it isfor that band combination configured with aMCG using E-UTRA radio access and with a SCG using NR
radio access (EN-DC), if the UE is configured with uplink switching with parameter uplinkTxSwitching,

- for the UE configured with switchedUL by the parameter uplinkTxSwitchingOption, when the UE isto transmit
in the uplink based on DCI(s) received before To — T o755, OF based on a higher layer configuration(s):

- when the UE isto transmit an NR uplink that takes place after an E-UTRA uplink on another uplink carrier
then the UE is not expected to transmit for the duration of Nr,;_1» On any of the two carriers.

- when the UE isto transmit an E-UTRA uplink that takes place after an NR uplink on another uplink carrier
then the UE is not expected to transmit for the duration of Nip,.1«; 0On any of the two carriers.

- the UE is not expected to transmit simultaneously on the NR uplink and the E-UTRA uplink. If the UE is
scheduled or configured to transmit any NR uplink transmission overlapping with an E-UTRA uplink
transmission, the NR uplink transmission is dropped,
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6.1.6.2

for the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE isto transmit in the uplink
based on DCI(s) received before Tg — T o5, OF based on a higher layer configuration(s):

when the UE isto transmit an NR two-port uplink that takes place after an E-UTRA uplink on another uplink
carrier then the UE is not expected to transmit for the duration of Np,.142; On any of the two carriers.

when the UE is to transmit an E-UTRA uplink that takes place after an NR two-port uplink on another uplink
carrier then the UE is not expected to transmit for the duration of Nr,;_1.; On any of the two carriers.

the UE is not expected to transmit simultaneously atwo- port transmission on the NR uplink and the E-
UTRA uplink.

in al other casesthe UE is expected to transmit normally all uplink transmissions without interruptions.

when the UE is configured with tdm-PatternConfig or by tdm-PatternConfig2

for the E-UTRA subframes designated as uplink by the configuration, the UE assumes the operation state in
which one-port E-UTRA uplink can be transmitted.

for the E-UTRA subframes other than the ones designated as uplink by the configuration, the UE assumes the
operation state in which two-port NR uplink can be transmitted.

Uplink switching for carrier aggregation

For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch or
uplinkTxSwitchingPeriod2T2T for a band combination, and if it is for that band combination configured with uplink
carrier aggregation:

If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE isto transmit in
the uplink based on DCI(s) received before To — T s, OF based on ahigher layer configuration(s):

When the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding
uplink transmission is a 1-port transmission on another uplink carrier on another band, then the UE is not
expected to transmit for the duration of Nr,;.14; On any of the carriers.

When the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding
uplink transmission is a 2-port transmission on another uplink carrier on another band, then the UE is not
expected to transmit for the duration of Nr,;.142 On any of the carriers.

For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE isto transmit a 1-
port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port
transmission on another uplink carrier on another band, then the UE is not expected to transmit for the
duration of Np,q.14; On any of the carriers.

For the UE configured with uplinkTxSwitchingOption set to 'dual UL', when the UE is to transmit a 2-port
transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port
transmission on a carrier on the same band and the UE is under the operation state in which 2-port
transmission cannot be supported in the same band, then the UE is not expected to transmit for the duration
of Np,1.12 ON any of the carriers.

For the UE configured with uplinkTxSwitchingOption set to 'dual UL', when the UE is to transmit a 1-port
transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port
transmission on another uplink carrier on another band and the UE is under the operation state in which 2-
port transmission can be supported in the same band, then the UE is not expected to transmit for the duration
of Np,1.12 ON any of the carriers.

For the UE configured with uplinkTxSwitchingOption set to 'dual UL', if the UE is configured with
uplinkTxSwitching-Dual UL-TxState set to 'oneT"’, when the UE is under the operation state in which 2-port
transmission can be supported on one carrier on one band followed by no transmission on any carrier on the
same band and 1-port transmission on the other carrier on another band the UE shall consider thisasif 1-port
transmission was transmitted on both uplinks, otherwise the UE shall consider thisasif 2-port transmission
took place on the transmitting carrier.
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- If uplinkTxSwitching-2T-Mode is configured, when the UE isto transmit a 2-port transmission on one uplink
carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier
on another band, then the UE is not expected to transmit for the duration of Np.q.14; On any of the carriers.

- The UE isnot expected to be scheduled or configured with uplink transmissions that result in simultaneous
transmission on two antenna ports on one uplink carrier on one band, and any transmission on another uplink
carrier on another band.

- Inal other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
6.1.6.2.1 void

6.1.6.3 Uplink switching for supplementary uplink

For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination,
and if it isfor that band combination configured in a serving cell with two uplink carriers with higher layer parameter
supplementaryUplink:

- If the UE is configured with uplink switching with parameter uplinkTxSwitching,

- If the UE isto transmit any uplink channel or signal on a different uplink on a different band from the
preceding transmission occasion based on DCI(s) received before Tg — T o5, OF based on a higher layer
configuration(s), then the UE assumes that an uplink switching istriggered in a duration of switching gap
Nryg1-1x2, Where T isthe start time of the first symbol of the transmission occasion of the uplink channel or
signal and T o5, i the preparation procedure time of the transmission occasion of the uplink channel or
signal givenin clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213], respectively.
During the switching gap Nx1.1x2, the UE is not expected to transmit on any of the two uplinks.

- Inall other cases the UE is expected to transmit normally all uplink transmissions without interruptions.

6.1.7 UE procedure for determining time domain windows for bundling
DM-RS

For PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, PUSCH repetition Type
A with a configured grant, PUSCH repetition Type B and TB processing over multiple slots, when PUSCH-DMRS-
Bundling is enabled, and for PUCCH transmissions of PUCCH repetition, when PUCCH-DMRS-Bundling is enabled,
the UE determines one or multiple nominal TDWSs, as follows:;

- For PUSCH transmissions of repetition Type A, PUSCH repetition Type B and TB processing over multiple
slots, the duration of each nominal TDW except the last nominal TDW, in number of consecutive slots, is:

- Given by PUSCH-TimeDomainWindowLength, if configured.

- Computed as min ([maxDMRS-BundlingDuration], M), if PUSCH-TimeDomainWindowL ength is not
configured, where [maxDMRS-BundlingDuration] is maximum duration for anominal TDW subject to UE
capability [13, TS 38.306], M isthe time duration in consecutive sots of N - K PUSCH transmissions, and
where:

- For PUSCH transmissions of PUSCH repetition Type A, N=1 and K is the number of repetitions, as
defined in Clause 6.1.2.1.

- For PUSCH transmissions of PUSCH repetition Type B, N=1 and K is the number of nominal repetitions,
as defined in Clause 6.1.2.1.

- For PUSCH transmissions of TB processing over multiple slots, N is the number of slots used for TBS
determination and K is the number of repetitions of the number of slots N used for TBS determination, as
defined in Clause 6.1.2.1.

- For PUCCH transmissions of PUCCH repetition, the duration of each nominal TDW except the last nominal
TDW, in number of consecutive dlots, is:

- Given by PUCCH-TimeDomainWindowLength, if configured.
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- Computed as min ([maxDMRS-BundlingDuration], M), if PUCCH-TimeDomainWindowL ength is not
configured, where [maxDMRS-BundlingDuration] is maximum duration for anominal TDW subject to UE
capability [13, TS 38.306], M is the time duration in consecutive slots from the first slot determined for
PUCCH transmissions of PUCCH repetition to the last slot determined for PUCCH transmissions of PUCCH
repetition according to clause 9.2.6 of [6, TS 38.213].

- For PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and PUSCH
repetition Type A with a configured grant, when AvailableSotCounting is enabled, and for TB processing over
multiple slots:

- The start of the first nominal TDW isthe first dlot determined for the first PUSCH transmission.
- Theend of thelast nominal TDW isthe last ot determined for the last PUSCH transmission.

- Thestart of any other nominal TDWSsis thefirst slot determined for PUSCH transmission after the last slot
determined for PUSCH transmission of a previous nominal TDW.

- For PUSCH transmissions of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2 and PUSCH
repetition Type A with a configured grant, when the UE is not configured with AvailableSotCounting or when
AvailableSotCounting is disabled, and for PUSCH repetition type B:

- Thestart of the first nominal TDW isthefirst dlot for the first PUSCH transmission.

- Theend of the last nominal TDW isthe last slot for the last PUSCH transmission.

- The dtart of any other nominal TDWSsiisthe first slot after the last slot of a previous nominal TDW.
- For PUCCH transmissions of a PUCCH repetition:

- Thestart of the first nominal TDW isthefirst slot determined for the first PUCCH transmission.

- Theend of the last nominal TDW isthe last slot determined for the last PUCCH transmission.

- The start of any other nominal TDWSsis the first slot determined for PUCCH transmission after the last slot
determined for PUCCH transmission of a previous nominal TDW.

For PUSCH transmissions of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, PUSCH repetition
Type A with a configured grant, PUSCH repetition Type B and TB processing over multiple slots, anominal TDW
consists of one or multiple actual TDWs. The UE determines the actual TDWs as follows:

- The start of thefirst actual TDW isthe first symbol of the first PUSCH transmission in a slot for PUSCH
transmission of PUSCH repetition type A scheduled by DCI format O_1 or 0_2, or PUSCH repetition Type A
with aconfigured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal
TDW.

- Theend of an actual TDW is

- Thelast symbol of the last PUSCH transmission in aslot for PUSCH transmission of PUSCH repetition type
A scheduled by DCI format O_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH
repetition type B or TB processing over multiple slots within the nominal TDW, if the actual TDW reaches
the end of the last PUSCH transmission within the nominal TDW.

- Thelast symbol of a PUSCH transmission before the event, if an event occurs which causes power
consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition
type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or
PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH
transmissionisin aslot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1
or 0_2, or PUSCH repetition Type A wth a configured grant, or PUSCH repetition type B or TB processing
over multiple dots.

- When PUSCH-Window-Restart is enabled, the start of a new actual TDW isthe first symbol of the PUSCH
transmission after the event which causes power consistency and phase continuity not to be maintained
across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH
repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots
within the nominal TDW, and the PUSCH transmission isin asot for PUSCH transmission of PUSCH
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repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant,
or PUSCH repetition type B or TB processing over multiple slots.

For PUCCH transmissions of PUCCH repetition, anominal TDW consists of one or multiple actual TDWs. The UE
determines the actual TDWSs as follows:

- The start of the first actual TDW isthe first symbol of the first PUCCH transmission in a slot determined for
PUCCH tranmission within the nominal TDW.

- Theend of an actual TDW is

- Thelast symbol of the last PUCCH transmission in aslot determined for transmission of the PUCCH within
the nominal TDW, if the actual TDW reaches the end of the last PUCCH transmission within the nominal
TDW.

- Thelast symbol of a PUCCH transmission before the event, if an event occurs which causes power
consistency and phase continuity not be maintained across PUCCH transmissions of PUCCH repetition
within the nominal TDW, and the PUCCH transmission isin a ot determined for transmission of the
PUCCH.

- When PUCCH-Window-Restart is enabled, the start of a new actual TDW isthe first symbol of the PUCCH
transmission after the event which causes power consistency and phase continuity not to be maintained
across PUCCH transmissions of PUCCH repetition within the nominal TDW, and the PUCCH transmission
isin asot determined for transmission of the PUCCH.

Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of
PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant,
or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition,
within the nominal TDW, are;

- A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon
and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.

- The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH
transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix.

- The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH
transmissions, does not exceed 13 symbols but other uplink transmissions are scheduled between the two
consecutive PUSCH transmissions or the two consecutive PUCCH transmissions.

- For PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B or TB processing over
multiple slots, adropping or cancellation of a PUSCH transmission according to clause 9, clause 11.1 and clause
11.2A of [6, TS 38.213].

- For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according
to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].

- For any two consecutive PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, and
when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’ or
‘noncodebook’, a different SRS resource set association is used for the two PUSCH transmissions of PUSCH
repetition type A, or PUSCH repetition type B, according to Clause 6.1.2.1.

- For any two consecutive PUCCH transmissions of PUCCH repetition, and when a PUCCH resource used for
repetitions of a PUCCH transmission by a UE includes first and second spatial relations or first and second sets
of power control parameters, as described in [10, TS 38.321] and in clause 7.2.1 of [6, TS 38.213], different
spatial relations or different power control parameters are used for the two PUCCH transmissions of PUCCH
repetition, according to Clause 9.2.6 of [6, TS 38.213].

- Uplink timing adjustment in response to a timing advance command according to clause 4.2 of [6, TS 38.213].
- Frequency hopping.
- For reduced capability half-duplex UEs,

- adropping or cancellation of a PUSCH transmission according to clause 17.2 of [6, TS 38.213] or
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- anoverlapping of the gap between two consecutive PUSCH transmissions and any symbol of downlink
reception or downlink monitoring

The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of
PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant,
or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH
repetition, in case the actual TDW is created in response to frequency hopping, or in response to the use of a different
SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type
B, or in response to the use of different spatial relations or different power control parameters for the two PUCCH
transmissions of PUCCH repetition, or in response to any event not triggered by DCI or MAC-CE. The UE maintains
power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition
Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH
repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case
the actual TDW is created in response to an event triggered by DCI other than frequency hopping or by MAC-CE,
subject to UE capability.

6.2 UE reference signal (RS) procedure

6.2.1 UE sounding procedure

The UE may be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the
higher layer parameter SRS-ResourceSet or SRS-PosResourceSet. For each SRS resource set configured by SRS

ResourceSet, a UE may be configured with K >1 SRS resources (higher layer parameter SRS-Resource), where the
maximum value of K isindicated by UE capability [13, 38.306]. When SRS resource set is configured with the higher
layer parameter SRS-PosResourceSet, a UE may be configured with K >1 SRS resources (higher layer parameter SRS
PosResource), where the maximum value of K is 16. The SRS resource set applicability is configured by the higher
layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'beamManagement’, only
one SRS resource in each of multiple SRS resource sets may be transmitted at a given time instant, but the SRS
resourcesin different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted
simultaneousdly.

For the SRS resource set(s) configured in srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage set
to "antennaSwitching' or '‘beamManagement’, the UE expects the same SRS resource set(s) with the same usage being
configured in srs-ResourceSetToAddModList.

When the UE is configured dI-OrJoint-TClStateList or UL-TClState, the UE can assume that SRS resource(s) in any
SRS resource set, except SRS resource set for positioning and an SRS resource set configured with

followUnifiedTCl stateSRS, can be configured with TCIState or UL-TCl State or updated as described in clause 6.1.3.47
of [10, TS 38.321]. The reference RS in the DLorJoint-TCl Sate can be a CSI-RS resource in a NZP-CS-RS
ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSl-RS-Resour ceSet
configured with higher layer parameter trs-Info. The reference RS in the UL-TCl State(s) can be a CSI-RSresourcein a
NZP-CS-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CS-RS
ResourceSet configured with higher layer parameter trs-Info, an SRS resource with the higher layer parameter usage set
to 'beamManagement’, or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell.

If an SRS resource set, except an SRS resource set for positioning, is configured with followUnifiedTCl stateSRS, the
UE shall transmit the target SRS resource(s) within the SRS resource set according to the spatial relation, if applicable,
with areference to the RS used for determining UL TX spatial filter. The RS is determined based on an RS configured
with qcl-Type set to 'typeD' in QCL-Info of the indicated TCl State or an RS in the indicated UL-TCl State. The reference
RS in the indicated TClISate can be a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer
parameter repetition, or a CSI-RS resource in an NZP-CS-RS-ResourceSet configured with higher layer parameter trs-
Info. The reference RS in the indicated UL-TCl State can be a CSI-RS resource in a NZP-CS -RS-Resour ceSet
configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CS-RS-ResourceSet configured with
higher layer parameter trs-Info, an SRS resource with the higher layer parameter usage set to '‘beamManagement’, or
SS/PBCH block associated with the same or different PCI from the PCI of the serving cell.

For aperiodic SRS at least one state of the DCI field is used to select at least one out of the configured SRS resource
set(s).

The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource or SRS
PosResource.

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 180 ETSI TS 138 214 V17.3.0 (2022-09)

- srs-Resourceld or SRS-PosResourceld determines SRS resource configuration identity.

- Number of SRS ports, as defined by the higher layer parameter nrofSRS-Ports and described in clause 6.4.1.4 of
[4, TS 38.211]. If not configured, nrofSRS-Portsis 1.

- Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter resourceType,
which may be periodic, semi-persistent, aperiodic SRS transmission as defined in clause 6.4.1.4 of [4, TS
38.211].

- Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or
periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be
configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with
different dlot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType
set to 'aperiodic’, adot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet
configured with higher layer parameter resourceType set to 'aperiodic, alist of zero up to four different available
dot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted
where n isthe slot with triggering DCI and k is slotOffset is defined by the higher layer parameter
availableSotOffsetList. The parameter availableS otOffsetList can be configured up to 4 different values. For an
SRS-PosResourceSet configured with higher layer parameter resourceType set to ‘aperiodic’, the slot level offset
is defined by the higher layer parameter slotOffset for each SRS resource.

- Number of OFDM symbolsin the SRS resource, starting OFDM symbol of the SRS resource within aslot
including repetition factor R as defined by the higher layer parameter resourceMapping and described in clause
6.4.1.4 of [4, TS 38.211]. If Risnot configured, then Ris equal to the number of OFDM symbolsin the SRS
resource.

- SRSbandwidth Bgg and Cgs, as defined by the higher layer parameter freqHopping and described in clause
6.4.1.4 of [4, TS 38.211]. If not configured, then Bgg = 0.

- Frequency hopping bandwidth b, - defined by the higher layer parameter freqgHopping and described in
clause 6.4.1.4 of [4, TS 38.211]. If not configured, then brop = O-

- Defining partia frequency sounding factor and start RB index for partial frequency sounding as defined by the
higher layer parameters FreqScalingFactor P= and StartRBIndex ke, respectively, and described in Clause 6.4.1.4
of [4, TS 38.211]. If not configured, then Pe= 1 and kg,= 0.

- Defining start RB index hopping for partial frequency sounding in different SRS frequency hopping periods for
aperiodic/periodic/semi-persistent SRS based on the hopping pattern knop as described in clause 6.4.1.4.3in [4,
TS 38.211. If not configured, then start RB hopping is not enabled and knopis fixed to be O for all SRS symbols.

- Defining frequency domain position and configurable shift, as defined by the higher layer parameters
fregDomainPosition and fregDomainShift, respectively, and described in clause 6.4.1.4 of [4, TS 38.211]. If
fregDomainPosition is not configured, fregDomainPosition is zero.

- Cyclic shift, as defined by the higher layer parameter cyclicShift-n2, cyclicShift-n4, or cyclicShift-n8 for
transmission comb value 2, 4 or 8, and described in clause 6.4.1.4 of [4, TS 38.211].

- Transmission comb value, as defined by the higher layer parameter transmissionComb described in clause
6.4.1.4 of [4, TS 38.211].

- Transmission comb offset, as defined by the higher layer parameter combOffset-n2, combOffset-n4, and
combOffset-n8 for transmission comb value 2, 4, or 8, and described in clause 6.4.1.4 of [4, TS 38.211].

- SRS sequence ID, as defined by the higher layer parameter sequenceld in clause 6.4.1.4 of [4, TS 38.211].

- The configuration of the spatial relation between areference RS and the target SRS, where the higher layer
parameter spatial Relationlnfo or spatial RelationlnfoPos, if configured, containsthe ID of the reference RS. The
reference RS may be an SS/PBCH block, CSI-RS configured on serving cell indicated by higher layer parameter
servingCellld if present, same serving cell as the target SRS otherwise, or an SRS configured on uplink BWP
indicated by the higher layer parameter uplinkBWP, and serving cell indicated by the higher layer parameter
servingCellld if present, same serving cell as the target SRS otherwise. When the target SRS is configured by the
higher layer parameter SRS-PosResourceSet, the reference RS may also be a DL PRS configured on a serving
cell or anon-serving cell indicated by the higher layer parameter dI-PRS, or an SS/PBCH block of a non-serving
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cell indicated by the higher layer parameter ssh-Ncell. If the UE is configured with dI-OrJoint-TCl StateL.ist or
UL-TCISate, the reference RS may additionally be an SS/PBCH block associated with a PCI different from the
PCI of the serving cell.

The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource
occupying N e {1,2,4} adjacent OFDM symbols within the last 6 symbols of the slot, or at any symbol location

within the ot if resourceMapping-ri6 is provided subject to UE capability, where all antenna ports of the SRS
resources are mapped to each symbol of the resource. When the SRS is configured with the higher layer parameter SRS
PosResourceSet the higher layer parameter resourceMapping-r16 in SRS-PosResour ce indicates an SRS resource
occupying Ns € {1,2,4,8,12} adjacent symbols anywhere within the slot. When the SRS is configured with the higher
layer parameter SRS-ResourceSet, the higher layer parameter resourceMapping-r17 in SRS-Resource indicates an SRS
resource occupying Ns € {1,2,4,8,10,12,14} adjacent symbols anywhere within the slot.

If a PUSCH with a priority index 0 and SRS configured by SRS-Resource are transmitted in the same slot on a serving
cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-
RS.

If a PUSCH transmission with a priority index 1 or aPUCCH transmission with a priority index 1 would overlapin
time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter
resourceType in SRS-Resource or SRS-PosResource is set to ‘periodic’:

- if the UE is configured with the higher layer parameter spatial Relationlnfo, spatial RelationInfo-PDC or
spatial Relationl nfoPos containing the ID of areference 'ssh-Index’, 'ssb-IndexServing', or 'ssb-IndexNcell', the
UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception
of the reference SS/PBCH block, if the higher layer parameter spatial Relationlnfo, spatialRelationlnfo-PDC or
gpatial RelationlnfoPos contains the ID of areference 'csi-RS-Index’ or ‘csi-RS-1ndexServing', the UE shall
transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the
reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter
gpatial Relationlnfo, spatial Relationlnfo-PDC or spatial Relationl nfoPos containing the ID of areference 'srs' or
'srs-gpatial Relation', the UE shall transmit the target SRS resource with the same spatial domain transmission
filter used for the transmission of the reference periodic SRS. When the SRS is configured by the higher layer
parameter SRS-PosResource and if the higher layer parameter spatial RelationlnfoPos contains the ID of a
reference 'dI-PRS, the UE shall transmit the target SRS resource with the same spatial domain transmission filter
used for the reception of the reference DL PRS. When the SRS is configured by the higher layer parameter SRS
Resource and if the higher layer parameter spatial RelationInfo-PDC contains the ID of areference 'dl-PRS-
PDC, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the
reception of the reference DL PRS for RTT-based propagation delay compensation according to clause 9.

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter
resourceType in SRS-Resource or SRS-PosResource is set to 'semi-persistent'”:

- when a UE receives an activation command, as described in clause 6.1.3.17 or 6.1.3.36 of [10, TS 38.321], for an
SRS resource, and when the UE would transmit a PUCCH with HARQ-ACK informationin slot n
corresponding to the PDSCH carrying the activation command, the corresponding actionsin [10, TS 38.321] and
the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied

starting from the first slot that is after slot n + 3NS“2/"*™** where u is the SCS configuration for the PUCCH.
The activation command also contains spatial relation assumptions provided by alist of references to reference
signal 1Ds, one per element of the activated SRS resource set. When the SRS is configured with the higher layer
parameter SRS-ResourceSet, each ID in thelist refersto areference SSYPBCH block, NZP CSI-RS resource
configured on serving cell indicated by Resource Serving Cell 1D field in the activation command if present,
same serving cell asthe SRS resource set otherwise, or SRS resource configured on serving cell and uplink
bandwidth part indicated by Resource Serving Cell 1D field and Resource BWP ID field in the activation
command if present, same serving cell and bandwidth part as the SRS resource set otherwise. When the SRSis
configured with the higher layer parameter SRS-PosResourceSet, each ID in the list of reference signal 1Ds may
refer to areference SS/PBCH block on a serving or non-serving cell indicated by PCI field in the activation
command, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell 1D field in the
activation command if present, same serving cell asthe SRS resource set otherwise, SRS resource configured on
serving cell and uplink bandwidth part indicated by Resource Serving Cell 1D field and Resource BWP ID field
in the activation command if present, same serving cell and bandwidth part as the SRS resource set otherwise, or
DL PRS resource of aserving or non-serving cell associated with adl-PRSID indicated by DL-PRSID field in
the activation command.
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if an SRS resource in the activated resource set is configured with the higher layer parameter spatial Relationlnfo
or spatial Relationl nfoPos, the UE shall assume that the ID of the reference signal in the activation command
overrides the one configured in spatial Relationlnfo or spatial Relationl nfoPos.

when a UE receives a deactivation command [10, TS 38.321] for an activated SRS resource set, and when the
UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the
deactivation command, the corresponding actionsin [10, TS 38.321] and UE assumption on cessation of SRS
transmission corresponding to the deactivated SRS resource set shall apply starting from the first slot that is after

slot n + 3NZHLITAMmeR \where 1y is the SCS configuration for the PUCCH.

slot

if the UE is configured with the higher layer parameter spatial Relationlnfo or spatial Rel ationlnfoPos containing
the ID of areference 'ssh-Index’, 'ssh-IndexServing', or 'ssh-IndexNcell' the UE shall transmit the target SRS
resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block,
if the higher layer parameter spatial Relationinfo or spatial RelationlnfoPos contains the ID of areference 'csi-
RS-Index' or 'csi-RS-IndexServing', the UE shall transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent
CSI-RS, if the higher layer parameter spatial Relationlnfo or spatial Relationl nfoPos contains the ID of a
reference 'srs' or 'srs-SpatialRelation’, the UE shall transmit the target SRS resource with the same spatial domain
transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent
SRS. When the SRS is configured by the higher layer parameter SRS-PosResourceSet and if the higher layer
parameter spatial RelationlnfoPos containsthe ID of areference 'dl-PRS, the UE shall transmit the target SRS
resource with the same spatial domain transmission filter used for the reception of the reference DL PRS.

If the UE has an active semi-persistent SRS resource configuration and has not received a deactivation command, the
semi-persistent SRS configuration is considered to be active in the UL BWP which is active, otherwiseit is considered
suspended.

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter
resourceType in SRS-Resource or SRS-PosResource is set to ‘aperiodic’:

the UE receives a configuration of SRS resource sets,

the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of
the DCI may trigger one or more SRS resource set(s). For SRSin a resource set with usage set to '‘codebook’ or
‘antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic
SRS transmission and the first symbol of SRS resourceis N> symbols and an additional time duration Teuitch.
Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS
transmission and the first symbol of SRS resourceis Nz +14 symbols and an additional time duration Tswitch. The
minimal timeinterval unit of OFDM symbol is counted based on the minimum subcarrier spacing given by
min(UepccH, Hul) where pue is given by min(put carriert, Hut carrier2, Usrs) When the UE is configured with the
higher layer parameter uplinkTxSwitchingOption set to ‘dualUL' for uplink carrier aggregation, and by psrs
otherwise. psss and pepcch are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the
triggering command respectively.

- Tswitch, HuLcarriers @Nd Mul carrier2 are defined in clause 6.4.

When UE reporting [ Triggering SRSonly in DCI 0_1/0_2], the UE can be indicated withDCI 0_1and 0 _2to
trigger aperiodic SRS without data and without CSI as described in clause 7.3.1.1 of TS38.212. Otherwise,
except for DCI format 0_1/0_2 with CRC scrambled by SP-CSI-RNTI, aUE is not expected to receive a DCI
format 0_1/0_2 with UL-SCH indicator of "0" and CSl request of all zero(s) as described in clause 7.3.1.1 of [5,
TS 38.212].

If the UE receives the DCI triggering aperiodic SRSin slot n and at least one resource set is configured with
parameter availableS otOffset across all configured BWPs in a component carrier except when SRSis
configured with the higher layer parameter SRS-PosResource,

- If caSotOffset is configured, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s)
inthe (t + 1)-th available dot counting from slot

CA CA
\‘n. /RS ‘+ k+\‘( stot,offset,PDCCH _ Ndot,offset,SRSJ,zysas‘ ,

2/1PDCCH 2/10ffset ,PDCCH 2/10ffsa SRS
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- otherwise the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in the (t + 1)-th

2USRS
available slot counting from slot ln HPDCCHJ + k, where
- kisconfigured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the
subcarrier spacing of the triggered SRS transmission, [iszs and PepccH are the subcarrier spacing
configurations for triggered SRS and PDCCH carrying the triggering command, respectively;

- N2 oftser, occH @ Hogiser, ppccn € the NG5 oo and the 42,4, , respectively, which are determined by
higher-layer configured ca-SotOffset for the cell receiving the PDCCH, N8 ftset, srs @ Hofser, srs A€ the
NS5, oftser @nd the £, , respectively, which are determined by higher-layer configured ca-SotOffset for the
cell transmitting the SRS, as defined in [4, TS 38.211] clause 4.5.

- Anavallabledot isadot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for al
the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement
between triggering PDCCH and all the SRS resources in the resource set. From the first symbol carrying the
SRS request DCI to the last symbol of the triggered SRS resource set, UE does not expect to receive SFI
indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s)
that may change the determination of available dlot.

- tisconfigured via higher layer parameter availableS otOffsetList with up to four different values of
AvailableS otOffset for each triggered SRS resources set and it is based on the subcarrier spacing of the
triggered SRS transmission. When one or more SRS resource sets across al configured BWPsin a
component carrier are configured, and at least one resource set is configured with availableS otOffsetList
parameter of more than one values, the indicated value of t isindicated by SOI field in DCI scheduling
PUSCH/PDSCH and DCI 0_1/0_2 without data and without CSI request described in [5, TS 38.212]. The UE
shall apply indicated value t specifically for those sets with configured availableS otOffsetList parameter.
When one or more SRS resource sets across all configured BWPsin a component carrier are configured and
at least one resource set is configured with availableS otOffsetList parameter, and the availableS otOffsetList
parameter for each SRS resource set has only one value, the UE shall apply the configured value specifically
for those sets with configured availableS otOffsetList parameter. For SRS resource set configured with
availableSotOffsetList parameter, each of resource set is configured with K values of AvailableSotOffset.
For SRS resource set configured without availableSotOffsetList parameter, t = 0 is applied for each of
resource set.

- If the UE receives the DCI triggering aperiodic SRS in ot n and none of the resource setsis configured with
parameter availableSotOffsetList across all configured BWPsin a component carrier, and if the UE is
configured with ca-SotOffset for at least one of the triggered and triggering cell, except when SRSis configured
with the higher layer parameter SRS-PosResour ce, the UE transmits aperiodic SRS in each of the triggered SRS

CA
2458 k4 Ngot offset, PDCCH stot offset, SRS
2/!offsa,PDCCH 2l’0ffset,S?S

resource set(s) in slot {n- - J 2¢ss | otherwise, the UE
2,UPDCCH

2HSRS

J k +Koffset ’

where K, ¢4, is aparameter configured by higher layer as specified in clause 4.2 of [6 TS 38.213], and

transmits aperiodic SRS in each of the triggered resource set(s) inslot K, = [

2HSRS

2HPDCCH

z‘uKoffset !
where

- kisconfigured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the
subcarrier spacing of the triggered SRS transmission, [isss and UepccH are the subcarrier spacing
configurations for triggered SRS and PDCCH carrying the triggering command respectively;

Hicyp fmis the subcarrier spacing configuration for K, ¢ (.. with avalue of O for frequency range 1.

- Nsclé\t offset, PpccH AN Usftser, pccn A€ the N, lot offset AN the z, , respectively, which are determined by

higher-layer configured ca-SlotOffset for the cell receiving the PDCCH, Niio,offser,srs @ 7,0 sps A€ the

NS,Ot ofit AND the 1., respectively, which are determined by higher-layer configured ca-SotOffset for
the cell transmitting the SRS, as defined in [4, TS 38.211] clause 4.5.

- If the UE receives the DCI triggering aperiodic SRS in slot n and when SRS is configured with the higher layer
parameter SRS-PosResource, the UE transmits every aperiodic SRS resource in each of the triggered SRS
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2/‘PDCCH 2/‘0ffsa‘PDCCH 2/‘0ffsa‘525

CA CA
resource set(s) in slot {n. 27 ‘+ k +M Nsotofse.pocon _ Neor ot sms

- ]-Z”SRS‘ , if UE is configured with

2HSRS 2HSRS

ca-SotOffset for at least one of the triggered and triggering cell, K, = ln . zﬂpocch + k + Koffser -

otherwise, where K¢ ., s a parameter configured by higher layer as specified in clause 4.2 of [6 TS 38.213],
and where

z‘ukoffsec !

- kisconfigured via higher layer parameter slotOffset for each aperiodic SRS resource in each triggered SRS
resources set and is based on the subcarrier spacing of the triggered SRS transmission, psss and pepcch are
the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command
respectively;

P o et is the subcarrier spacing configuration for K, ¢, With avalue of O for frequency range 1.

cA cA - - -
= Njot, offset, PoccH AN oftser, poccr A€ the Njo ofsee N the . , respectively, which are determined by

higher-layer configured ca-SlotOffset for the cell receiving the PDCCH, Niooffser,srs @ 7,0 sps A€ the
N CA

ot offst AN the 1y , respectively, which are determined by higher-layer configured ca-SotOffset for the
cell transmitting the SRS, as defined in [4, TS 38.211] clause 4.5.

- if the UE is configured with the higher layer parameter spatial Relationlnfo or spatial Relationl nfoPos containing
the ID of areference 'ssb-Index’, 'ssb-IndexServing' or 'ssb-IndexNcell’, the UE shall transmit the target SRS
resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block,
if the higher layer parameter spatial Relationlnfo or spatial RelationlnfoPos contains the ID of areference ‘csi-
RS-Index’ or 'csi-RS-IndexServing', the UE shall transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent
CSI-RS, or of the latest reference aperiodic CSI-RS. If the higher layer parameter spatial Relationlnfo or
spatial Relationl nfoPos contains the ID of areference 'srs' or 'srs-Spatia Relation', the UE shall transmit the target
SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic
SRS or of the reference semi-persistent SRS or of the reference aperiodic SRS. When the SRS is configured by
the higher layer parameter SRS-PosResourceSet and if the higher layer parameter spatial Relationl nfoPos
contains the ID of areference 'dl-PRS), the UE shall transmit the target SRS resource with the same spatial
domain transmission filter used for the reception of the reference DL PRS.

- when a UE receives an spatial relation update command, as described in clause 6.1.3.26 of [10, TS 38.321], for
an SRS resource configured with the higher layer parameter SRS-Resource, and when the HARQ-ACK
corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actionsin
[10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for

SRS transmission starting from the first slot that is after slot n + 3N.2/*™** where yis the SCS configuration
for the PUCCH. The update command contains spatial relation assumptions provided by alist of referencesto
reference signal IDs, one per element of the updated SRS resource set. Each ID in thelist refersto areference
SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell 1D field in
the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured
on serving cell and uplink bandwidth part indicated by Resource Serving Cell 1D field and Resource BWP ID
field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise.
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching,
the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS
resource set.

The UE is not expected to be configured with different time domain behavior for SRS resources in the same SRS
resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource
and associated SRS resources set.

For operation in the same carrier, the UE is not expected to be configured on overlapping symbols with a SRS resource
configured by the higher layer parameter SRS-PosResource and a SRS resource configured by the higher layer
parameter SRS-Resour ce with resourceType of both SRS resources as 'periodic'.

For operation in the same carrier, the UE is not expected to be activated or triggered to transmit SRS on overlapping
symbols with a SRS resource configured by the higher layer parameter SRS-PosResource and a SRS resource
configured by the higher layer parameter SRS-Resource with resourceType of both SRS resources as 'semi-persistent’ or
‘aperiodic'.
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For operations in the same carrier, the UE is not expected to be configured on overlapping symbols with more than one
SRS resources configured by the higher layer parameter SRS-PosResource with resourceType of the SRS resources as
‘periodic'.

For operationsin the same carrier, the UE is not expected to be activated or triggered to transmit SRS on overlapping
symbols with more than one SRS resources configured by the higher layer parameter SRS-PosResource with
resourceType of the SRS resources as 'semi-persistent’ or "aperiodic'.

For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured
by SRS-PosResource on different CCs, subject to UE's capability

For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured
by SRS-PosResource and SRS-Resource on different CCs, subject to UE's capability.

The SRS request field [5, TS38.212] in DCI format 0_1, 1 1, 0_2 (if SRS request field is present), 1_2 (if SRS request
field is present) indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [5, TS 38.212]. The 2-bit SRS
request field in DCI format 2_3 indicates the triggered SRS resource set given in clause 7.3 of [5, TS 38.212] and
defined by the entries of the higher layer parameter srs-ResourceSetToAddModList if the UE is configured with higher
layer parameter srs-TPC-PDCCH-Group set to 'typeB', or indicates the SRS transmission on a set of serving cells
configured by higher layersif the UE is configured with higher layer parameter srs- TPC-PDCCH-Group set to 'typeA'.

For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent or periodic SRSis
configured in the same symbol (s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-
SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRSis configured or aperiodic SRSis
triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined
in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the
SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS
istriggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CS|
report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s).

In case of intra-band contiguous carrier aggregation, or in inter-band or intra-band non-contiguous CA band
combination if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by UE, the UE is not expected
to be indicated with a SRS transmission from a carrier and to be configured or scheduled with a PUSCH/UL DM-
RS/UL PT-RS/PUCCH transmission from a different carrier in the same symboal.

In case of intra-band contiguous carrier aggregation, or in inter-band CA band combination if simultaneous SRS and
PRACH transmissions are not supported by UE, or in case of intra-band non-contiguous CA band combination if the
UE is not configured with higher layer parameter intraBandNC-PRACH-simul Tx-r17, the UE shall not transmit
simultaneously SRS resource(s) from a carrier and PRACH from adifferent carrier.

In case of intra-band contiguous carrier aggregation, or in inter-band CA band combination if simultaneous SRS and
MsgA transmissions are not supported by UE, the UE shall not transmit simultaneously SRS resource(s) from a carrier
and MsgA from a different carrier.

In case a SRS resource with resourceType set as 'aperiodic' istriggered on the OFDM symbol(s) configured with
periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the
periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-
persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS
resource with resourceType set as 'semi-persistent’ is triggered on the OFDM symbol (s) configured with periodic SRS
transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping
within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent
SRS resource are transmitted.

When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', and a
guard period of Y symbolsis configured according to Clause 6.2.1.2, the UE shall use the same priority rules as defined
above during the guard period as if SRS was configured.

When a spatial Relationlnfo is activated/updated for a semi-persistent or aperiodic SRS resource configured by the
higher layer parameter SRS Resource by aMAC CE for a set of CCs/BWPs, where the applicable list of CCs provided
by higher layer parameter simultaneousSpatial-UpdatedListl or simultaneousSpatial-UpdatedList2 is determined by the
indicated CC in the MAC CE, the spatialRelationInfo is applied for the semi-persistent or aperiodic SRS resource(s)
with the same SRS resource ID for all the BWPsin the determined CCs.

When the higher layer parameter enableDefaultBeamPL-ForSRSis set 'enabled’, and if the higher layer parameter
spatial Relationlnfo for the SRS resource, except for the SRS resource with the higher layer parameter usage in SRS-
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ResourceSet set to 'beamManagement' or for the SRS resource with the higher layer parameter usage in SRS
ResourceSet set to 'nonCodebook' with configuration of associatedCSl-RSor for the SRS resource configured by the
higher layer parameter SRS-PosResourceSet, is not configured in FR2 and if the UE is not configured with higher layer
parameter(s) pathlossReferenceRS, and if the UE is not configured with different values of coresetPoollndex in
ControlResourceSets, and is not provided at least one TCI codepoint mapped with two TCI states, the UE shall transmit
the target SRS resource in an active UL BWP of aCC,

- according to the spatial relation, if applicable, with areference to the RS configured with gcl-Type set to ‘typeD
corresponding to the QCL assumption of the CORESET with the lowest control ResourceSetld in the active DL
BWP in the CC. If the CORESET is activated with two TCI states, sfhSchemePdcch is configured and the UE
supports [ DefaultBeamPL-For SRS-SfnPdcch], UE shall use the first TCI state as the QCL assumption.

- according to the spatial relation, if applicable, with areference to the RS configured with gcl-Type set to 'typeD'
in the activated TCI state with the lowest |D applicable to PDSCH in the active DL BWP of the CC if the UE is
not configured with any CORESET in the active DL BWP of the CC

6.2.1.1 UE SRS frequency hopping procedure

For agiven SRS resource, the UE is configured with repetition factor Re{ 1,2,4} or Re{1,2,3,4,5,6,7,8,10,12,14} by
higher layer parameter resourceMapping in SRS-Resource where R<Ns. When frequency hopping within an SRS
resource in each dot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in
al the N, symbolsto the same set of subcarriersin the same set of PRBs. When frequency hopping within an SRS

resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters By, Corgand
defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to

b hop
different sets of subcarriersin each OFDM symbol, where the same transmission comb value is assumed for different
sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns
> 4, R> 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within

each set of R adjacent OFDM symbols, and frequency hopping across the % setsis according to the SRS hopping
parameters Bgrg, Cszs@nd by, . Where N should be divisible by R.

For operation with shared spectrum channel access, the UE does not expect that multiple hops of an SRS resource
transmission arein different RB sets.

A UE may be configured Ny = 2,4,8,10,12 or 14 adjacent symbol aperiodic SRS resource with intra-sl ot frequency
hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across N

symbols when frequency hopping is configured with R=1. A UE may be configured Ns> 4 adjacent symbols aperiodic
SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded

with an equal-size subband across% sets of R adjacent OFDM symbols, when frequency hopping is configured with R

> 2, Ns> Rand Ns should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the same set of
subcarriers within each set of R adjacent OFDM symbols of the resource.

A UE may be configured N, =1 symbol periodic or semi-persistent SRS resource with inter-slot hopping within a

bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured Ny =
2,4,8,10,12 or 14 symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a
bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns> 4, when
frequency hopping is configured with R> 2, intra-slot and inter-slot hopping is supported with each of the antenna ports

of the SRS resource mapped to different sets of subcarriers across % sets of R adjacent OFDM symbol(s) of the

resource in each slot, where N, should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the
same set of subcarriers within each set of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when
frequency hopping is configured, inter-slot frequency hopping is supported with each of the antenna ports of the SRS
resource mapped to the same set of subcarriersin R adjacent OFDM symbol(s) of the resource in each slot.

6.2.1.2 UE sounding procedure for DL CSI acquisition

When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as ‘antennaSwitching', the UE
may be configured with only one of the following configurations depending on the indicated UE capability
supportedSRS TxPortSwitch ('t1r2' for 1T2R, 't1rl-t1r2' for IT=1R/1T2R, 't2r4' for 2T4R, 't1r4’ for 1T4R, 't1r6' for
1T6R, 't1r8 for 1T8R, 't2r6' for 2T6R, 't2r8' for 2T8R, 't4r8' for 4T8R, 't1rl-t1r2-t1r4’ for IT=1R/1T2R/1T4R, 't1r4-
t2r4' for 1TAR/2TAR, 't1rl-t1r2-t2r2-t2r4' for IT=1R/1T2R/2T=2R/2T4R, 't1r1-t1r2-t2r2-t1r4-t2r4' for
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1T=1R/1T2R/2T=2R/1TAR/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, 't4r4 for 4T=4R, or
t1r1-t2r2-t4r4’ for IT=1R/2T=2R/4AT=4R):

For 1T2R, if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration]:

when the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets] only, then up to two SRS resource sets with resourceType in SRS-ResourceSet set to 'semi-
persistent’ and up to one SRS resource set with resourceType in SRS-ResourceSet set to ‘periodic’ can be
configured, or up to two SRS resource sets configured with a different value for the higher layer parameter
resourceType in SRS ResourceSet can be configured, where the two SRS resource sets configured with ‘semi-
persistent’ are not activated at the same time, each SRS resource set has two SRS resources transmitted in
different symbols, each SRS resourcein agiven set consisting of asingle SRS port, and the SRS port of the
second resource in the set is associated with a different UE antenna port than the SRS port of the first
resource in the same set.

when the UE isindicating a capability for [extension of aperiodic antenna switching SRS configuration] only,
then up to two SRS resource sets with resourceType in SRS-ResourceSet set to ‘aperiodic’ and up to one SRS
resource set with resourceType in SRS-ResourceSet set to ‘periodic’ or ‘'semi-persistent’ can be configured, or
up to two SRS resource sets configured with a different value for the higher layer parameter resourceTypein
SRS-ResourceSet can be configured. In the case of two resource sets with resourceType in SRS-ResourceSet
set to 'aperiodic', atotal of two SRS resources transmitted in different symbols of two different slots, and
where the SRS port pair of each SRS resource in the given two setsis associated with a different UE antenna
port pair and the two sets are each configured with one SRS resource. In the case of the one resource set with
resourceType in SRS-ResourceSet set to 'aperiodic' is configured, atotal of two SRS resources transmitted in
different symbols of one dot and where the SRS port of the second resource in the given set is associated
with a different UE antenna port than the SRS port of the first resource in the same set. Each SRS resource
set with 'resourceType' in SRS-ResourceSet set to ‘periodic' or 'semi-persistent' has two SRS resources
transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the
SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of
the first resource in the same set.

zero or one or two SRS resource sets configured with different value of resourceType in SRS ResourceSet set
to 'periodic’ or 'semi-persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and
maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceTypein
SRS-ResourceSet set to 'semi-persistent’ and up to one SRS resource set configured with resourceTypein
SRS-ResourceSet set to ‘periodic' if the UE isindicating a capability for [maximum 2 semi-persistent and
maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with 'semi-persistent’
are not activated at the same time. An SRS resource set has two SRS resources transmitted in different
symbols, each SRS resource in a given set consisting of asingle SRS port, and the SRS port of the second
resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the
same set, and

zero or one SRS resource set with resourceType in SRS-ResourceSet set to ‘aperiodic' if the UE is not
indicating a capability for [extension of aperiodic antenna switching SRS configuration], or up to two SRS
resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE isindicating a
capability for [extension of aperiodic antenna switching SRS configuration], where in the case of one
resource set, atotal of two SRS resources transmitted in different symbols of one slot and where the SRS port
of the second resource in the given set is associated with a different UE antenna port than the SRS port of the
first resource in the same set. In the case of two resource sets, atotal of two SRS resources transmitted in
different symbols of two different dots, and where the SRS port of each SRS resource in the given two setsis
associated with a different UE antenna port. The two sets are each configured with one SRS resource, or

otherwise, for 1T2R, up to two SRS resource sets configured with a different value for the higher layer
parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different
symbols, each SRS resource in a given set consisting of asingle SRS port, and the SRS port of the second
resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the
same set, or

For 2T4R, if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration]:
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when the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets] only, then up to two SRS resource sets with resourceType in SRS-ResourceSet set to 'semi-
persistent' and up to one SRS resource set with resourceType in SRS-ResourceSet set to ‘periodic' can be
configured, or up to two SRS resource sets configured with a different value for the higher layer parameter
resourceType in SRS-ResourceSet can be configured, where the two SRS resource sets configured with ‘semi-
persistent’ are not activated at the same time, each SRS resource set has two SRS resources transmitted in
different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the
second resource is associated with a different UE antenna port pair than the SRS port pair of the first
resource.

when the UE isindicating a capability for [extension of aperiodic antenna switching SRS configuration] only,
then up to two SRS resource sets with resourceType in SRS-ResourceSet set to ‘aperiodic’ and up to one SRS
resource set with resourceType in SRS-ResourceSet set to ‘periodic’ or ‘'semi-persistent’ can be configured, or
up to two SRS resource sets configured with a different value for the higher layer parameter resourceTypein
SRS-ResourceSet can be configured. In the case of two resource sets with resourceType in SRS-ResourceSet
set to 'aperiodic’, atotal of two SRS resources transmitted in different symbols of two different dots, and
where the SRS port pair of each SRS resource in the given two setsis associated with a different UE antenna
port pair and the two sets are each configured with one SRS resource. In the case of one resource set with
resourceType in SRS-ResourceSet set to 'aperiodic' is configured, atotal of two SRS resources transmitted in
different symbolsin the same dot, each SRS resource in a given set consisting of two SRS ports, and the SRS
port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of
the first resource. Each SRS resource set with ‘resourceType' in SRS-ResourceSet set to 'periodic' or 'semi-
persistent' has two SRS resources transmitted in different symbols, each SRS resource in a given set
consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE
antenna port pair than the SRS port pair of the first resource.

zero or one or two SRS resource sets configured with a different value for the higher layer parameter
resourceType in SRS-ResourceSet set to ‘periodic' or 'semi-persistent’ if the UE is not indicating a capability
for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets
configured with resourceType in SRS-ResourceSet set to 'semi-persistent’ and up to one SRS resource set
configured with resourceType in SRS-ResourceSet set to 'periodic' if the UE isindicating a capability for
[maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets
configured with 'semi-persistent' are not activated at the same time. Each SRS resource set has two SRS
resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and
the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port
pair of the first resource, and,

zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘aperiodic' if the UE is
not indicating a capability for [extension of aperiodic antenna switching SRS configuration], or up to two
SRS resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE isindicating
a capability for [extension of aperiodic antenna switching SRS configuration], where in the case of one
resource set, atotal of two SRS resources transmitted in different symbolsin the same slot, each SRS
resource in agiven set consisting of two SRS ports, and the SRS port pair of the second resourceis
associated with adifferent UE antenna port pair than the SRS port pair of the first resource. In the case of two
resource sets, atotal of two SRS resources transmitted in different symbols of two different slots, and where
the SRS port pair of each SRS resource in the given two setsis associated with a different UE antenna port
pair. The two sets are each configured with one SRS resource, or

- otherwise, up to two SRS resource sets configured with a different value for the higher layer parameter
resourceType in SRS-ResourceSet, where each SRS resource set has two SRS resources transmitted in different
symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second
resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or

- For 1T4R, if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration] and/or a
capability for 1 aperiodic SRS resource set for 1T4R,

zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' or 'semi-
persistent’ if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic
SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to
'semi-persistent’ and up to one SRS resource set configured with resourceType in SRS-ResourceSet set to
'‘periodic’ if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, where the two SRS resource sets configured with 'semi-persistent’ are not activated at the same
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time. Each SRS resource set has four SRS resources transmitted in different symbols, each SRS resourcein a
given set consisting of asingle SRS port, and the SRS port of each resource is associated with a different UE
antenna port, and

- zero or two SRS resource sets each configured with resourceType in SRS ResourceSet set to "aperiodic, if the
UE is not indicating a capability for extension of aperiodic antenna switching SRS configuration or a
capability for 1 aperiodic SRS resource set for 1T4R, or zero or one or two or four SRS resource sets each
configured with resourceType in SRS-ResourceSet set to ‘aperiodic' if the UE isindicating a capability for
[extension of aperiodic antenna switching SRS configuration] and a capability for 1 aperiodic SRS resource
set for 1T4R, or zero or two or four SRS resource sets each configured with resourceType in SRS
ResourceSet set to 'aperiodic' if the UE isindicating a capability for extension of aperiodic antenna switching
SRS configuration only, or zero or one or two SRS resource sets each configured with resourceTypein SRS
ResourceSet set to 'aperiodic' if the UE isindicating a capability for 1 aperiodic SRS resource set for 1T4R
only. In the case of one resource set, atotal of four SRS resources transmitted in different symbolsin the
same slot, and where the SRS port of each resource in the given set is associated with a different UE antenna
port. In the case of two resource sets atotal of four SRS resources transmitted in different symbols of two
different dots, and where the SRS port of each SRS resource in the given two setsis associated with a
different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured
with one SRS resource and the other set is configured with three SRS resources. In the case of four resource
sets, if UE is capableif supporting four sets, atotal of four SRS resources transmitted in different symbols of
four different slots, and where the SRS port of each SRS resource in the given four setsis associated with a
different UE antenna port. The four sets are each configured with one SRS resource. The UE shall expect that
the two or four sets are both configured with the same values of the higher layer parameters al pha, p0,
pathlossReferenceRS, and srs-Power Control AdjustmentStates in SRS-ResourceSet. The UE shall expect that
the value of the higher layer parameter aperiodicSRS-ResourceTrigger or the value of an entry in
AperiodicSRS-ResourceTriggerList in each SRS-ResourceSet is the same, and the value of the higher layer
parameter slotOffset in each SRS-ResourceSet is different. Or,

otherwise, for 1T4R,

- zero or one SRS resource set configured with higher layer parameter resourceType in SRS ResourceSet set to
'periodic’ or 'semi-persistent’ with four SRS resources transmitted in different symbols, each SRS resource in
agiven set consisting of asingle SRS port, and the SRS port of each resource is associated with a different
UE antenna port, and

- zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-Resour ceSet
set to "aperiodic’ and with atotal of four SRS resources transmitted in different symbols of two different slots,
and where the SRS port of each SRS resource in the given two setsis associated with a different UE antenna
port. The two sets are each configured with two SRS resources, or one set is configured with one SRS
resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are
both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-
Power Control AdjustmentStates in SRS-ResourceSet. The UE shall expect that the value of the higher layer
parameter aperiodicSRS-ResourceTrigger or the value of an entry in AperiodicSRS-ResourceTriggerList in
each SRS ResourceSet is the same, and the value of the higher layer parameter slotOffset in each SRS
ResourceSet is different. Or,

For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource can be configured,
where the number of SRS ports for each resourceis equa to 1, 2, or 4 if the UE is not indicating a capability for
[maximum 2 semi-persistent and maximum 1 periodic SRS resource sets]. Two SRS resource sets configured
with resourceType in SRS-ResourceSat set to 'semi-persistent’ and one SRS resource set configured with
resourceType in SRS ResourceSet set to ‘periodic’ can be configured and the two SRS resource sets configured with
'semi-persistent’ are not activated at the same time, or up to two SRS resource sets can be configured, if the UE is
indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where each
SRS resource set has one SRS resource, the number of SRS ports for each resource isequal to 1, 2, or 4, or

For 1T6R, zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic),
where in the case of one resource set has six SRS resources transmitted in different symbols, each SRS resource
in agiven set consisting of asingle SRS port, and the SRS port of the resource in the set is associated with a
different UE antenna port, and

For 1T6R, zero or one SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-
persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-
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persistent' if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, where the two SRS resource sets configured with 'semi-persistent’ are not activated at the same
time. Each SRS resource set has six SRS resources transmitted in different symbols, each SRS resourcein a
given set consisting of asingle SRS port, and the SRS port of the resource in the set is associated with a different
UE antenna port, and

- For 1T6R, zero or one or two or three SRS resource sets configured with resourceType in SRS-ResourceSet set to
‘aperiodic', where in the case of one resource set atotal of six SRS resources transmitted in different symbols,
each SRSresourcein agiven set consisting of asingle SRS port, and the SRS port of each resourcein the set is
associated with a different UE antenna port. In the case of two resource sets atotal of six SRS resources
transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in the given
two setsis associated with a different UE antenna port. In the case of three resource sets atotal of six SRS
resources transmitted in different symbols of three different dots, and where the SRS port of each SRS resource
in the given three setsis associated with a different UE antenna port, or

- For 1T8R, zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘periodic,
where in the case of one resource set has eight SRS resources transmitted in different symbols, each SRS
resource in agiven set consisting of asingle SRS port, and the SRS port of the resource in the set is associated
with a different UE antenna port, and

- For 1T8R, zero or one SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-
persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-
persistent' if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, where the two SRS resource sets configured with 'semi-persistent’ are not activated at the same
time. Each SRS resource set has eight SRS resources transmitted in different symbols, each SRS resourcein a
given set consisting of asingle SRS port, and the SRS port of the resource in the set is associated with a different
UE antenna port, and

- For 1T8R, zero or two or three or four SRS resource sets configured with resourceType in SRS-ResourceSet set
to 'aperiodic', where in the case of two resource sets atotal of eight SRS resources transmitted in different
symbols of two different slots, and where the SRS port of each SRS resource in the given two setsis associated
with a different UE antenna port. In the case of three resource sets atotal of eight SRS resources transmitted in
different symbols of three different sots, and where the SRS port of each SRS resource in the given three setsis
associated with a different UE antenna port. In the case of four resource sets atotal of eight SRS resources
transmitted in different symbols of four different slots, and where the SRS port of each SRS resource in the
given four setsis associated with a different UE antenna port, or

- For 2T6R, zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘periodic,
where in the case of one resource set has three SRS resources transmitted in different symbols, each SRS
resource in agiven set consisting of atwo SRS ports, and the SRS port pair of the resourcein the set is
associated with a different UE antenna port pair, and

- For 2T6R, zero or one SRS resource sets configured resourceType in SRS-ResourceSet set to 'semi-persistent’ if
the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource
setg], or up to two SRS resource sets configured with 'semi-persistent’ and up to one SRS resource set configured
with 'periodic' if the UE isindicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, where the two SRS resource sets configured with 'semi-persistent’ are not activated at the same
time. Each SRS resource set has three SRS resources transmitted in different symbols, each SRS resourcein a
given set consisting of atwo SRS ports, and the SRS port pair of the resource in the set is associated with a
different UE antenna port pair, and

- For 2T6R, zero or one or two or three SRS resource sets configured with resourceType in SRS-ResourceSet set to
‘aperiodic, where in the case of one resource set has three SRS resources transmitted in different symbols, each
SRS resourcein agiven set consisting of atwo SRS ports, and the SRS port pair of the resourcein the set is
associated with a different UE antenna port pair. In the case of two resource sets atotal of three SRS resources
transmitted in different symbols of two different slots, and where the SRS port pair of each SRS resource in the
given two setsis associated with a different UE antenna port pair. One set is configured with two SRS resources
and another set with one resource. In the case of three resource sets atotal of three SRS resources transmitted in
different symbols of three different dots, and where the SRS port pair of each SRS resource in the given three
setsis associated with a different UE antenna port pair, or
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- For 2T8R, zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘periodic,
where in the case of one resource set has four SRS resources transmitted in different symbols, each SRS resource
in agiven set consisting of atwo SRS ports, and the SRS port pair of the resource in the set is associated with a
different UE antenna port pair, and

- For 2T8R, zero or one SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-
persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS
resource sets|, or up to two SRS resource sets configured with 'semi-persistent’ and up to one SRS resource set
configured with 'periodic' if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1
periodic SRS resource sets], where the two SRS resource sets configured with 'semi-persistent' are not activated
at the same time. Each SRS resource set has four SRS resources transmitted in different symbols, each SRS
resource in agiven set consisting of atwo SRS ports, and the SRS port pair of the resource in the set is
associated with a different UE antenna port pair, and

- For 2T8R, zero or one or two or three or four SRS resource sets configured with resourceType in SRS
ResourceSet set to ‘aperiodic’, where in the case of one resource set has four SRS resources transmitted in
different symbols, each SRS resourcein agiven set consisting of atwo SRS ports, and the SRS port pair of the
resource in the set is associated with a different UE antenna port pair. In the case of two resource sets a total of
four SRS resources transmitted in different symbols of two different dots, and where the SRS port pair of each
SRS resource in the given two setsis associated with a different UE antenna port pair. In the case of three
resource sets atotal of four SRS resources transmitted in different symbols of three different slots, and where the
SRS port pair of each SRS resource in the given three sets is associated with a different UE antenna port pair.
Two sets are configured with one SRS resource in each set and one resource set is configured with two
resources. In the case of four resource sets atotal of four SRS resources transmitted in different symbols of four
different slots, and where the SRS port pair of each SRS resource in the given four setsis associated with a
different UE antenna port pair. Four sets are configured with one SRS resource in each set, or

- For 4T8R, zero or one or two SRS resource set configured with a different value of resourceTypein SRS
ResourceSet set to 'periodic' or 'semi-persistent’ if the UE is not indicating a capability for [maximum 2 semi-
persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with 'semi-
persistent’ and up to one SRS resource set configured with ‘periodic’ if the UE isindicating a capability for
[maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets
configured with 'semi-persistent’ are not activated at the same time. Each SRS resource set has two SRS
resources transmitted in different symbols, each SRS resource in a given set consisting of afour SRS ports, and
the SRS ports of the resource in the set are associated with a different UE antenna ports, or

- For 4T8R, zero or one or two SRS resource sets configured with resourceType in SRS-ResourceSet set to
‘aperiodic', where in the case of one resource set has two SRS resources transmitted in different symbols, each
SRS resourcein agiven set consisting of afour SRS ports, and the SRS ports of the resource in the set are
associated with a different UE antenna ports. In the case of two resource sets atotal of two SRS resources are
transmitted in different symbols of two different slots, and where the SRS ports of each SRS resource in the
given two sets are associated with a different UE antenna ports.

The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case
the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
For two SRS resource sets of an antenna switching located in two consecutive slots, if UE is capable of transmitting
SRSin al symbolsin one dot, aguard period of Y symbols exists between the last OFDM symbol occupied by the SRS
resource set in the first dot and the first OFDM symbol occupied by the SRS resource set in the second slot.

For the inter-set guard period, the UE does not transmit any other signal on any symbols of the interval if the interval
between SRS resource setsis 'Y symbols.

- When both the SRS resource on all of the corresponding symbols prior to the gap and the SRS resource on all of
the corresponding symbols after the gap are dropped due to collision handling, the gap period is also dropped
with same priority and can be used for UL transmission.

The UE shall expect to be configured with the same number of SRS ports for all SRS resourcesin the SRS resource
set(s) with higher layer parameter usage set as ‘antennaSwitching'.

For 1T2R, 1T4R or 2T4R, or 1T6R or 1T8R, 2T6R, 2T8R, 4T8R, the UE shall not expect to be configured or triggered
with more than one SRS resource set with higher layer parameter usage set as ‘antennaSwitching' in the same dot. For
1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set
with higher layer parameter usage set as ‘antennaSwitching' in the same symbol.
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The value of Y is defined by Table 6.2.1.2-1.

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for
antenna switching

y2 Af = 2% .15 [kHZ] Y [symbol]

0 15 1

1 30 1

2 60 1

3 120 2
6.2.1.3 UE sounding procedure between component carriers

For acarrier of aserving cell ¢, with ot formats comprised of DL and UL symbols, not configured for
PUSCH/PUCCH transmission, denote ¢, as the corresponding carrier of a serving cell whose UL transmissions are
temporarily suspended as signalled by higher layer parameter srs-SwitchFromServCelllndex and srs-
SwitchFromCarrier. Definethe set S(c,) = {c3, s1(c;) .- Sy_1(c3)} asthe set of carriers of serving cells that each
carrier meets one of the following conditions:

- s;(cy) isin the same band and same TAG asc;,;

s;(c,) isacarrier of inter-band CA with ¢, and s;(c,) isindicated through the capability signalling
ImpactedBands- SRS CS-v17 to be affected by the SRS switch from ¢, to ¢;;

wherel <i < N —1.

A UE can be configured with SRS resource(s) on a carrier ¢; with slot formats comprised of DL and UL symbols and
not configured for PUSCH/PUCCH transmission. For carrier ¢, the UE is configured with higher layer parameter srs-
SwitchFromServCelllndex and srs-SwitchFromCarrier the switching from carrier ¢ which is configured for
PUSCH/PUCCH transmission. During SRS transmission on carrier ¢, (including any interruption due to uplink or
downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carriersin the set

Sc2).

For an SRS transmission starting in symbol N, of carrier ¢; and a conflicting transmission in any carrier
within the set S(c;) starting in symbol N, the UE shall apply the prioritization / dropping rules in the remainder of
this clause taking into account:

- DCI(s) for which the time interval between the last symbol of PDCCH and N, isat least N, symbols and an
additional time duration Tggs,., and thetime interval between the last symbol of PDCCH and Ng isat least N,
symbols; and

- semi-persistent CSl reports or SRS considered active at least N, symbols and an additional time duration Tsgs,.¢
before N, , and considered active at least N, symbols before N;.

where Tgps,., = max{switchingTimeUL, switchingTimeDL}, and thetime interval unit of OFDM symbol is counted

based on the smaller subcarrier spacing across any carrier within the set S(c,), ¢; and their corresponding scheduling
cells.

The following prioritization rules shall be applied in case of collision between a transmission of SRS over carrier ¢,
and transmission of a physical signal/channel over acarrier of aserving cell in set S(c,)

- the UE shall not transmit SRS whenever SRS transmission (including any interruption due to uplink or downlink
RF retuning time[11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL
of SRS-SwitchingTimeNR) on the carrier of the serving cell ¢, and PUSCH/PUCCH transmission carrying
HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH on acarrier of aserving cell in set S(c,) happen to
overlap in the same symbol

- the UE shall not transmit a periodic/semi-persistent SRS whenever periodic/semi-persistent SRS transmission
(including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher
layer parameters switchingTimeUL and switchingTimeDL of SRS SwitchingTimeNR) on the carrier of the serving
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cell ¢, and PUSCH transmission carrying aperiodic CSl on a carrier of aserving cell in set S(c,) happen to
overlap in the same symbol

- the UE shall drop PUCCH/PUSCH transmission carrying periodic/semi-persistent CSI comprising only
CQI/PMI/L1-RSRP/L1-SINR, and/or SRS transmission on a carrier of a serving cell in set S(c,) configured for
PUSCH/PUCCH transmission whenever the transmission and SRS transmission (including any interruption due
to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL
and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell ¢, happen to overlap in the
same symbol

- the UE shall drop PUSCH transmission carrying aperiodic CSlI comprising only CQI/PMI/L1-RSRP/L1-SINR
on acarrier of aserving cell in set S(c,) whenever the transmission and aperiodic SRS transmission (including
any interruption due to uplink or downlink RF retuning time [11, TS 38.133]) as defined by higher layer
parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell
¢, happen to overlap in the same symbol.

For an aperiodic SRStriggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeA', and given by SRS-Carrier Switching, without PUSCH/PUCCH transmission, the order of
the triggered SRS transmission on the serving cells follow the order of the serving cellsin the indicated set of serving
cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource
set(s) from srs-ResourceSetToAddModList with higher layer parameter usage set to ‘antennaSwitching' and higher layer
parameter resourceType in SRS-ResourceSet set to 'aperiodic'.

For an aperiodic SRStriggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the
serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving
cell transmits the configured one or two SRS resource set(s) from srs-ResourceSetToAddModList with higher layer
parameter usage set to ‘antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to
‘aperiodic'.

If the UE is not configured for PUSCH/PUCCH transmission on carrier ¢, with slot formats comprised of DL and UL
symbols, and if the UE is not capable of simultaneous reception and transmission on carrier ¢; and serving cell c,, the
UE is not expected to be configured or indicated with SRS resource(s) such that SRS transmission on carrier ¢,
(including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer
parameters switchingTimeUL and switchingTimeDL of SRS SwitchingTimeNR) would collide with the RES
corresponding to the SS/'PBCH blocks configured for the UE or the slots belonging to a control resource set indicated
by MIB or SIB1 on serving cell c..

For n-th (n > 1) aperiodic SRS transmission on acell ¢, upon detection of a positive SRS request on agrant, the UE shall commence
this SRS transmission on the configured symbol and slot provided

- itisno earlier than the summation of

- the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of
cell ¢ and the cell carrying the grant respectively, and

- theUL or DL RF retuning time[11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of SRS SwitchingTimeNR,

- it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time,
except if the previous SRS transmission isin the same cell ¢ and the UE reports SRS-StaylnTargetCC for the
corresponding band combination.

otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit
of symbols, between the DCI triggering and aperiodic SRS transmission.

In case of inter-band carrier aggregation, a UE can simultaneously transmit SRS and PUCCH/PUSCH across
component carriersin different bands subject to the UE's capability.

In case of inter-band carrier aggregation, a UE can simultaneoudly transmit PRACH and SRS across component carriers
in different bands subject to UE's capability.

If the UE is not configured for PUSCH/PUCCH transmission for at least one serving cell configured with slot formats
comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on serving
cell ¢i1and serving cell s(cy), and if aUE
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- isconfigured with multiple serving cells and is provided with directional CollisionHandling-r16 = 'enabled’ for a
set of serving cell(s) among the configured multiple serving cellsincluding serving cell ¢i and s(c), and

- indicates support of half-DuplexTDD-CA-SameSCSr16 capability, and
- isnot configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,

the UE shall apply first the prioritization/dropping rules described above for sounding procedure between component
carriers and then apply the procedures for directional collision handling in clause 11.1 of [6, TS 38.213].

6.2.1.4 UE sounding procedure for positioning purposes

When the SRS is configured by the higher layer parameter SRS-PosResource and if the higher layer parameter
gpatialRelationlnfoPos is configured, it contains the ID of the configuration fields of areference RS according to
Clause 6.3.2 of [TS 38.331]. Thereference RS can be an SRS configured by the higher layer parameter SRS-Resource
or SRS-PosResource, CSI-RS, SS/PBCH block, or a DL PRS configured on a serving cell or a SS/PBCH block or aDL
PRS configured on a non-serving cell. If the UE is configured for transmission of SRS-PosResource in
RRC_INACTIVE mode, the configured spatial RelationlnfoPos is also applicable.

The UE is not expected to transmit multiple SRS resources with different spatia relations in the same OFDM symbol.

If the UE is not configured with the higher layer parameter spatial RelationlnfoPos the UE may use a fixed spatial
domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource
across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS
resources.

In RRC_CONNECTED mode, the UE is only expected to transmit an SRS configured by the higher layer parameter
SRS-PosResource within the active UL BWP of the UE.

When the configuration of SRS is done by the higher layer parameter SRS-PosResource, the UE can only be provided
with asingle RS source in spatial RelationlnfoPos per SRS resource for positioning.

For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource collides with a
scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs.

The UE does not expect to be configured with SRS-PosResource on a carrier of a serving cell with ot formats
comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission.

Timing Error Group (TEG) at UE sideis defined:

- UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose,
which have the Tx timing error difference within a certain margin.

The UE may be configured to report, subject to UE capability, association information of the already transmitted SRS
resource(s) configured by the higher layer parameter SRS-PosResource with UE Tx TEG(s) via higher layer parameter
nr-SRS-TXTEG-Set or ue-TXTEG-AssociationList.

If the UE reports a UE Tx TEG ID with a UE Rx-Tx time difference measurement, as defined in clause 5.1.6.5, the UE
shall report the association information of the already transmitted SRS resources configured by the higher layer
parameter SRS-PosResource with the UE Tx TEG ID.

If the UE is configured with SRS resources configured by the higher layer parameter SRS-PosResource in multiple CCs,
the UE should report the carrierFreq or servCellld of the SRS resources when it reports the UE Tx TEG associations.

If the UE reports a UE RxTx TEG ID with a UE Rx-Tx time difference measurement, the UE may report a Tx TEG ID.

Subject to UE capability, the UE may be configured with an SRS resource for positioning associated with the initial UL
BWP, and the SRS resource is transmitted inside the initial UL BWP during RRC_INACTIVE mode with the same CP
and numerology as configured for the initial UL BWP. Subject to UE capability, the UE may be configured with an
SRS resource for positioning outside the initial BWP including frequency location and bandwidth, numerology, and CP
length for transmission of the SRS in RRC_INACTIVE mode. If the transmission of SRS for positioning outside the
initial BWP in RRC_INACTIVE mode with the switching time in unpaired spectrum, subject to UE capability, collides
in time domain with other DL signals or channels or UL signals or channels, the SRS for positioning transmission is
dropped in the symbol (s) where the collision occurs. If the transmission of SRS for positioning outside the initial BWP
in RRC_INACTIVE mode with the switching time in paired spectrum or SUL band, subject to UE capability, collides
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in time domain with UL signals or channels on the same carrier, the SRS for positioning transmission is dropped in the
symbol(s) where the collision occurs. The SRS resource for positioning outside the initial BWP in RRC_INACTIVE
mode is configured in the same band and CC asthe initial UL BWP.

If the UE in RRC_INACTIVE mode determines that the UE is not able to accurately measure the configured DL RS in
SRS-Satial RelationlnfoPos for a SRS resource for positioning where the DL RS is semi-persistent or periodic, the UE
stops transmission of the SRS resource for positioning.

The UE is not expected to simultaneously transmit SRS resources configured by the higher layer parameter SRS
PosResource on NUL and SUL band in RRC_INACTIVE mode.

6.2.2 UE DM-RS transmission procedure

The DM-RS transmission procedures for PUSCH scheduled by PDCCH with DCI format 0_1 described in this clause
equally apply to PUSCH scheduled by PDCCH with DCI format 0_2, by applying the parameters of dmrs-

UplinkFor PUSCH-MappingTypeA-DCI-0-2 and dmrs-UplinkForPUSCH-MappingTypeB-DCI-0-2 instead of dmrs-
UplinkFor PUSCH-MappingTypeA and dmrs-UplinkFor PUSCH-MappingTypeB.

When transmitted PUSCH is neither scheduled by DCI format 0_1/0_2 with CRC scrambled by C-RNTI, CS-RNTI,
SP-CSI-RNTI or MCS-C-RNTI, nor corresponding to a configured grant, nor being a PUSCH for Type-2 random
access procedure, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the
remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with
alocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be
transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211]
for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled,
and

If frequency hopping is disabled:

- The UE shall assume dmrs-Additional Position equalsto 'pos2' and up to two additional DM-RS can be
transmitted according to PUSCH duration, or

If frequency hopping is enabled:

- The UE shall assume dmrs-Additional Position equals to 'posl’ and up to one additional DM-RS can be
transmitted according to PUSCH duration.

When transmitted PUSCH is scheduled by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE shall
use single symbol front-loaded DM-RS of configuration type provided by higher layer parameter dmrs-Type in DMRS-
UplinkConfig on DM-RS port 0 and the remaining RESs not used for DM-RS in the symbols are not used for any
PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding
disabled, and additional DM-RS with dmrs-Additional Position from ConfiguredGrantConfig can be transmitted
according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for
frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled.

For the UE-specific reference signals generation as defined in Clause 6.4.1.1 of [4, TS 38.211], a UE can be configured

by higher layers with one or two scrambling identity(s), n;5 " i = 0,1 which are the same for both PUSCH mapping

Type A and Type B.

When transmitted PUSCH is scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI
or MCS-C-RNTI, or corresponding to a configured grant, or being a PUSCH for Type-2 random access procedure,

- for aconfigured-grant based PUSCH transmission in RRC_INACTIVE state, the UE is provided with a set of
DM-RS port(s) by sdt-DMRSports. The DM-RS port for the PUSCH is determined by the mapping between
SS/PBCH block(s) and a PUSCH occasion and the associated DM-RS resource as described in Clause 19.1 of [6,
TS38.213].

- the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured
DM-RS configuration typeis used for transmitting PUSCH in as defined in Clause 6.4.1.1 of [4, TS 38.211].

- the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher
layer parameter maxLength in DMRS-UplinkConfig, or by higher layer parameter msgA-MaxLength in msgA-
DMRS-Config,
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- if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by
the configured grant configuration, and the UE can be configured with a number of additional DM-RS for
PUSCH by higher layer parameter dmrs-Additional Position, which can be 'pos0’, 'posl’, 'pos2, 'pos3'.

- if maxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the
UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number
of additional DM-RS for PUSCH by higher layer parameter dmrs-Additional Position, which can be 'pos0' or
'posl'.

- for msgA PUSCH for Type-2 random access procedure the UE can be configured with a number of
additional DM-RS for PUSCH by higher layer parameter msgA-DMRS-Additional Position, which can be
'pos0’, ‘posl’, ‘pos2’, 'pos3’ for single-symbol DM-RS or 'pos0', 'posl’ for double-symbol DM-RS.

- and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table
6.4.1.1.3-4in-Clause 6.4.1.1.3 of [4, TS 38.211].

If a UE transmitting PUSCH scheduled by DCI format O_2 is configured with the higher layer parameter
phaseTrackingRSin dmrs-UplinkFor PUSCH-MappingTypeA-DCI-0-2 or dmrs-UplinkFor PUSCH-
MappingTypeB-DCI-0-2, or a UE transmitting PUSCH scheduled by DCI format 0_0 or DCI format 0_1 is
configured with the higher layer parameter phaseTrackingRSin dmrs-UplinkFor PUSCH-MappingTypeA or
dmrs-UplinkFor PUSCH-MappingTypeB, the UE may assume that the following configurations are not occurring
simultaneoudly for the transmitted PUSCH

- any DM-RS ports among 4-7 or 6-11 for DM-RS configurations type 1 and type 2, respectively are scheduled for
the UE and PT-RSis transmitted from the UE.

For PUSCH scheduled by DCI format 0_1, by activation DCI format 0_1 with CRC scrambled by CS-RNTI, or
configured by configured grant Type 1 configuration, the UE shall assume the DM-RS CDM groups indicated in Tables
7.3.1.1.2-6 10 7.3.1.1.2-23 of Clause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where "1", "2" and "3"
for the number of DM-RS CDM group(s) correspond to CDM group 0, { 0,1}, {0,1,2}, respectively.

For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE
shall assume the number of DM-RS CDM groups without datais 1 which corresponds to CDM group O for the case of
PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, the UE shall assume
that the number of DM-RS CDM groups without data is 3 which corresponds to CDM group {0,1,2} for the case of
PUSCH scheduled by activation DCI format 0_0 and the dmrs-Type in DMRS-UplinkConfig equal to 'type2' and the
PUSCH alocation duration being more than 2 OFDM symbols, and the UE shall assume that the number of DM-RS
CDM groups without datais 2 which correspondsto CDM group {0,1} for all other cases.

For MsgA PUSCH transmission, if the UE is not configured with msgA-PUSCH-DMRS-CDM-group, the UE shall
assume that 2 DM-RS CDM groups are configured. Otherwise, msgA-PUSCH-DMRS-CDM-group indicates which
DM-RS CDM group to use from the set of {0,1}.

For MsgA PUSCH transmission, if the UE is not configured with msgA-PUSCH-NrofPorts, the UE shall assume that 4
ports are configured per DM-RS CDM group for double-symbol DM-RS. Otherwise, msgA-PUSCH-NrofPorts with
value of 0 indicates the first port per DM-RS CDM group, while avalue of 1 indicates the first two ports per DM-RS
CDM group.

For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE ( fpyrs [0B]) is
given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data. The DM-RS scaling factor

7ﬂwrs

ﬂw specified in clause 6.4.1.1.3 of [4, TS 38.211] is given by ,BPDUM; =10 ® |

Table 6.2.2-1: The ratio of PUSCH EPRE to DM-RS EPRE

Number of DM-RS CDM DM-RS configuration type 1 DM-RS configuration type 2
groups without data
1 0dB 0dB
2 -3dB -3dB
3 - -4.77 dB

ETSI



3GPP TS 38.214 version 17.3.0 Release 17 197 ETSI TS 138 214 V17.3.0 (2022-09)

For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based
on the allocation duration of the actual repetition. A UE is not expected to be indicated with an antenna port
configuration that isinvalid for the allocated duration of any actua repetition.

6.2.3 UE PT-RS transmission procedure

The procedures on PT-RS transmission described in this clause as well as clauses 6.2.3.1 and 6.2.3.2 apply to a UE
PUSCH transmission scheduled by DCI format 0_2 if the higher layer parameter phaseTrackingRSin dmrs-
UplinkForPUSCH-MappingTypeA-DCI-0-2 or dmrs-UplinkFor PUSCH-MappingTypeB-DCI-0-2 is configured, to
PUSCH transmissions scheduled by DCI format 0_0 or format O_1 if the higher layer parameter phaseTrackingRSin
dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkFor PUSCH-MappingTypeB is configured and PUSCH
transmissions corresponding to a configured grant if the higher layer parameter phaseTrackingRSin cg-DMRS
Configuration is configured. If aUE is not configured with the higher layer parameter phaseTrackingRSin the
respective DMRS -UplinkConfig, the UE shall not transmit PT-RS. The PT-RS isonly present on PUSCH scheduled by
PDCCH with CRC scrambled by MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI and on PUSCH corresponding to a
configured grant. For PUSCH repetition Type B, the PT-RS transmission procedure is applied for each actual repetition
separately based on the allocation duration of the actual repetition.

6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled

When transform precoding is not enabled and if a UE is configured with the higher layer parameter phaseTrackingRSin
DMRS-UplinkConfig,

- the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig indicate the threshold
values ptrs-MCS, i=1,2,3 and Nrg; , i=0,1, asshown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively.

- if either or both higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig are
configured, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the
corresponding scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table
6.2.3.1-1 and Table 6.2.3.1-2, respectively,

- if the higher layer parameter timeDensity is not configured, the UE shall assume Lpr-rs= 1.
- if the higher layer parameter frequencyDensity is not configured, the UE shall assume Kpr.rs = 2.

- if none of the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig are configured,
the UE shall assume Lprrs=1 and Kprrs = 2.

Table 6.2.3.1-1: Time density of PT-RS as a function of scheduled MCS

Scheduled MCS

Time density( Lppro)

Imcs < ptrs-MCS1

PT-RS is not present

ptrs-MCS1 < lucs < ptrs-MCS2 4
ptrs-MCS2 < lvcs < ptrs-MCS3 2
ptrs-MCS3 < lvcs < ptrs-MCS4 1

Table 6.2.3.1-2: Frequency density of PT-RS as a function of scheduled bandwidth

Scheduled bandwidth Frequency density ( Kpr_gs)

Nrs < NrBo PT-RS is not present
Nkeo < Nre < Nra1 2
Nre: < Nrs 4

The higher layer parameter PTRS-UplinkConfig provides the parameters ptrs-MCS, i=1,2,3 and with valuesin 0-29
when MCS Table 5.1.3.1-1 or Table 5.1.3.1-3 isused and 0-28 when MCS Table 5.1.3.1-2 is used, respectively. ptrs-
MC$A is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 or Table 5.1.3.1-3is
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used and 28 when MCS Table 5.1.3.1-2 isused. The higher layer parameter PTRS-UplinkConfig providesthe
parameters Nrgi i=0,1 with valuesin range 1-276.

If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCS = ptrs-MCS. 1,
then the time density Lprrs Of the associated row where both these thresholds appear in Table 6.2.3.1-1 is disabled. If the
higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds Ngs; =
Nrs,i+1, then the frequency density Kerrs of the associated row where both these thresholds appear in Table 6.2.3.1-2 is
disabled.

If either or both of the parameters PT-RS time density (Ler.rs) and PT-RS frequency density (Kpr-rs), shown in Table
6.2.3.1-1 and Table 6.2.3.1-2, indicates that are configured as 'PT-RS not present’, the UE shall assume that PT-RSis
not present.

When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbolsor less, and if Lpr.rsis set to 2 or 4,
the UE shall not transmit PT-RS. When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols or
less, and if Ler.rsis set to 4, the UE shall not transmit PT-RS.

When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with Iycs > V, where V = 28 for
MCSTable5.1.3.1-1 and MCS Table 5.1.3.1-3 and V = 27 for MCS Table 5.1.3.1-2, respectively, the MCS for PT-RS
time-density determination is obtained from the DCI for the same transport block in the initial transmission, which is
smaller than or equal to V.

The maximum number of configured PT-RS portsis given by the higher layer parameter maxNrofPortsin PTRS
UplinkConfig. The UE is not expected to be configured with alarger number of UL PT-RS portsthan it has reported
need for.

If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL
PT-RS portsto be configured as one if UL-PTRS is configured.

For codebook or non-codebook based UL transmission, the association between UL PT-RS port(s) and DM-RS port(s)
issignalled by PTRS-DMRS association field(s) in DCI format 0_1 and DCI format 0_2. For a PUSCH corresponding
to aconfigured grant Type 1 transmission, the UE may assume the association between UL PT-RS port(s) and DM-RS
port(s) defined by value 0 in Table 7.3.1.1.2-25 or value "00" in Table 7.3.1.1.1.2-26 described in Clause 7.3.1 of [5,
TS38.212].

For PUSCH scheduled by DCI format O_0 or by activation DCI format O_0, the UL PT-RS port is associated to DM-RS
port O.

For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on
SRI(s) in DCI format 0_1 and DCI format 0_2 or higher layer parameter sri-Resourcelndicator inrrc-
ConfiguredUplinkGrant. When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'noncodebook’, the
actual number of UL PT-RS port(s) to transmit corresponding to each SRS resource set is determined based on SRI(S)
corresponding to the associated SRS resource set or higher layer parameter sri-Resourcelndicator or sri-
Resourcelndicator2 corresponding to the associated SRS resource set in rrc-ConfiguredUplinkGrant. A UE is
configured with the PT-RS port index for each configured SRS resource by the higher layer parameter ptrs-Portlndex
configured by SRS-Config if the UE is configured with the higher layer parameter phaseTrackingRSin DMRS-
UplinkConfig. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports
are associated to the one UL PT-RS port.

For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is
determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of
layers field(s) in DCI format 0_1 and DCI format O_2 or configured by higher layer parameter
precodingAndNumber OfLayers:

- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the
actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as.

- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001
and 1003 in indicated TPMI(s) share PT-RS port 1.

- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna
port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with
the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port
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1003 in indicated TPMI(s), where 'x' and/or 'y" are given by DCI parameter 'PTRS-DMRS association' as
shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].

When the UE is scheduled with Qy={ 1,2} PT-RS port(s) in uplink and the number of scheduled layersis n.Z‘yJS,C H ,

- If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per

RE »

PUSCH
PTRS

isgivenby p

PUSCH
PTRS

PUSCH
= ~QprRs

[dB |, where o g™

is shown in the Table 6.2.3.1-3 according to

the higher layer parameter ptrs-Power, the PT-RS scaling factor p, - specified in clause6.4.1.2.2.1 of [4, TS

38.211] isgivenby S
DCl.

=10 =

PTRS

PUSCH
_PPTRS

and also on the 'Precoding Information and Number of Layers field in

- The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3 if not configured
or in case of non-codebook based PUSCH.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE «

PUSCH
PTRS

PUSCH
The number of PUSCH layers ( N )
UL- 1 2 3 4
PTRS- All Full Partial and Full Partial and Full Partial Non-
power/ | cases coherent non- coherent non- coherent coherent | coherent
USCH coherent coherent and and non-
PTRS and non- non- codebook
codebook codebook based
based based
00 0 3 3Qp-3 4.77 30Qp-3 6 30Qp 3Qp-3
01 0 3 3 4.77 4.77 6 6 6
10 Reserved
11 Reserved
6.2.3.2 UE PT-RS transmission procedure when transform precoding is enabled

When transform precoding is enabled and if a UE is configured with the higher layer parameter
transformPrecoder Enabled in PTRS-UplinkConfig,

- the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS
antenna ports' presence and PT-RS group pattern are afunction of the corresponding scheduled bandwidthin a
corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS s present when the
number of scheduled RBsislessthan Nrgo if Nreo > 1 or if the RNTI equals TC-RNTI.

- and the UE may be configured PT-RS time density Lpr-rs = 2 with the higher layer parameter
timeDensityTransformPrecoding. Otherwise, the UE shall assume Lpr.rs = 1.

- if the higher layer parameter sampleDensity indicates that the sample density thresholds Nrsi = Nrs,i+1, then the
associated row where both these thresholds appear in Table 6.2.3.2-1 is disabled.

Table 6.2.3.2-1: PT-RS group pattern as a function of scheduled bandwidth

Number of samples

Scheduled bandwidth per PT-RS group

Number of PT-RS groups

Nrso SNre < Nrs1
Nrsz < Nre < Nre2
Nre2 < Nre < Nres
Nrez < Nre < Nre4
Nres < Nres

| K~ NN
Al BN DN
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When transform precoding is enabled and if a UE is configured with the higher layer parameter
transformPrecoder Enabled in PTRS-UplinkConfig, the PT-RS scaling factor ' specified in Clause 6.4.1.2.2.2 of [4, TS
38.211] is determined by the scheduled modulation order as shown in table 6.2.3.2-2.

Table 6.2.3.2-2: PT-RS scaling factor (8') when transform precoding enabled.

Scheduled modulation | PT-RS scaling factor (8')
/2-BPSK 1
QPSK

1

16QAM 3/ J5
64QAM 7/ J21
256QAM 15/ x/8_5

6.3 UE PUSCH frequency hopping procedure

6.3.1 Frequency hopping for PUSCH repetition Type A and for TB
processing over multiple slots

For PUSCH repetition Type A other than the PUSCH scheduled by RAR UL grant or fallbackRAR UL grant or by DCI
format 0_0 with CRC scrambled by TC-RNTI and for TB processing over multiple slots (as determined according to
procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), aUE is
configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH
transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH
transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig
for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0
with CRC scrambled by TC-RNTI, aUE is configured for frequency hopping by the frequency hopping flag
information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with
CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:

- Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission, multi-slot
PUSCH transmission scheduled by DCI format O_1 or 0_2, each of multiple PUSCH transmissions scheduled by
aDCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured and each of
multiple configured grant PUSCH transmissions in a configuration where the higher layer parameters cg-
nrofSots and cg-nrofPUSCH-InS ot are provided.

- Inter-sot frequency hopping, applicable to multi-slot PUSCH transmission.

For operation with shared spectrum channel access, the UE does not expect that two hops of a PUSCH transmission are
in different RB sets.

In case of resource allocation type 2, the UE transmits PUSCH without frequency hopping.

In case of resource alocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE
may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a
random access response UL grant isset to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher
layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When
frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].

For a PUSCH scheduled by RAR UL grant, fallbackRAR UL grant, or by DCI format 0_0 with CRC scrambled by TC-
RNTI, frequency offsets are obtained as described in clause 8.3 of [6, TS 38.213]. Otherwise, for a PUSCH scheduled
by DCI format 0_0/0_1 or aPUSCH based on a Type2 configured UL grant activated by DCI format 0_0/0_1 and for
resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetListsin
pusch-Config. For aPUSCH scheduled by DCI format O_2 or a PUSCH based on a Type2 configured UL grant
activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer
parameter frequencyHoppingOffsetListsDCI-0-2 in pusch-Config.

- When the size of the active BWP isless than 50 PRBs, one of two higher layer configured offsetsisindicated in
the UL grant.
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- When the size of the active BWP is equa to or greater than 50 PRBs, one of four higher layer configured offsets
isindicated in the UL grant.

For PUSCH based on a Typel configured UL grant the frequency offset is provided by the higher layer parameter
frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.

For aMsgA PUSCH the frequency offset is provided by the higher layer parameter as described in [6, TS 38.213].

In case of intra-slot frequency hopping, the starting RB in each hop is given by:

RB,.. i=0
RB,,, = o
%t ) (RByy + By JMOANSZ, i =1

where i=0 and i=1 are the first hop and the second hop respectively, and RBg, isthe starting RB within the UL BWP,

as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2)
or as calculated from the resource assignment for MsgA PUSCH (described in [6, TS 38.213]) and RB ;4 iS the

frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by

NPUSCHs NPUSCHs —\_N PUSCHs

ymo | Zj, the number of symbols in the second hop is given by Ngny ymo ! Zj, where N[ 7571 is the

length of the PUSCH transmission in OFDM symbolsin one slot.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, or for inter-slot frequency
hopping for a PUSCH scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting
RB during slot n# isgiven by:

RB.., + RB modNSZ, n4mod2=1
Start offset BWP s

RB n“ mod2=0
RBgat (nél )= { st y

where n# isthe current slot number within a system radio frame, where amulti-slot PUSCH transmission can take
place, RBy,, isthestarting RB within the UL BWP, as calculated from the resource block assignment information of
resource allocation type 1 (described in Clause 6.1.2.2.2) and RB . iS the frequency offset in RBs between the two
frequency hops.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, and when a PUSCH is not
scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting RB during slot n# is

given by:

nt
u RBgtart lNIfHJ mod 2=0
RBstart(ns ) = size | nH
(RBstart + RBoffset)mOdNBWP lNIfHJ mod 2=1

where n! isthe current slot number within a system radio frame, Ny, is the value of the higher layer parameter
PUSCH-Frequencyhopping-Interval, RB,, isthe starting RB within the UL BWP, as calculated from the resource

block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and RB . iS the frequency
offset in RBs between the two frequency hops.

6.3.2 Frequency hopping for PUSCH repetition Type B

For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH,
or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter
frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by
frequencyHoppingDCI-0-1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by
frequencyHoppingPUSCH-RepTypeB provided in rrc-ConfiguredUplinkGrant for Type 1 configured PUSCH
transmission. The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the
activating DCI format. One of two frequency hopping modes can be configured:

- Inter-repetition frequency hopping
- Inter-dot frequency hopping
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For operation with shared spectrum channel access, the UE does not expect that two hops of a PUSCH transmission are
in different RB sets.

In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE
may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set
to 1, or if for aType 1 PUSCH transmission with a configured grant the higher layer parameter
frequencyHoppingPUSCH-RepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When
frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].

For aPUSCH scheduled by DCI format O_1 or aPUSCH based on a Type 2 configured UL grant activated by DCI
format 0_1 and for resource alocation type 1, frequency offsets are configured by higher layer parameter
frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format O_2 or aPUSCH based on a
Type 2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are
configured by higher layer parameter frequencyHoppingOffsetListsDCI-0-2 in pusch-Config.

- When the size of the active BWP isless than 50 PRBs, one of two higher layer configured offsetsisindicated in
the UL grant.

- When the size of the active BWP is equa to or greater than 50 PRBs, one of four higher layer configured offsets
isindicated in the UL grant.

For PUSCH based on a Typel configured UL grant the frequency offset is provided by the higher layer parameter
frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.

In case of inter-repetition frequency hopping, the starting RB for an actual repetition within the n-th nominal repetition
(asdefined in Clause 6.1.2.1) is given by:

j RB,_, nmod2 =0

RKWU”=“RB

o +RB Jmod N0 nmod2=1"

where RBg«ar is the starting RB within the UL BWP, as cal culated from the resource block assignment information of
resource allocation type 1 (described in Clause 6.1.2.2.2) and RBfis« iS the frequency offset in RBs between the two
frequency hops.

In case of inter-slot frequency hopping, the starting RB during slot n# follows that of inter-slot frequency hopping for
PUSCH Repetition Type A in Clause 6.3.1.

6.4 UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot
offset Kz and Kgtsat, if configured, and the start Sand length L of the PUSCH allocation indicated by 'Time domain
resour ce assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol
Lo, where L, is defined as the next uplink symbol with its CP starting

T,..=max((N,+d,, +d,)(2048+144)- k27 .7 +T,, +T,,,.d,, ) after the end of the reception of the last symbol of

proc,2 switch

the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. When the PDCCH
reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS
38.213], for the purpose of determining the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, the
PDCCH candidate that ends later in timeis used.

- Ngisbased on u of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where
corresponds to the one of (Hoc, Hu) resulting with the largest Tyroc2, Where the oL corresponds to the subcarrier
spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and
MuL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and
x isdefined in clause 4.1 of [4, TS 38.211].

- For operation with shared spectrum channel access, T_, is calculated according to [4, TS 38.211], otherwise T,
=0.

- If thefirst symbol of the PUSCH allocation consists of DM-RS only, then d»1 = 0, otherwise dy 1 = 1.
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- If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation
further includes the effect of timing difference between component carriers asgivenin [11, TS 38.133].

- If the scheduling DCI triggered a switch of BWP, d»2 equals to the switching time as defined in [11, TS 38.133],
otherwise d, 2=0.

- If aPUSCH of alarger priority index would overlap with PUCCH of a smaller priority index, d» for the PUSCH
of alarger priority is set as reported by the UE; otherwise d,= 0.

- For aUE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
isapplied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for
the cell and set to ‘enable,

- If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block
is multiplexed following the procedurein clause 9.2.5 of [6, TS 38.213], otherwise the transport block is
transmitted on the PUSCH indicated by the DCI.

- If uplink switching gap istriggered as defined in clause 6.1.6, T, equals to the switching gap duration and for
the UE configured with higher layer parameter uplinkTxSwitchingOption set to ‘dualUL' for uplink carrier
aggregation pur=min(HUuL carrier1, HuL carrier2), Otherwise T, =0.

Otherwise the UE may ignore the scheduling DCI.

Thevaueof T is used both in the case of normal and extended cyclic prefix.

proc ,2

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1

PUSCH preparation time Nz [symbols]

10
12
23
36
144
288

o|lalw(vk|lol

Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2

U PUSCH preparation time Nz [symbols]
0 5
1 5.5
2 11 for frequency range 1
7 UE procedures for transmitting and receiving on a

carrier with intra-cell guard bands

For operation with shared spectrum channel access for FR1, when the UE is configured with any of
IntraCellGuardBandsPer SCSfor UL carrier and for DL carrier with SCS configuration y, the UE is provided with
NRp-setx — 1 intra-cell guard bands on a carrier with 1, each defined by start CRB and size in number of CRBs,

GBY2™* and GBY“** , provided by higher layer parameters startCRB and nrofCRBs, respectively, where s €

{0,1, v NRBsetx — 2}. The subscript x is set to DL and UL for the downlink and uplink, respectively. Where there isno
risk of confusion, the subscript x can be dropped. The intra-cell guard bands separate Ngg_set x RB Sets, each defined by
start and end CRB, RB2"* and RBS"*, respectively. The UE does not expect that nrofCRBs is configured with non-

zero value smaller than the applicable intra-cell guard bands as specified in [8, TS 38.101-1] corresponding to u and

carrier size N;fj)‘(‘ The UE determines the start and end CRB indicesfor s € {0,1, ..., Ngg.serx — 1} @S
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0 s=0
start,u _ p Statu .
RBs,x - Ngrid,x + {GB?E?";C + GB?ie'l‘; otherwise

and

grid,x

RBYS™ = N3 +
¥ GBI — 1 otherwise

[Ngzeu -1 S = NRB-SEI,.X‘ -1
grid,x

The RB set with index s consists of RBS“** resource blocks where RB** = RBS™™ — RBS2™* + 1. When the UE
is not configured with IntraCellGuardBandsPer SCSfor u, the UE determines the CRB indices for the intra-cell guard
band(s), if any, and corresponding RB set(s) according to the nominal intra-cell guard band and RB set pattern as
specified in [8, TS 38.101-1] corresponding to x and carrier size Ngsr'f;jj . For either or both DL and UL, if the nominal
intra-cell guard band and RB set pattern as specified in [8, TS 38.101-1] contains no intra-cell guard bands, the number
of RB setsfor the carrier is Ngg_getx = 1.

For acarrier with i, the UE expects Nymo? = RB3oy " and Nyyh = RBS oS! — RBSgn* +1 where 0 < s0 < s1 <
Ngrp-setx — 1 for aBWP i configured by initial DownlinkBWP or BWP-Downlink for the DL BWP, or initial UplinkBWP
or BWP-Uplink for the UL BWP. Within the BWP i, RB sets are numbered in increasing order from 0 to Ngi'be, , — 1
where Ng¥'E. . isthe number of RB sets contained in the BWP i and RB set O within the BWP i corresponds to RB set

s0 inthe carrier and RB set N§¥ b » — 1 within the BWPi corresponds to RB set s1 in the carrier.

When a UE is provided with nrofCRBs = O for al intra-cell guard band(s) on a carrier with u, the UE isindicated that
no intra-cell guard-bands are configured for the carrier and expects Ngp_,, , > 1. For u = 0, the UE expectsthe
number of RBswithin a RB set is between 100 and 110. For 4 = 1, the UE expects the number of RBs within a RB set
is between 50 and 55 except for at most one RB set which may contain 56 RBs.

8 Physical sidelink shared channel related procedures

A UE can be configured by higher layers with one or more sidelink resource pools. A sidelink resource pool can be for
transmission of PSSCH, as described in Clause 8.1, or for reception of PSSCH, as described in Clause 8.3 and can be
associated with either sidelink resource allocation mode 1 or sidelink resource allocation mode 2.

In the frequency domain, a sidelink resource pool consists of sl-NumSubchannel contiguous sub-channels. A sub-
channel consists of sl-Subchannel Size contiguous PRBs, where sl-NumSubchannel and sl-Subchannel S ze are higher
layer parameters.

The set of slots that may belong to a sidelink resource pool is denoted by (t5", 3", -+, t3- ;) where
- 0<t1 <10240 x 24,0 < i < Tpay,
- thedot index isrelative to dot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN O,
- theset includes al the slots except the following slots,
Ng_gsp Slotsin which S-SS/PSBCH block (S-SSB) is configured,

Nponse Sotsin each of which at least one of Y-th, (Y+1)-th, ..., (Y+X-1)-th OFDM symbols are not semi-
statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the
serving cell if provided or d-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if
provided, where Y and X are set by the higher layer parameters d-StartSymbol and sl-LengthSymbols,
respectively.

- Thereserved slots which are determined by the following steps.

1) theremaining slotsexcluding Ns_gsp Slotsand N,,,,,s; Slotsfrom the set of all the slots are denoted by
Loy 1,5 Lino2a0x2B—Ng_ssp—Nnons,—1)) ATANGEd inincreasing order of slot index.
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2) adotl,. (0 <7 < 10240 X 2* — Ng_gsp — Nponst) belongsto thereserved slotsif r =
lm'(10240><21\l:—N5—SSB_NnonSL)J, herem = 0,1, -, Nyeserped — 1 @0 Nyosorpeq = (10240 X 24 — Ng_gop —
reserved

Nponst) Mod Lpipmap WHEre Ly;mq, denotes the length of bitmap configured by higher layers.

- Thedotsinthe set are arranged in increasing order of slot index.

The UE determines the set of dlots assigned to a sidelink resource pool as follows:

- abitmap (bo, by, ..., bLbitmap_]-) associated with the resource pool is used Where Ly;¢,q, the length of the bitmap
is configured by higher layers.

- adotti’ (0 < k < 10240 X 2# — Ns_ss5 — Nponst — Nreservea) DElONgsto the setif b,r = 1 where k' =
k mod Lyitmap-

- Thedotsin the set are re-indexed such that the subscriptsi of the remaining slots ¢';* are successive {0, 1, ...,
T’ max — 1} Where T',,, ., isthe number of the slots remaining in the set.

The UE determines the set of resource blocks assigned to a sidelink resource pool as follows:
- Theresource block pool consists of Npgzz PRBS.

- Thesub-channel mfor m = 0,1, -+, numSubchannel — 1 consists of a set of ng,,cusize CONtIGUOUS resource
blocks with the physical resource block number nprg = Ngupcrrpstart + M * Nsubchsize +J TOr j =
0,1, Neupchsize — 1, Where ng,pcurpstart @ Ngupcusize &€ given by higher layer parameters sl-StartRB-
Subchannel and dl-Subchannel Sze, respectively

A UE is not expected to use the last Npgp mod ng,,cnsize PRBS N the resource pool.

8.1 UE procedure for transmitting the physical sidelink shared
channel
Each PSSCH transmission is associated with an PSCCH transmission.

That PSCCH transmission carries the 1% stage of the SCI associated with the PSSCH transmission; the 2" stage of the
associated SCI is carried within the resource of the PSSCH.

If the UE transmits SCI format 1-A on PSCCH according to a PSCCH resource configuration in slot n and PSCCH
resource m, then for the associated PSSCH transmission in the same slot

- onetransport block is transmitted with up to two layers;
- The number of layers (v) is determined according to the 'Number of DMRS port' field in the SCI;

- Theset of consecutive symbols within the slot for transmission of the PSSCH is determined according to clause
8.1.21,

- The set of contiguous resource blocks for transmission of the PSSCH is determined according to clause 8.1.2.2;
Transform precoding is not supported for PSSCH transmission.
Only wideband precoding is supported for PSSCH transmission.

The DM-RS antenna ports |5, 5,.; | in Clause 8.4.1.1.2 of [4, TS38.211] are determined according to the ordering of
DM-RS port(s) given by Tables 8.3.1.1-3 in Clause 8.3.1.1 of [5, TS 38.212].

The UE shall set the contents of the SCI format 2-A as follows:
- the UE shall set value of the 'HARQ process number' field asindicated by higher layers.
- the UE shall set value of the 'NDI' field as indicated by higher layers.
- the UE shall set value of the 'Redundancy version' field asindicated by higher layers.
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- the UE shall set value of the 'Source ID' field as indicated by higher layers.
- the UE shall set value of the 'Destination ID' field as indicated by higher layers.
- the UE shall set value of the 'HARQ feedback enabled/disabled indicator' field as indicated by higher layers.
- the UE shall set value of the 'Cast type indicator’ field as indicated by higher layers.
- the UE shall set value of the 'CS request' field asindicated by higher layers.
The UE shall set the contents of the SCI formats 2-B as follows:
- the UE shall set value of the 'HARQ process number' field asindicated by higher layers.
- the UE shall set value of the 'NDI' field as indicated by higher layers.
- the UE shall set value of the 'Redundancy version' field as indicated by higher layers.
- the UE shall set value of the 'Source ID' field as indicated by higher layers.
- the UE shall set value of the 'Destination ID' field as indicated by higher layers.
- the UE shall set value of the 'HARQ feedback enabled/disabled indicator' field asindicated by higher layers.
- the UE shall set value of the 'Zone ID' field asindicated by higher layers.
- the UE shall set the ‘Communication range requirement' field asindicated by higher layers.
The UE shall set the contents of the SCI format 2-C as follows:
- the UE shall set value of the 'HARQ process number' field asindicated by higher layers.
- the UE shall set value of the 'NDI' field as indicated by higher layers.
- the UE shall set value of the '‘Redundancy version' field as indicated by higher layers.
- the UE shall set value of the 'Source ID' field as indicated by higher layers.
- the UE shall set value of the 'Destination ID' field as indicated by higher layers.
- the UE shall set value of the 'HARQ feedback enabled/disabled indicator' field asindicated by higher layers.
- the UE shall set value of the 'CS request’ field asindicated by higher layers.
- the UE shall set value of [request/coordination information flag] field as indicated by higher layers.

- if [Providing/Requesting indicator] indicates SCI format 2-C is used to convey an explicit request for inter-UE
coordination information:

- the UE shall set value of the ['Priority"] field asindicated by higher layers.

- the UE shall set value of the ['Number of subchannels] field asindicated by higher layers.

- the UE shall set value of the ['Resource reservation period] field asindicated by higher layers.

- the UE shall set value of the ['Resource selection window location'] field asindicated by higher layers.

the UE shall set value of the ['Resource set type'] field asindicated by higher layersif higher layer parameter
determl neResourceSetTypeSchemel is configured to 'UE-B's request’; otherwise this field is omitted.

- if [Providing/Requesting indicator] indicates SCI format 2-C is used to convey inter-UE coordination
information:

- the UE shall set value of the ['Resource set type] field asindicated by higher layers.
- the UE shall set value of the ['Resource combination(s) '] field (clause 8.1.5A) asindicated by higher layers.

- the UE shall set value of the ['Lowest subchannel indices] asindicated by higher layers
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- the UE shall set value of the ['First resource location] asindicated by higher layers

- the UE shall set value of the ['Reference slot location’] as indicated by higher layers

8.1.1  Transmission schemes

Only one transmission scheme is defined for the PSSCH and is used for all PSSCH transmissions.

PSSCH transmission is performed with up to two antenna ports, with antenna ports 1000-1001 as defined in clause 8.2.4
of [4, TS38.211].

8.1.2 Resource allocation

In sidelink resource allocation mode 1:

- for PSSCH and PSCCH transmission, dynamic grant, configured grant type 1 and configured grant type 2 are
supported. The configured grant Type 2 sidelink transmission is semi-persistently scheduled by aSL grantin a
valid activation DCI according to Clause 10.2A of [6, TS 38.213].
8.1.2.1 Resource allocation in time domain
The UE shall transmit the PSSCH in the same slot as the associated PSCCH.
The minimum resource allocation unit in the time domain is aslot.

The UE shall transmit the PSSCH in consecutive symbols within the slot, subject to the following restrictions:

- The UE shall not transmit PSSCH in symbols which are not configured for sidelink. A symbol is configured for
sidelink, according to higher layer parameters d-StartSymbol and dl-LengthSymbols, where 9-SartSymbol is the
symbol index of the first symbol of d-LengthSymbols consecutive symbols configured for sidelink.

- Within the slot, PSSCH resource allocation starts at symbol sl-StartSymbol+ 1.

- The UE shall not transmit PSSCH in symbols which are configured for use by PSFCH, if PSFCH is configured
inthisdot.

- The UE shal not transmit PSSCH in the last symbol configured for sidelink.

- The UE shall not transmit PSSCH in the symbol immediately preceding the symbols which are configured for
use by PSFCH, if PSFCH is configured in this slot.

In sidelink resource allocation mode 1:
- For sidelink dynamic grant, the PSSCH transmission is scheduled by aDCI format 3_0.
- For sidelink configured grant type 2, the configured grant is activated by a DCI format 3 0.
- For sidelink dynamic grant and sidelink configured grant type 2:

- The"Time gap" field value m of the DCI format 3_0 provides anindex m+ 1 into aslot offset table. That
tableis given by higher layer parameter l-DCI-ToSL-Trans and the table value at index m + 1 will be
referred to as slot offset K; .

- Thedot of thefirst sidelink transmission scheduled by the DCI isthefirst SL dlot of the corresponding
resource pool that starts not earlier than Tp, — T% + K, X Tyqr, Where T, isthe starting time of the

downlink dlot carrying the corresponding DCI, Tt is the timing advance value corresponding to the TAG of
the serving cell on which the DCI isreceived and K, isthe slot offset between the dot of the DCI and the
first sidelink transmission scheduled by DCI and Ty, isthe SL slot duration.

- The"Configuration index" field of the DCI format 3_0, if provided and not reserved, indicates the index of
the sidelink configured type 2.

- For sidelink configured grant type 1.
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- Thedot of thefirst sidelink transmissions follows the higher layer configuration according to [10, TS
38.321].
8.1.2.2 Resource allocation in frequency domain
The resource alocation unit in the frequency domain is the sub-channel.

The sub-channel assignment for sidelink transmission is determined using the " Frequency resource assignment” field in
the associated SCI.

The lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH
istransmitted.

If a PSSCH scheduled by a PSCCH would overlap with resources containing the PSCCH, the resources corresponding
to aunion of the PSCCH that scheduled the PSSCH and associated PSCCH DM-RS are not available for the PSSCH.

8.1.3 Modulation order, target code rate, redundancy version and
transport block size determination

The redundancy version is given by the "Redundancy version™ field in SCI format 2-A or 2-B.

8.1.3.1 Modulation order and target code rate determination
Imcsis given by the 'Modulation and coding scheme' field in SCI format 1-A.

The MCStableis determined as follows: Table 5.1.3.1-1 isused if no additional MCS table is configured by higher
layer parameter d-Additional-MCS-Table; otherwise an MCS table is determined according to Table 8.1.3.1-1 or Table
8.1.3.1-2 and 'Additional MCStable indicator' field in SCI format 1-A.

Table 8.1.3.1-1: Mapping of one bit of MCS table indicator to MCS table

MCS table indicator MCS table
'0' Table 5.1.3.1-1
"1 15t table provided by higher layer parameter sl-Additional-MCS-Table

Table 8.1.3.1-2: Mapping of two bits of MCS table indicator to MCS table

MCS table indicator MCS table
'00' Table 5.1.3.1-1
'01' 1%t table provided by higher layer parameter sl-Additional-MCS-Table
'10' 2" table provided by higher layer parameter sl-Additional-MCS-Table
11 reserved

The UE shall use Iucs and the M CS table determined according to the previous step to determine the modul ation order
(Qm) and Target code rate (R) used in the physical sidelink shared channel.

8.1.3.2 Transport block size determination

For the PSSCH assigned by SCI, if Table 5.1.3.1-2 isused and 0< | g < 27, Or atable other than Table 5.1.3.1-2is
used and 0< | ,c5 < 28, the UE shall first determine the TBS as specified below:

The UE shall first determine the number of RES (Nre) within the dlot.

- A UE first determines the number of REs allocated for PSSCH within a PRB (Nyg) by Nig =
NEP (N — NESHSH) — NER® — NBMFS, where

- NZREB =12 isthe number of subcarriersin a physical resource block,
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Nss;lmb = d-LengthSymbols -2, where d-LengthSymbols is the number of sidelink symbols within the slot
provided by higher layers,

NEoms™ = 3if 'PSFCH overhead indication’ field of SCI format 1-A indicates "1", and Ny 55" = 0
otherwise, if higher layer parameter d-PS-CH-Period is 2 or 4. If higher layer parameter sl-PSFCH-

Periodis0, NJimi" = 0. If higher layer parameter Sl-PSFCH-Period is 1, Noong! = 3.
NERB isthe overhead given by higher layer parameter sl-X-Overhead,

NERMRS js given by Table 8.1.3.2-1 according to higher layer parameter S-PSSCH-DMRS-
TimePatternList.

Table 8.1.3.2-1: N2¥R®S according to higher layer parameter sI-PSSCH-DMRS-TimePatternList

d-PSSCH-DMRS- TimePatternList Nigg"™

{2} 12

{3} 18

{4} 24

{2,3} 15

{2,4} 18

{34} 21

{234} 18

- A UE determines the total number of REs allocated for PSSCH ( Ngg) by Npp = N - nprg — Nast —
N3EM? where

ners 1S the total number of allocated PRBs for the PSSCH,

N3E"" isthe total number of REs occupied by the PSCCH and PSCCH DM-RS.

N3EM* is the number of coded modulation symbols generated for 2"-stage SCI transmission (prior to
duplication for the 2 |ayer, if present) according to Clause 8.4.4 of [5, TS 38.212], with the assumption
of y =0.

The UE determines TBS according to Steps 2), 3), and 4) in clause 5.1.3.2.

A UE isnot expected to receive an SCI indicating 28 < Iy < 31 if Table 5.1.3.1-2 isused, or 29 < [ys < 31

otherwise.

8.1.4

UE procedure for determining the subset of resources to be reported
to higher layers in PSSCH resource selection in sidelink resource
allocation mode 2

In resource allocation mode 2, the higher layer can request the UE to determine a subset of resources from which the
higher layer will select resources for PSSCH/PSCCH transmission. To trigger this procedure, in slot n, the higher layer
provides the following parameters for this PSSCH/PSCCH transmission:

the resource pool from which the resources are to be reported;

L1 priority, priogy;

the remaining packet delay budget;

the number of sub-channels to be used for the PSSCH/PSCCH transmissionin aslot, Lgpch;

optionally, the resource reservation interval, Py, 1x, in units of msec.
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if the higher layer requests the UE to determine a subset of resources from which the higher layer will select
resources for PSSCH/PSCCH transmission as part of re-eval uation or pre-emption procedure, the higher layer
provides a set of resources (1, 11, 13, --- ) Which may be subject to re-evaluation and a set of resources

(19,71, 13, -..) Which may be subject to pre-emption.

- itisupto UE implementation to determine the subset of resources as requested by higher layers before or
after thedot r’ - T, where ri’ is the ot with the smallest slot index among (g, 11,75, ... ) and (rg, 11, 13, ... ) ,
and T; isequal to T/, ;, where Tyr,. , isdefined in slotsin Table 8.1.4-2 where ug;, isthe SCS
configuration of the SL BWP.

Optionally, the indication of resource selection mechanism(s), as d-AllowedResourceSel ectionConfig, which
may comprise of full sensing only, partial sensing only, random resource selection only, or any combination(s)
thereof.

The following higher layer parameters affect this procedure:

d-SelectionWindowList: internal parameter T, iS Set to the corresponding value from higher layer parameter
d-SelectionWindowList for the given value of prioy.

d-Thres-RSRP-List: this higher layer parameter provides an RSRP threshold for each combination (pl-, P j),
where p; isthe value of the priority field in areceived SCI format 1-A and p; is the priority of the transmission
of the UE selecting resources; for a given invocation of this procedure, p; = priory.

d-RS-ForSensing selects if the UE uses the PSSCH-RSRP or PSCCH-RSRP measurement, as defined in clause
8.4.2.1.

d-ResourceReservePeriodList

d-SensingWindow: internal parameter Ty, is defined as the number of slots corresponding to sl-SensingWindow
msec

d-TxPercentagelist: internal parameter X for agiven prio;y is defined as s-TxPercentagelist (priory)
converted from percentage to ratio

d-PreemptionEnable: if d-PreemptionEnable is provided, and if it is not equal to ‘enabled’, internal parameter
prio,,. issetto the higher layer provided parameter sl-PreemptionEnable.

Optionally, minimum number of Y slots as Y,,;,, (9-MinNumCandidateS otsPeriodic), which indicates the
minimum number of Y dlots that are included in the candidate resources corresponding to periodic-based partial
sensing operation.

Optionally, minimum number of Y’ slotsas Y’ ,,;, (d-MinNumCandidateS otsAperiodic), which indicates the
minimum number of Y’ dots that are included in the candidate resources corresponding to contiguous partial
sensing operation.

Optionally, sensing occasion as -PBPS-Occasi onReservePeriodList, which indicates the subset of periodicity
values from d-ResourceReservePeriodList used to determine periodic sensing occasionsin periodic-based partial
sensing. If not configured, all periodicity values from s-ResourceReservePeriodList are used to determine
periodic sensing occasions in periodic-based partial sensing.

Optionally, additional sensing occasions as dl-Additional-PBPS-Occasion, which indicates that UE additionally
monitors periodic sensing occasions that correspond to a set of values. The possible values of the set at least
includes the most recent sensing occasion before the first slot of the candidate slots for a given reservation
periodicity and the last periodic sensing occasion prior to the most recent one for the given reservation
periodicity. If not (pre-)configured, the UE monitors the most recent sensing occasion before the first ot of the
candidate dlots for the given periodicity used to determine periodic sensing occasions in periodic-based partial
sensing.

Optionally, indication of the sizein logical slots of contiguous partial sensing window for periodic transmissions
as defined by the parameter d-CPS-WindowPeriodic.

Optionally, indication of the sizein logical slots of contiguous partial sensing window for aperiodic
transmissions as defined by the parameter 9-CPS-WindowAperiodic.
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- Optionaly, indication of whether UE isrequired to perform SL reception of PSCCH and RSRP measurement for
partial sensing on dotsin SL DRX inactive time as d-Partial Sensingl nactiveTime.

The resource reservation interval, Py, 1x, if provided, is converted from units of msec to units of logical slots, resulting
in Py, x according to clause 8.1.7.

When the resource pool is (pre-)configured with d-AllowedResour ceSel ectionConfig including full sensing, and full
sensing is configured in the UE by higher layers, the UE performs full sensing.

When periodic reservation for another TB (sl-MultiReserveResource) is enabled for the resource pool, the resource pool
is (pre-)configured with sl-AllowedResour ceSel ectionConfig including partial sensing, and partial sensing is configured
by higher layer, the UE performs periodic-based partial sensing, unless other conditions state otherwise in the
specification.

When a UE istriggered by higher layer to report resources for resource (re-)selection in amode 2 Tx pool, the resource
pool is (pre-)configured with sl-AllowedResour ceSel ectionConfig including partial sensing, and partial sensing is
configured by higher layer, the UE performs contiguous partial sensing, unless stated otherwise in the specification.

Notation:

(t’ﬁL, ¢S5k L ) denotes the set of slots which belongs to the sidelink resource pool and is defined in Clause 8.

The following steps are used:

1) A candidate single-slot resource for transmission Ry , is defined as aset of Lg,,cy contiguous sub-channels with
sub-channel x+j indlot t';* wherej = 0,..., Ly,ucy — 1. The UE shall assume that any set of Lg,,cy contiguous
sub-channels included in the corresponding resource pool within the timeinterval [n + Ty, n + T,] correspond to
one candidate single-dot resource for UE performing full sensing, in a set of Y candidate slots within the time
interval [n + T;,n + T,] for UE performing periodic-based partial sensing correspond to one candidate single-
slot resource, or in aset of Y' candidate slots within the time interval [n + Ty, n + T,] for UE performing
contiguous partial sensing if Prsyp Tx=0, correspond to one candidate single-slot resource, where

- selection of T; isup to UE implementation under 0 < T, < Tp/,c, , Where Ty, isdefinedindotsin
Table 8.1.4-2 where ug, isthe SCS configuration of the SL BWP;

- if Ty, 1S shorter than the remaining packet delay budget (in slots) then T, is up to UE implementation
subject to Tyin < T, < remaining packet delay budget (in slots); otherwise T, is set to the remaining
packet delay budget (in dlots).

- Yisselected by UE whereY = Y.

- Y'isselected by UE where Y’ > Y,;,;,,. When the UE performs contiguous partial sensing and if Py, 1x = 0,
the UE selects aset of Y’ candidate slots with corresponding PBPS and/or CPS results (if available). If the
number of candidate single-dlot resources Y’ is smaller than Y,,,;,,, it is up to UE implementation to include
other candidate dots.

The total number of candidate single-slot resources is denoted by M.

2) The sensing window is defined by the range of slots [ - Ty, n- Tj/,c o), When the UE performs full sensing,
where T, is defined above and T,fﬁoc,o isdefined in dotsin Table 8.1.4-1 where ug, isthe SCS configuration of
the SL BWP. The UE shall monitor slots which belongsto a sidelink resource pool within the sensing window
except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps
based on PSCCH decoded and RSRP measured in these slots.

When the UE performs periodic-based partial sensing, the UE shall monitor slots at t/** , Wwheret'S" isa

Y—kXPleserve
dot of the selected candidate slots and Brogerve IS Preserve CONVerted to units of logical slot according to clause
8.1.7. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured
in these dots.

The value of P.eserve COrresponds to d-PBPS-OccasionReservePeriodList if (pre-)configured, otherwise, the
values correspond to al periodicity from sl-ResourceReservePeriodList.
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3)

4)
5)

The UE monitors k sensing occasions determined by sl-Additional-PBPS-Occasion, as previoudly described, and
not earlier than n - T,,. For a given periodiCity P,....v., the values of k correspond to the most recent sensing

occasion earlier than t’% - (TZfGC ot Tf;iam ) if d-Additional-PBPS-Occasion is not (pre-)configured, and
additionally includes the value of k corresponding to the last periodic sensing occasion prior to the most recent
oneif d-Additional-PBPS-Occasion is (pre-)configured. ¢k isthefirst slot of the selected Y candidate slots of

y0
PBPS.

When the UE performs periodic-based partial sensing and contiguous partial sensing with periodic reservation
for another TB (sl-MultiReserveResource) enabled, the sensing window is defined by the range of dots [n +

To,n + T5]. n+Ta isM consecutive logical slots earlier than slot '}, and n+Ta is Troc0 + Taroc1 Slots earlier

y0>
than ¢/, where ¢} isthe first lot of the selected Y candidate slots of PBPS, and Tiroc. o, Tproc,1 @€ in units of
physical time/dots. If P, 1x # 0 the value of M is (pre-)configured with the sl-CPS-WindowPeriodic. If sl-
CPSWindowPeriodic is not (pre-)configured, M egquals to 31. When the minimum M slots for CPS cannot be
guaranteed and when Py, tx = 0, itisup to UE implementation to either continue with step 3) or perform

random selection.

When the UE performs contiguous partial sensing with periodic reservation for another TB (dl-
MultiReserveResource) disabled and if P, 1x = 0, the sensing window is defined by the range of slots [n +
Ty, n + Tg]. T, and Ty are both selected such that the UE has sensing results starting at least M consecutive
logical slots before ¢35 and ending at Tproc.0 + Tproc,1 Slots earlier than ¢/ The value of M is (pre-
)configured with the sl-CPS-WindowAperiodic. If -CPS-WindowAperiodic is not (pre-)configured, M equalsto
31. When the minimum M slots for CPS cannot be guaranteed and when P, x = 0, itisup to UE

implementation to either continue with step 3) or perform random selection.

Whether the UE isrequired to performs SL reception of PSCCH and RSRP measurement for partial sensing on
dotsin SL DRX inactive time is enabled/disabled by higher layer parameter partial SensinglnactiveTime. When
itisenabled, if UE performs periodic-based partial sensing on the dotsin SL DRX inactive time for agiven
periodicity corresponding to Peserve, UE monitors only the default periodic sensing occasions (most recent
sensing occasion) from the slots; if UE performs contiguous partial sensing on the slotsin SL DRX inactive
time, UE monitors a minimum of M dlots from the dots.

Theinternal parameter Th(p;, p;) is set to the corresponding value of RSRP threshold indicated by the i-th field
in d-Thres-RSRP-List, where i = p; + (p; — 1) * 8.

The set S, isinitialized to the set of all the candidate single-slot resources.

The UE shall exclude any candidate single-slot resource R, , from the set S, if it meets all the following
conditions:

- the UE has not monitored slot ¢'5L in Step 2.

- for any periodicity value alowed by the higher layer parameter sl-ResourceReservePeriodList and a
hypothetical SCI format 1-A received in slot t's- with 'Resource reservation period' field set to that
periodicity value and indicating all subchannels of the resource pool in this dot, condition ¢ in step 6 would
be met.

53) If the number of candidate single-slot resources R, , remaining in the set S, issmaller than X - My, the set S, is

6)

initialized to the set of al the candidate single-slot resources asin step 4.

The UE shall exclude any candidate single-slot resource R, , from the set S, if it meets all the following
conditions:

a) the UE receives an SCI format 1-A in slot ¢'5E, and 'Resource reservation period' field, if present, and
‘Priority’ field in the received SCI format 1-A indicate the values P.,,, rx and priogy, respectively according
to Clause 16.4in[6, TS 38.213];

b) the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher
than Th(priogy, priory);
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c) the SCI format received in dlot ¢'5% or the same SCI format which, if and only if the 'Resource reservation

period field is present in the received SCI format 1-A, is assumed to be received in slot(s) t’frfwxp, x
TSVp_

determines according to clause 8.1.5 the set of resource blocks and slots which overlapswith R, . ;. Ploup 7x

forg=1,2,...,Qandj=0,1, ..., Crese; — 1. Here, Py, px iS Pryp rx CONVerted to units of logical slots
according to clause 8.1.7, Q = [PTS#‘”] if Prsvp rx < Tscar @ n' —m < P/g,, gy, Whereif the UE is
rsvp_RX - -

configured with full sensing by its higher layer, t'>; = n if slot n belongs to the set
(t'3k, 5t ... t'5 1), otherwiseslot ¢57 |sthef|rst dot after dot n belonging to the set

max

(¢'3k t'3h, ... 5 —1); If UE is configured with partial sensc ng by its higher layer, t'>7 = '3k — Tk, if
slot ¢'5F — Tk, belongsto theset (¢5°", 6™, -+, tys 51, otherwise, slot "5} isthe first slot after slot
t'SE — Totoca Delonging to the set (¢5°", 61", ey ) Otherwise Q = 1. If the UE is configured with

full sensing by its higher layer, Ty, 1S Set to selectlon wi ndow size T, converted to units of msec. If UE is
configured with partial sensing by its higher layer, Tscq; = t'55 — (t'55 — Tpr,c1) shall be converted to
milliseconds, where slot t'J! isthe last slot of the Y or Y” cand|date slots. The slot t'5 isthefirst slot of the
selected/remaining set of Y or Y’ candidate slots.

6a) This step is executed only if the procedure in clause 8.1.4A istriggered.
6b) This step is executed only if the procedure in clause 8.1.4C istriggered.

7) If the number of candidate single-slot resources remaining in the set S, is smaller than X - My, then Th(p;, pj)
isincreased by 3 dB for each priority value Th(p;, p;) and the procedure continues with step 4.

7a) If sidelink DRX active time of RX UE is provided by the higher layer and there is no candidate single-slot
resource remained within the sidelink DRX activetimeinthe set S,, the UE based on its implementation
additionally selects and includes at least one candidate single-slot resources within the sidelink DRX active time
intheset S,.

The UE shall report set S, to higher layers.

If aresource r; fromthe set (ry, 1y, 13, ... ) iS not amember of S,, then the UE shall report re-eval uation of the resource r;
to higher layers.

If aresource r; fromthe set (rg, 1, 13, ... ) meets the conditions below then the UE shall report pre-emption of the
resource r; to higher layers.

- 1y isnot amember of S, and

- r{ meetsthe conditions for exclusion in step 6, with Th(priogy, priory) set to the final threshold after executing
steps 1)-7), i.e. including all necessary increments for reaching X - Mo, and

- the associated priority priogy, satisfies one of the following conditions:
- d-PreemptionEnableis provided and is equal to 'enabled’ and priory > priogy

- d-PreemptionEnable is provided and is not equal to 'enabled’, and priogy < prioy,. and priory > priogy

Table 8.1.4-1: Tsmo depending on sub-carrier spacing

Hsy Tyroco [SlOtS]
0 1
1 1
2 2
3 4
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Table 8.1.4-2: T;;,., depending on sub-carrier spacing

Hsi Tiroca [SOtS]
0 3
1 5
2 9
3 17

When the UE performs periodic-based partial sensing and contiguous partial sensing, and when the UE is triggered to
perform re-evaluation and pre-emption checking, and if Prsvp_TX#0,

During the g™ reservation period (0=0,1,2,..., Cresel-1), candidate resource set (S,) isinitialized to the remaining
Y candidate dots starting from slot t’SL and end| ng at the last slot of the Y candidate slots, where the ot indices

of the remaining Y candidate slots are equal to t’;ﬁqx bl where t’s " isadotindex of Y candidate Slots used
TSvp,

in the initial resource (re)selection.

t'5; isthe first candidate slot after slot n+T.

The UE performs PBPS for the remaining Y candidate slots according to ¢>- st

Yr—kxPloserse’ WHErEL'y  isaslot
belonging to the remaining Y candidate dots, and k and Preserve are the same as reeource (re)sel ectl on, where the
values of k correspond to the most recent sensing occasion earlier than t'5; — (Tiyfoco + Tproc,1 ) if SI-

Additional-PBPS-Occasion is not (pre-)configured, and additionally incl udesthe value of k corresponding to the
last periodic sensing occasion prior to the most recent one if dl-Additional-PBPS-Occasion is (pre-)configured.

The UE performs CPS starting from M logical slots earlier than t5; 10 TSt + Tore; Slots earlier than t'y;.

- By default, M is 31 unless (pre-)configured with another value. by d-CPS-WindowPeriodic.

When the UE istriggered to perform re-evaluation and pre-emption checking, and if Prsvp_TX=0,

Candidate resource set (Sy) isinitialized to the remaining Y' candidate slots starting from slot t’s L

the last dlot of the Y' candidate dots, where t’SL isthefirst candidate slot after ot n+Ts.

and ending at

It isup to UE implementation that UE may perform PBPS for periodic sensing occasions after the resource
(re)selection when higher layer parameter sl-MultiReserveResource is enabled

UE performs CPS starting from at least M consecutive logical slots earlier than t’SL t0 Tpfoco + Tproca SIOtS
earlier than ¢';;

For minimum size M of the CPS monitoring window [ n+TA, n+TB], by default, M is 31 unless (pre-)configured
with another value, by d-CPS-WindowAperiodic.

When the minimum M slots for CPS cannot be guaranteed UE senses in al available dots starting from the
resource (re)selection trigger slot of the same TB to T, mc o+ T mc , dotsearlier than t’SL The UE re-evaluation
and pre-emption checking is based on all available sensing results after n-TO.

8.1.4A UE procedure for determining a set of preferred or non-preferred

resources for another UE's transmission

When this procedure is triggered, the following parameters are provided by the higher layer:

the resource pool from which the preferred or non-preferred resources are to be determined;
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- theresource selection window [n + Ty, n + T,] within which the preferred or non-preferred resources are to be
determined;
- theresource set type (either preferred or non-preferred resource set);

- if theresource set type indicates preferred set, then the higher layer additionally provides the following
parameters:

- L1 priority, priogy;
- the number of sub-channelsto be used for the PSSCH/PSCCH transmission in aslot, Lqych;
- theresource reservation period, Py, 1, if present.

The value of C, ., iSdetermined by the UE according to clause 8.1.5.

When this procedure is triggered by another UE's explicit request, the fields in the request are interpreted as follows:

- Thefield 'Resource selection window location' is the concatenation of the starting time location and the ending
time location of the resource selection window. The starting and ending time locations of the resource selection
window are each encoded in the same way as the reference ot as described in clause 8.1.5A.

- Thefield 'Resource reservation period' is encoded in the same way as the field of the same name in SCI format
1-A.

When determining a preferred resource set, the UE applies the procedure described in clause 8.1.4 with the above
parameters and the following modifications:

- Step 6a) The UE excludes candidate single-slot resource(s) belonging to slot(s) where the UE does not expect to
perform SL reception of a TB due to half-duplex operation, if al the following conditions are met:

- theUEisadestination UE of the TB for whose transmission the preferred resource set is being determined;
- the higher layer parameter condition1A2SchemelDisabled is not set to 'Disabled'.

When determining a non-preferred resource set, the UE considers any resource(s) within the resource selection window,
if indicated by areceived explicit request, and satisfying at |east one of the following conditions as non-preferred
resource(s):

- resource(s) indicated by areceived [SCI format 1-A], satisfying at least one of the following criteria:

- the RSRP measurement performed, according to clause 8.4.2.1, for the received [SCI format 1-A], is higher
than Th(priogy) Where priogy isthe value of the priority field in the received [SCI format 1-A]. The
internal parameter Th(p;) is set to the corresponding value of RSRP threshold indicated by the k-th field in
thresholdRSRPCondition1B1Option1Schemel, where k = p;.

- theUE isadestination UE of a TB associated with the received [SCI format 1-A] and the RSRP
measurement performed, according to clause 8.4.2.1 for the received [SCI format 1-A], islower than
Th'(priogy) Where priogy isthe value of the priority field in the received [SCI format 1-A]. The internal
parameter Th'(p;) is set to the corresponding value of RSRP threshold indicated by the k-th field in
thresholdRSRPCondition1B1Option2Schemel, where k = p;.

- resources(s) in dot(s) in which the UE does not expect to perform SL reception due to half duplex operation, if
the UE is adestination UE of a TB for whose transmission the non-preferred resource set is being determined.
8.1.4B UE procedure for determining a resource conflict

A UE configured with the higher layer parameter inter UECoor dinationScheme2 enabling transmission of aresource
conflict indication considers that a resource conflict occurs on afirst reserved resource r; indicated by afirst received
SCI format if at least one of the following conditionsis satisfied:

- thefirst reserved resource r; overlaps with a second reserved resource r, indicated by a second received SCI
format, and
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- if [the higher layer parameter for enabling Options 1/4 in Condition 2-A-1] indicates [Option 1 enabled],

- if the UE isadestination UE of a TB to be transmitted in r;, the RSRP measurement performed for the
second received SCI format RSRP, is higher than Th(prio,, prio,) where prio, and prio, arethe
prioritiesindicated in the first and second received SCI format, respectively.

- if the UE isadestination UE of a TB to be transmitted in r,,, the RSRP measurement performed for the
first received SCI format RSRP; is higher than Th(prio,, prio,) where prio, and prio, arethe priorities
indicated in the first and second received SCI format, respectively.

- if [the higher layer parameter for enabling Options 1/4 in Condition 2-A-1] indicates [Option 4 enabled] and
the UE supports [Option 4],

- if the UE isadestination UE of a TB to be transmitted inr;, RSRP, — RSRP, ishigher than a
(pre)configured RSRP threshold.

- if the UE isadestination UE of a TB to be transmitted inr,, RSRP, — RSRP, is higher than a
(pre)configured RSRP threshold.

- wherethe RSRP;, RSRP, measurements are performed according to clause 8.4.2.1 and the parameter
Th(p;, p;) isdetermined [as described in step 3 of clause 8.1.4].

- thefirst reserved resource r; occursin asot in which the UE does not expect to perform SL reception due to
half-duplex operation and the UE is a destination UE of a TB to be transmitted in resourcer;.

8.1.4C UE procedure for using a received non-preferred resource set

A UE configured with the higher layer parameter inter UECoordinationSchemel uses a received non-preferred resource
set as follows when performing resource (re-)selection:

- the UE excludesin Step 6b) of clause 8.1.4 resource(s) overlapping with the non-preferred resource set.

Note: If it is not possible to meet the requirement that the number of candidate single-slot resources remaining in the set
S, beatleast X - M, after excluding resource(s) overlapping with the received non-preferred resource set, it isup to
UE implementation whether or not to take into account the received non-preferred resource set to meet such
requirement.

Note: The UE is hot required to use any resource from the non-preferred resource set in its resource (re-)selection if that
resource is earlier than (TS: o+ TSk, 1+ TSE ) after the resource of inter-UE coordination information transmission,

proc, proc, proc,2
L

where T3, isequal t0 (T3t 0+ Toroc1) When only MAC CE is used for inter-UE coordination information

proc,0
transmission, or Ty, , isequal to T, o when MAC CE and SCI format 2-C are both used for inter-UE coordination
information transmission.

SL

Note: The case when Tsy,., isequal to T, isassuming that SCI format 2-C is received.

proc,

8.1.5 UE procedure for determining slots and resource blocks for PSSCH
transmission associated with an SCI format 1-A

The set of dots and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH
transmission containing the associated SCI format 1-A, and fields 'Fregquency resource assignment’, "Time resource
assignment' of the associated SCI format 1-A as described below.

"Time resource assignment’ carries logical slot offset indication of N = 1 or 2 actual resources when dl-
MaxNumPerReserveis 2, and N = 1 or 2 or 3 actual resources when s-MaxNumPerReserve is 3, in aform of time RIV
(TRIV) field which is determined as follows:

ifN=1
TRIV =0

elseif N =2
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TRIV = t,
else
if (6, —¢t;, —1) <15
TRIV =30(t, —t; — 1) +t; + 31
else
TRIV =30(31 —t, +t;,) +62—t;
end if
end if

where the first resource isin the slot where SCI format 1-A was received, and t; denotesi-th resource time offset in
logical dots of aresource pool with respect to the first resourcewherefor N=2,1 <t; <31;andforN=3,1 <t; <
30,t; <t, <31.

The starting sub-channel n3t3, , of the first resourceis determined according to clause 8.1.2.2. The number of
contiguously allocated sub-channels for each of the N resources L, = 1 and the starting sub-channel indexes of
resources indicated by the received SCI format 1-A, except the resource in the slot where SCI format 1-A was received,
are determined from "Frequency resource assignment” which is equal to afrequency RIV (FRIV) where.

If sl-MaxNumPerReserveis 2 then
L -1 .
FRIV = ngztz%rcil,l + ZiiquH (NSSJIBchannel +1- l)
If d-MaxNumPerReserveis 3 then
L -1 N2
FRIV = ng&%?‘tl-l,l + ng&%?‘tl-l,z ' (NésJIBchannd +1- LsubCH) + Ziiulb(:H (NésJIBchannd +1- l)
where

- ntyd, . denotes the starting sub-channel index for the second resource

Ninpen 2 denotes the starting sub-channel index for the third resource

N3k e 1S the number of sub-channelsin aresource pool provided according to the higher layer parameter Sl-
NumSubchannel

If TRIV indicates N < sl-MaxNumPer Reserve, the starting sub-channel indexes corresponding to sl-MaxNumPer Reserve
minus N last resources are not used.

The number of dotsin one set of the time and frequency resources for transmission opportunities of PSSCH is given by
Creser Where G p50;= 10*SL_RESOURCE_RESELECTION_COUNTER [10, TS 38.321] if configured else C, ¢, 1S Set
to 1.

If aset of sub-channelsin slot t'SL is determined as the time and frequency resource for PSSCH transmission
corresponding to the selected sidelink grant (described in [10, TS 38.321]), the same set of sub-channelsin slots

’fnLﬂx Pl o are a'so determined for PSSCH transmissions corresponding to the same sidelink grant where j=1, 2,...,
Trsvp_

Creset — 1, Psyp 1x, if provided, is converted from units of msec to units of logical slots, resulting in Pr'svprX according

to clause 8.1.7, and (¢3", /1", t'5", ... ) is determined by Clause 8. Here, P, 1x is the resource reservation interval

indicated by higher layers.

8.1.5A UE procedure for determining slots and resource blocks indicated by
a preferred or non-preferred resource set

The set of slots and resource blocks indicated by a set of preferred or non-preferred resource(s) is determined as
described below.
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The set of preferred or non-preferred resources {ry, 14, 15, ... }, isindicated by areference slot ¢, and M tuples
(TRIV,, FRIVy, Brgypm), 1 < m < M indicated by the 'resource combination(s)' field, where for each tuple TRIV;, is
indicated by the 9 MSBs, followed by FRIV,,, and Py, , (if present).

The reference dlot ¢, isindicated by the 'reference slot location' field as a combination of DFN index and slot index

[5, TS 38.212], with the 10 MSBs indicating the DFN index. TRIV,, and FRIV,, areinterpreted according to clause
8.1.5, with the following modifications:

- thevalue of d-MaxNumPerReserve isfixed to 3.
- "dot where SCI format 1-A was received" isreplaced by slot indicated as the first resource location of aTRI1V,.

- thefirst resource location of each TRIV;, for m > 1 isindicated by aslot offset ¢,,, in logical slots with respect to
the reference slot ¢, ¢; the first resource location of TRIV; isat slot offset O with respect to the reference slot.-
"the received SCI format 1-A, except the resource in the slot where SCI format 1-A was received"” is replaced
by "each tuple"

- the starting sub-channel n337%; o of thefirst resource of each tuple is separately indicated.

The starting sub-channel n3t3, , of the first resource of each tuple isindicated by the '[lowest subchannel index for the
first resource location of each TRIV]' field. The resource reservation period Py, ,, isencoded asin SCI format 1-A.

If the set isindicated by an SCI format 2-C, the number of tuplesisM = 2.

A UE forms the union of the subsets indicated by each tuple (TRIV,,, FRIV;,, Pysyp ) to Obtain the set {ry, 1,75, ... }.

8.1.6  Sidelink congestion control in sidelink resource allocation mode 2

If aUE is configured with higher layer parameter sl-CR-Limit and transmits PSSCH in slot n, the UE shall ensure the
following limits for any priority valuek;

Yisk CR(D) < CRyimic (k)

where CR (i) isthe CR evaluated in slot n-N for the PSSCH transmissions with 'Priority’ field in the SCI set to i, and
CRyimit (k) corresponds to the high layer parameter sl-CR-Limit that is associated with the priority value k and the CBR
range which includes the CBR measured in slot n-N, where N is the congestion control processing time.

The congestion control processing time N is based on p of Table 8.1.6-1 and Table 8.1.6-2 for UE processing capability
1 and 2 respectively, where p corresponds to the subcarrier spacing of the sidelink channel with which the PSSCH isto
be transmitted. A UE shall only apply asingle processing time capability in sidelink congestion control.

Table 8.1.6-1: Congestion control processing time for processing timing capability 1

M | Congestion control processing time N [slots]
0 2
1 2
2 4
3 8
Table 8.1.6-2: Congestion control processing time for processing timing capability 2
M | Congestion control processing time N [slots]
0 2
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1 4
2 8
3 16

It is up to UE implementation how to meet the above limits, including dropping the transmissionsin slot n.

8.1.7 UE procedure for determining the number of logical slots for a
reservation period

A given resource reservation period P, in milliseconds is converted to a period Py, in logical slots as:

PR max
revp = [10240 ms Prsvpl

where T' .. iSthe number of slots that belong to a resource pool as defined in Clause 8.

8.2 UE procedure for transmitting sidelink reference signals

8.2.1 CSI-RS transmission procedure

A UE transmits sidelink CSI-RS within a unicast PSSCH transmission if the following conditions hold:
- CSl reporting is enabled by higher layer parameter sl-CS-Acquisition; and
- the'CS request' field in the corresponding SCI format 2-A is set to 1.

The following parameters for CSI-RS transmission are configured for each CSI-RS configuration:
- d-CY-RS-FirstSymbol indicates the first OFDM symbol in a PRB used for SL CSI-RS

- d-CY-RS-FregAllocation indicates the number of antenna ports and the frequency domain allocation for SL
CSI-RS.
When the UE is configured with Q,={1,2} CSI-RS port(s) in sidelink and the number of scheduled layersisnt>s5H

layer

- The CSI-RS scaling factor fcsirs Specified in clause 8.4.1.5.3 of [4, TS 38.211] isgiven by Bcsirs = Bomirar -

PSSCH
layer

where pEial is the scaling factor for the corresponding PSSCH specified in clause 8.3.1.5 of [4, TS

p

38.211].

8.2.2 PSSCH DM-RS transmission procedure

The UE selects the DM-RS time domain pattern out of the patterns configured using the higher layer parameter d-
PSSCH-DMRS-TimePatternList for the resource pool on which the PSSCH is to be transmitted. If more than one DM-
RS time domain pattern is configured, the selected pattern isindicated by the ' DMRS pattern' field in the SCI format 1-
A associated with the PSSCH transmission.

If PSSCH DM-RS and PSCCH are mapped to the same OFDM symbol, then this mapping within a single sub-channel
isonly supported if higher layer parameter d-Subchannel Size >= 20, i.e. the sub-channel sizeis at least 20 PRBs.

When a sub-channel size islessthan 20 PRBs and the size of PSCCH isless than the sub-channel size, a UE is not
expected to choose a PSSCH DM-RS pattern to be transmitted in the same OFDM symbol with PSCCH.
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8.2.3 PT-RS transmission procedure
Transmission of PT-RS isonly supported in frequency range 2.

The UE PT-RS transmission procedure specified in clause 6.2.3.1 applies for derivation of the PT-RS parameters Ler.rs
and, Kpr.rs and for determination of PT-RS presence, with the following changes:

- timeDensity and frequencyDensity in PTRS-UplinkConfig are replaced by 9-PTRS-TimeDensity and 9-PTRS
FregDensity in SL.-PTRS-Config respectively, and SL-PTRS-Config is (pre)configured per resource pool;

- the number of antenna ports is the same as the number of PSSCH DM-RS antenna ports and the association
between a PT-RS antenna port and a PSSCH DM-RS antenna port is fixed.

8.3 UE procedure for receiving the physical sidelink shared
channel

For sidelink resource allocation mode 1, a UE upon detection of SCI format 1-A on PSCCH can decode PSSCH
according to the detected SCI formats 2-A and 2-B, and associated PSSCH resource configuration configured by higher
layers. The UE is not required to decode more than one PSCCH at each PSCCH resource candidate.

For sidelink resource allocation mode 2, a UE upon detection of SCI format 1-A on PSCCH can decode PSSCH
according to the detected SCI formats 2-A and 2-B, and associated PSSCH resource configuration configured by higher
layers. The UE is not required to decode more than one PSCCH at each PSCCH resource candidate.

A UE isrequired to decode neither the corresponding SCI formats 2-A and 2-B nor the PSSCH associated with an SCI
format 1-A if the SCI format 1-A indicates an MCS table that the UE does not support.

8.4 UE procedure for receiving reference signals

8.4.1 CSI-RS reception procedure

The CSI-RS defined in Clause 8.4.1.5 of [4, TS 38.211] may be used for CSI computation.
8.4.2 DM-RS reception procedure for RSRP computation

8.4.2.1 RSRP for resource selection in sidelink resource allocation mode 2
In sidelink resource allocation mode 2, the UE measures RSRP for resource selection as follows:

- PSSCH-RSRP over the DM-RS resource elements for the PSSCH according to the received SCI format 1-A if
higher layer parameter sl-RS-ForSensing is set to 'pssch’, and

- PSCCH-RSRP over the DM-RS resource elements for the PSCCH carrying to the received SCI format 1-A if
higher layer parameter d-RS-ForSensing is set to ‘pscch'.
8.4.3 PT-RS reception procedure
Reception of PT-RSis only supported in frequency range 2.

The UE PT-RS reception procedure specified in clause 5.1.6.3 applies for derivation of the PT-RS parameters Lpr-rs and
Ker.rsand for determination of PT-RS presence, with the following changes:

- timeDensity and frequencyDensity in PTRS DownlinkConfig are replaced by sI-PTRS TimeDensity and d-PTRS
FregDensity in SL-PTRS-Config respectively, and SL-PTRS-Config is (pre)configured per resource pool;

- the number of antenna ports is the same as the number of PSSCH DM-RS antenna ports and the association
between a PT-RS antenna port and a PSSCH DM-RS antenna port is fixed.
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8.5 UE procedure for reporting channel state information (CSl)

851 Channel state information framework

CSl consists of Channel Quality Indicator (CQI) and Rank Indicator (RI). The CQI and RI are always reported together.

8.5.1.1 Reporting configurations

The UE shall calculate CSl parameters (if reported) assuming the following dependencies between CSI parameters (if
reported)

- CQI shall be calculated conditioned on the reported RI

The CSlI reporting can be aperiodic (using [10, TS 38.321]). Table 8.5.1.1-1 shows the supported combinations of CSI
reporting configurations and CSI-RS configurations and how the CSl reporting is triggered for CSI-RS configuration.
Aperiodic CSI-RS s configured and triggered/activated as described in Clause 8.5.1.2.

Table 8.5.1.1-1 Triggering/Activation of CSl reporting for the possible CSI-RS Configurations.

CSI-RS Configuration Aperiodic CSI Reporting
For CSl reporting, Aperiodic CSI-RS Triggered by SCI. wideband CQI reporting is
supported. A wideband CQI isreported for a
single codeword for the entire CSl reporting band.
8.5.1.2 Triggering of sidelink CSI reports

The CSl-triggering UE is not allowed to trigger another aperiodic CSl report for the same UE before the last dot of the
expected reception or completion of the ongoing aperiodic CSI report associated with the SCI format 2-A with the 'CS
request' field set to 1, where the last slot of the expected reception of the ongoing aperiodic CSl report is given by [10,

TS38.321].

An aperiodic CSl report is triggered by an SCI format 2-A with the'CS request’ field set to 1.
A UE is not expected to transmit a sidelink CSI-RS and a sidelink PT-RS which overlap.

85.2 Channel state information

8.5.2.1 CSI reporting quantities

8.5.2.1.1 Channel quality indicator (CQI)
The UE shall derive CQI as specified in clause 5.2.2.1, with the following changes
- PDSCH replaced by PSSCH
- uplink slot replaced by sidelink slot
- downlink physical resource blocks replaced by sidelink physical resource blocks
- Transport Block Size determination according to Clause 8.1.3.2
- CSl reference resource according to the Clause 8.5.2.3
- interference measurements are not supported
- sub-band CQI is not supported
- cgi-Tableis determined as follows

- cgi-Table="tablel'if Table 5.1.3.1-1 is determined as the MCS table according to Clause 8.1.3.1 of [6,
38.214],
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- cgi-Table="table?' if Table5.1.3.1-2 is determined as the MCS table according to Clause 8.1.3.1 of [6,

38.214],
- cqi-Table="table3 if Table 5.1.3.1-3 is determined as the MCS table according to Clause 8.1.3.1 of [6,
38.214]
8.5.2.2 Reference signal (CSI-RS)

The UE can be configured with one CSI-RS pattern as indicated by the higher layer parameters 9-CS-RS-
FregAllocation, d-C3-RS-FirstSymbol in SL-CS-RS-Config.

Parameters for which the UE shall assume non-zero transmission power for CSI-RS are configured according to clause
8.2.1.

A UE is not expected to be configured such that a CSI-RS and the corresponding PSCCH can be mapped to the same
resource element. A UE is not expected to receive sidelink CSI-RS and PSSCH DM-RS, nor CSI-RS and 2nd-stage
SCl, on the same symbol.

Sidelink CSI-RS shall be transmitted according to [4, TS 38.211] in the resource blocks used for the PSSCH associated
with the SCI format 2-A triggering a report.

85.23 CSl reference resource definition
The CSlI reference resource in sidelink is defined as follows:

- Inthefrequency domain, the CSI reference resource is defined by the group of sidelink physical resource blocks
containing the sidelink CSI-RS to which the derived CSI relates.

- Inthetime domain, the CSI reference resource for a CSl reporting in sidelink slot nis defined by asingle
sidelink slot ncg ref Where ncg_rer IS the same sidelink slot as the corresponding CSI request.

If configured to report CQI index and RI index, in the CSl reference resource, the UE shall assume the following for the
purpose of deriving the CQI index and RI index:

- The reference resource uses the CP length and subcarrier spacing configured for the SL BWP.
- Redundancy Version 0.

- PSCCH occupies 2 OFDM symbols.

- The number of PSSCH and DM-RS symbolsis equal to sl-LengthSymbols-2.

- Assume no REs allocated for sidelink CSI-RS.

- Assume no REs alocated SCI format 2-A or SCI format 2-B.

- Assume the same number of DM-RS symbols as the smallest one configured by the higher layer parameter sl-
PSSCH-DMRS TimePatternList.

- Assume no REs dlocated for sidelink PT-RS.
- Assume sidelink CSI-RS RE power isthe same as PSSCH RE power.

- The PSSCH transmission scheme where the UE may assume that PSSCH transmission would be performed with
up to 2 transmission layers as defined in Clause 8.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should
assume that PSSCH signals on antenna ports in the set [1000,..., 1000+v-1] for v layers would result in signals
equivalent to corresponding symbols transmitted on antenna ports [3000, ..., 3000+P-1], as given by

yG00@) NERO)

y(3000+P—1)(l~) x(v—l)(i)
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where X(i) = [X(O) (i)..X(V_D (i)]r isavector of PSSCH symbols from the layer mapping defined in Clause 8.3.1.4

of [4, TS 38.211], P € [1,2] isthe number of CSI-RS ports. If only one CSI-RS port is configured, W(i) is 1.
Otherwise, W(i) is the identity matrix.

8.5.3 CSI reporting

The UE can be configured with one CSI reporting latency bound as indicated by the higher layer parameter dl-
LatencyBoundCSl -Report. CSl| reporting is aperiodic and is described in [10, TS 38.321].

8.6 UE PSSCH preparation procedure time

For sidelink dynamic grant and for SL configured grant type 2 activation, if the first sidelink symbol in the sidelink
allocation for a PSSCH for atransport block and the associated PSCCH, including the DM-RS and the duplicated
symbol, as defined by the dot offset K, of the scheduling DCI for dynamic grant or the activating DCI for SL
configured grant type 2, is no earlier than at symbol L, where L is defined as the next sidelink symbol with its CP
starting T = (Ny + d31)(2048 + 144) - k27H - T after the end of the reception of the last symbol of the PDCCH
carrying the DCI scheduling the sidelink transmissions for dynamic grant or activating the SL configured grant type 2,
then the UE shall transmit the PSSCH and the associated PSCCH.

- Nzisbased on p of Table 8.6-1, where p corresponds to the one of (Upt, Hg) resulting with the largest Tproc,
where the ppL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI
scheduling the PSSCH for dynamic grant or activating the SL configured grant type 2 was transmitted and s
corresponds to the subcarrier spacing of the sidelink channel with which the PSSCH and the associated PSCCH
are to be transmitted, and x is defined in Clause 4.1 of [4, TS 38.211].

- doa=1

Otherwise the UE may ignore the scheduling DCI for dynamic grant or the activating DCI for SL configured grant type
2.

The value of T, is used both in the case of normal and extended cyclic prefix.

Table 8.6-1: PSSCH preparation time

U PSSCH preparation time N2 [symbolg]
0 10
1 12
2 23
3 36

For sidelink resource allocation mode 1, the UE does not expect that the first sidelink symbol in the sidelink allocation
for aPSSCH for retransmission of atransport block and the associated PSCCH, including the DM-RS and the
duplicated symbol as defined by the "Time resource assignment” field of the corresponding DCI for dynamic grant or
for SL configured grant type 2, or by dl-TimeResourceCG-Typel for configured grant type 1 starts earlier than at
symbol L where L is defined as the next sidelink symbol with its CP starting T, + & after the end of the last symbol
of the PSFCH occasion corresponding to the most recent transmission of PSSCH for the same transport block, where
Tyrep isdefined in Clause 16.5 of [6, TS38.213] and § = 5 - 10~* s. Otherwise the UE may skip the retransmission of
the PSSCH and the transmission of the corresponding PSCCH.

9 UE procedures for transmitting and receiving for
RTT-based propagation delay compensation

For operation with RTT-based propagation delay compensation, the UE may be configured with either:

- one CSI-RSfor tracking with higher layer parameter pdc-Info for Rx — Tx time difference estimation at UE side
and one SRS resource set with usage-PDC, or
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one PRS configuration of higher layer parameter nr-DL-PRS-PDC-ResourceSet [12, TS 38.331] for Rx — Tx
time difference estimation at UE side and one SRS resource set with usage-PDC.

The related UE procedures for transmitting uplink reference signals and receiving downlink reference signalsfor RTT-
based propagation delay compensation are defined as follows:

9.1

for reception of CSI-RS for tracking with higher layer parameter pdc-1nfo, the UE follows the procedures for
reception of CSI-RS for tracking defined in Clause 5.1.6.1.1.

for reception of the one PRS configuration provided by RRC [12, TS 38.331] for RTT-based propagation delay
compensation, the UE follows the procedure for PRS reception for RT T-based propagation delay compensation
defined in Clause 9.1.

for transmission of an SRS resource set configured with usage-PDC, the UE follows the procedures for SRS
transmission defined in Clause 6.2.1.

PRS reception procedure for RTT-based propagation delay
compensation

The DL PRSresource set for RTT-based propagation delay compensation consists of K>1 DL PRS resource(s) where
each has an associated spatial transmission filter. Each DL PRS resource is configured via higher layer parameters NR-
DL-PRS-Resource and is uniquely defined by nr-DL-PRS-Resourcel D. The subcarrier spacing and the cyclic prefix of
the DL PRS resources are defined by the subcarrier spacing and the cyclic prefix of the DL active bandwidth part of the
serving cell.

The DL PRSresource set for RTT-based propagation delay compensation is configured by nr-DL-PRS-PDC-
ResourceSet, consists of one or more DL PRS resource(s) and it is defined by:

periodicityAndOffset defines the DL PRS resource periodicity and takes values Tyx° €

21{4,5,8,10, 16, 20, 32,40, 64,80, 160, 320, 640, 1280, 2560, 5120, 10240} dots, whereu = 0, 1, 2, 3 for 15,
30, 60 and 120 kHz subcarrier spacing respectively and the slot offset for DL PRS resource set with respect to
SFNO slot 0. All the DL PRS resources are configured with the same DL PRS resource periodicity.

repetitionFactor defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS
resource set and takes values T,;3° € {1,2,4,6,8,16,32}. All the DL PRS resources within the resource set have
the same resource repetition factor.

timeGap defines the offset in number of slots between two repeated instances of a DL PRS resource with the
same nr-DL-PRS-Resourcel D within a single instance of the DL PRS resource set. The UE only expectsto be
configured with timeGap if repetitionFactor is configured with value greater than 1. The time duration spanned
by one instance of a nr-DL-PRS-ResourceSet is not expected to exceed the configured value of DL PRS
periodicity. All the DL PRS resources within the resource set have the same value of timeGap.

resourcelList determinesthe DL PRS resources that are contained within the DL PRS resource set.

dI-PRS-Resour ceBandwidth defines the number of resource blocks configured for DL PRS transmission. The
parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All the DL
PRS resources within the resource set have the same value of dl-PRS-ResourceBandwidth.

dI-PRS-SartPRB defines the starting PRB index of the DL PRS resource with respect to subcarrier 0 in common
resource block 0. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a
maximum value of 2176 PRBs. All the DL PRS resources within the resource set have the same value of dI-PRS
SartPRB.

numSymbols defines the number of symbols of the DL PRS resource within a slot where the allowable values are
givenin Clause 7.4.1.7.3 of [4, TS38.211]. All the DL PRS resources within the resource set have the same
value of numSymbols.

A DL PRSresource is defined by:

nr-DL-PRS Resourcel D determines the DL PRS resource configuration identity. All DL PRS resource IDs are
locally defined within the DL PRS resource set.
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- dI-PRSSequencel D is used to initialize cinie value used in pseudo random generator as described in Clause
7.4.1.7.2 of [4, TS 38.211] for generation of DL PRS sequence for a given DL PRS resource.

- dI-PRS-CombSizeN-AndReOffset defines the comb size of a DL PRS resource, where the allowable values are
givenin Clause 7.4.1.7.3 of [TS38.211], and the starting RE offset of the first symbol within a DL PRS resource
in frequency. The UE may expect the same comb size to be configured for all DL PRS resources of the PRS
resource set. The relative RE offsets of the remaining symbols within aDL PRS resource are defined based on
theinitial offset and the rule described in Clause 7.4.1.7.3 of [4, TS 38.211].

- dI-PRS ResourceS otOffset determines the starting ot of the DL PRS resource with respect to corresponding
DL PRSresource set slot offset.

- dI-PRS ResourceSymbol Offset determines the starting symbol of a slot configured with the DL PRS resource.

- dI-PRS-QCL-Info defines any quasi co-location information of the DL PRS resource with other reference signals.
The DL PRS may be configured with QCL 'typeD' with aDL PRS in the same PRS resource set, or with rs-Type
set to 'typeC', 'typeD', or 'typeC-plus-typeD' with a SS/PBCH Block from the serving cell.

The UE assumes constant EPRE is used for all REs of agiven DL PRS resource.

The UE assumes that the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from
the serving cell.

The UE does not expect to be scheduled or configured for reception of any downlink channel or any other downlink
signal(s) in the OFDM symbol(s) and PRBs of the DL PRS resource for RT T-based propagation delay compensation to
be received.

The UE is expected to receive the DL PRS for RTT-based propagation delay compensation only in
RRC_CONNECTED state and within the DL active bandwidth part of the serving cell.
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2020-12 | RAN#90-e | RP-202385 | 0135 - F |Corrections for the issue of PDCCH and PDSCH colliding in 16.4.0
multi-TRP

2020-12 | RAN#90-e | RP-202385 | 0136 | - F |Correction on TCI state codepoint mapping for DCI format 1_2 16.4.0

2020-12 | RAN#90-e | RP-202384 | 0137 | - F |Correction on data rate restriction in a slot for PUSCH repetition| 16.4.0
Type B

2020-12 | RAN#90-e | RP-202390 | 0138 - F |Correction to beam switch timing 16.4.0

2020-12 | RAN#90-e | RP-202385 [ 0139 - F |CR on Interference Measurement Resource for L1-SINR 16.4.0

2020-12 | RAN#90-e | RP-202383 | 0140 | - F |Corrections related to the sidelink slot index 16.4.0

2020-12 | RAN#90-e | RP-202383 [ 0141 | - F |Correction on sidelink resource pool determination based on 16.4.0
PSBCH

2020-12 | RAN#90-e | RP-202383 | 0142 - F |Introduction of the preparation time for SL retransmissions in 16.4.0
Mode 1

2020-12 | RAN#90-e | RP-202386 | 0143 | - F |Correction on L1-RSRP and Minimum scheduling offset 16.4.0

2020-12 | RAN#90-e [ RP-202383 [ 0145 - F |Correction on redundancy version for PSSCH 16.4.0

2020-12 | RAN#90-e [ RP-202385 | 0146 | - F |CR on Measurement Restriction for L1-SINR 16.4.0

2020-12 | RAN#90-e [ RP-202387 | 0147 | - F Correcti_on to DL PRS duration calculation for DL PRS 16.4.0
processing

2020-12 | RAN#90-e | RP-202387 | 0148 | - F |CR on DL PRS resource prioritization for UE measurements 16.4.0

2020-12 | RAN#90-e [ RP-202387 [ 0149 - F |CR on the configuration of spatial relation for the SRS for 16.4.0
positioning

2020-12 | RAN#90-e | RP-202387 [ 0150 | - F |CR for replacement of cell terminology in PRS reception 16.4.0
procedure

2020-12 | RAN#90-e | RP-202387 [ 0152 - F |CR for parameter name alignment and reference corrections in 16.4.0
PRS reception procedure

2020-12 | RAN#90-e | RP-202389 | 0153 - F |Corrections for A-CSlI triggering with unaligned CA 16.4.0

2020-12 | RAN#90-e [ RP-202398 | 0154 ( - F | Alignment of RRC parameter names for 38.214 16.4.0

2021-03 | RAN#91-e [ RP-210047 | 0156 | - A |Correction on MCS values for PT-RS time density 16.5.0
determination in TS 38.214

2021-03 | RAN#91-e | RP-210048 | 0157 - F |CR on DMRS configuration for MsgA in 38.214 16.5.0

2021-03 | RAN#91-e [ RP-210049 ( 0158 - F |Correction on joint configuration of semi-static repetitions and 16.5.0

multi-pusch scheduling

2021-03 | RAN#91-e | RP-210055 [ 0159 - F |Correction on UE sounding procedure 16.5.0
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2021-03 | RAN#91-e | RP-210052 | 0160 | - F |CR on Default TCI state of Scheme 3 and Scheme 4 16.5.0
2021-03 | RAN#91-e [ RP-210052 | 0161 | - F |CR on multi-TRP 16.5.0
2021-03 | RAN#91-e | RP-210052 | 0162 | - F |CRon PDSCH QCL 16.5.0
2021-03 | RAN#91-e | RP-210052 | 0163 | - F |CR on L1-SINR based beam measurement 16.5.0
2021-03 | RAN#91-e [ RP-210050 | 0164 | - F |Corrections related to the sidelink resource reservation period 16.5.0
2021-03 | RAN#91-e [ RP-210050 | 0165 - F |Correction to pre-emption condition for Mode-2 resource 16.5.0
allocation
2021-03 | RAN#91-e | RP-210051 | 0166 | - F |Correction on Part 2 CSI dropping for UCI multiplexing on 16.5.0
PUSCH repetition Type B
2021-03 | RAN#91-e | RP-210058 | 0167 | - F |Correction on uplink Tx switching 16.5.0
2021-03 | RAN#91-e | RP-210053 | 0168 | 1 F |CR for the configuration of semi-persistent SRS 16.5.0
2021-03 | RAN#91-e | RP-210053 | 0169 | 1 F |CR for the configuration of DL-PRS as the spatial relation of 16.5.0

periodic and semi-persistent positioning SRS

2021-03 | RAN#91-e | RP-210053 | 0170 | 1 F |CR for the configuration of SRS for positioning in SRS carrier 16.5.0
switching

2021-03 [ RAN#91-e| RP-210053 | 0171 1 F |CR on DL PRS resource indication in activation command for 16.5.0
semi-persistent SRS for positioning and amount of DL PRS
resource sets per TRP

2021-03 | RAN#91-e | RP-210053 | 0172 | 1 F |CR on timestamp reference in NR positioning measurement 16.5.0
report

2021-03 [ RAN#91-e | RP-210053 | 0173 1 F |CR on measurement gap configuration for NR positioning 16.5.0

2021-03 | RAN#91-e | RP-210054 | 0175 - F |Additional timing delay for applying QCL relation on the PDSCH| 16.5.0
with cross-carrier scheduling with different SCS.

2021-03 | RAN#91-e | RP-210051 | 0176 | - F |Correction on PDSCH resource mapping with RE symbol level 16.5.0
granularity

2021-03 | RAN#91-e | RP-210051 | 0177 | - F |Active time duration of NZP CSI-RS resource 16.5.0

2021-03 | RAN#91-e | RP-210059 | 0178 | - F |Editorial corrections for 38.214 16.5.0

2021-03 | RAN#91-e | RP-210309 | 0123 | 2 F |Correction on 38.214 for PUSCH with UL skipping in Rel-16 16.5.0

2021-06 | RAN#92-e | RP-211237 [ 0179 - F |Correction on out-of-order HARQ operation in 38.214 16.6.0

2021-06 | RAN#92-e | RP-211239 (0180 - F |38.214 CR on CSlI request constraint per slot 16.6.0

2021-06 | RAN#92-e | RP-211240 ( 0181 - F |Timelines for SRS carrier switching 16.6.0

2021-06 | RAN#92-e | RP-211238 (0182 | 1 F |Correction to the DL PRS reception procedure for PRS cell 16.6.0

determination

2021-06 | RAN#92-e | RP-211235 | 0183 1 F |Correction to sidelink resource identification procedure avoiding| 16.6.0
infinite loop issue

2021-06 | RAN#92-e | RP-211234 (0184 | - F |Correction on averaging CSI-RS for measuring CSl across DL 16.6.0
bursts

2021-06 |[RAN#92-e| RP-211233 | 0186 1 A |Rel-15 editorial corrections for TS 38.214 (mirrored to Rel-16) 16.6.0

2021-06 |[RAN#92-e| RP-211243 | 0187 1 F |Rel-16 editorial corrections for TS 38.214 16.6.0

2021-06 | RAN#92-e | RP-211236 ( 0188 - F |Correction on DMRS reception and transmission procedure in 16.6.0
TS 38.214

2021-06 | RAN#92-e | RP-211237 (0189 - F |Correction on simultaneous multi-CC spatial relation update for 16.6.0
SRS

2021-06 | RAN#92-e | RP-211237 [ 0190 | - F |Correction on enabling configuration of time restriction over L1- 16.6.0

SINR measurement
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2021-06 | RAN#92-e | RP-211237 (0191 - F |Corrections on RRC names and interpretation for Multi-TRP 16.6.0

2021-06 | RAN#92-e | RP-211251 [ 0192 - F |Correction of UE Power Saving 16.6.0

2021-06 | RAN#92-e [ RP-211233 [ 0194 - A [Correction on enabling configuration of time restriction over L1- 16.6.0
RSRP and CSI measurement

2021-06 | RAN#92-e | RP-211233 [ 0196 | - A | Clarification on back-to-back PUSCHSs scheduling restriction 16.6.0

2021-06 | RAN#92-e | RP-211235 [ 0197 | - F |Corrections for transmitting sidelink reference signals in TS 16.6.0
38.214

2021-06 | RAN#92-e | RP-211238 [ 0198 | - F |CR on DL PRS periodicity and muting repetition factor 16.6.0

2021-06 | RAN#92-e | RP-211238 [ 0199 - F |CR on measurement gap request inside of the active DL BWP 16.6.0
for DL PRS measurements

2021-06 | RAN#92-e | RP-211239 [ 0200 | - F 138.214 CR on unaligned frame boundary CA with A-CSI-RS 16.6.0
transmission and CSI reference resource definition

2021-06 | RAN#92-e | RP-211238 | 0201 | 1 F |CR on SCS values for DL PRS 16.6.0

2021-06 |[RAN#92-e| RP-211238 | 0202 1 F |CR on correction to DL PRS processing priority order 16.6.0

2021-06 | RAN#92-e [ RP-211236 | 0203 | - F |Correction on SRS resource set configuration in TS 38.214 16.6.0

2021-09 | RAN#93-e | RP-211847 | 0204 | - F |Correction to PDSCH rate matching for SPS 16.7.0

2021-09 | RAN#93-e | RP-211844 | 0205 | - F |CR on sum data rate for tdmSchemeA and fdmSchemeB 16.7.0

2021-09 | RAN#93-e | RP-211842 [ 0206 | 1 F |Correction on procedure for transmitting the physical sidelink 16.7.0
shared channel

2021-09 | RAN#93-e [ RP-211843 0207 | - F Corre_c_tion on invalid symbol determination for PUSCH 16.7.0
repetition Type B

2021-09 | RAN#93-e | RP-211846 | 0208 | - F |Correction on cross-carrier scheduling and cross-carrier CSI- 16.7.0
RS triggering

2021-09 | RAN#93-e [ RP-211845 [ 0209 | - F |CR on terminology correction to cell for positioning 16.7.0

2021-09 | RAN#93-e | RP-211845 | 0210 - F |CR on alignment with RAN4 on DL PRS processing 16.7.0

2021-09 | RAN#93-e | RP-211841 | 0212 | - A [CR tc; 38.214 clarification on coefficients packing order for Type | 16.7.0
IIcs

2021-09 | RAN#93-e | RP-211841 ( 0214 - A |Clarification on back-to-back PUSCHs scheduling restriction 16.7.0

2021-09 | RAN#93-e [ RP-211850 ( 0215 - F |Rel-16 editorial corrections for TS 38.214 16.7.0

2021-12 | RAN#94-e | RP-212958 | 0218 | - A |Correction on semi-persistent CSI reporting on PUSCH 16.8.0

2021-12 | RAN#94-e | RP-212960 | 0219 | - F |Corrections on UE PDSCH processing time for DCI format 1_2 16.8.0

2021-12 | RAN#94-e [ RP-212961 | 0220 - F |Correction on frequency hopping for PUSCH and SRS 16.8.0

2021-12 | RAN#94-e | RP-212958 | 0222 - A [Rel-15 editorial corrections for TS 38.214 16.8.0

2021-12 | RAN#94-e | RP-212964 | 0223 | - F |Rel-16 editorial corrections for TS 38.214 16.8.0

2021-12 | RAN#94-e | RP-212981 | 0224 | - B |Introduction of NR further Multi-RAT Dual-Connectivity 17.0.0
enhancements

2021-12 | RAN#94-e | RP-212973 | 0225 - B [Introduction of NR coverage enhancements 17.0.0

2021-12 | RAN#94-e | RP-212982 | 0226 | - B [Introduction of DL 1024QAM for NR FR1 17.0.0

2021-12 | RAN#94-e [ RP-212967 | 0227 | - B |Introduction of NR Extending current NR operation to 71GHz 17.0.0

2021-12 | RAN#94-e [ RP-212966 | 0228 | - B |Introduction of further enhancements on MIMO for NR 17.0.0

2021-12 | RAN#94-e | RP-212968 | 0229 | - B |Introduction of enhanced Industrial Internet of Things (IoT) and 17.0.0
;J(itrre,:l-;{eliable and low latency communication (URLLC) support
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2021-12 | RAN#94-e | RP-212979 [ 0230 | - B [Introduction of NR Multicast and Broadcast Services 17.0.0
2021-12 | RAN#94-e | RP-212969 | 0231 | - B [Introduction of solutions for NR to support non-terrestrial 17.0.0
networks (NTN)
2021-12 | RAN#94-e | RP-212970 | 0232 - B |Introduction of NR Positioning Enhancements 17.0.0
2021-12 | RAN#94-e | RP-212971 | 0233 | - B |Introduction of NR reduced capability NR devices 17.0.0
2021-12 | RAN#94-e | RP-212983 | 0234 | - B |Introduction of UL Tx Switching enhancements 17.0.0
2021-12 | RAN#94-e | RP-212978 | 0235 | - B [Introduction of NR Sidelink enhancements 17.0.0
2021-12 | RAN#94-e | RP-212972 [ 0236 | - B |Introduction of NR UE Power Saving Enhancements 17.0.0
2021-12 | RAN#94-e | RP-213524 | 0237 | - B [Introduction of NR small data transmissions in INACTIVE state 17.0.0
2022-03 | RAN#95-e | RP-220246 | 0239 | - A [Correction on determination of SRS resource set triggered by 17.1.0

DCI format 2_3

2022-03 | RAN#95-e | RP-220244 | 0242 | - A [Corrections on mapping between the Time domain resource 17.1.0
allocation field value of the RAR UL grant and a row index of an
allocated table

2022-03 | RAN#95-e [ RP-220246 | 0244 - A |Corrections on time domain resource allocation procedure fora | 17.1.0
PUSCH scheduled by RAR UL grant or by fallbackRAR UL
grant
2022-03 | RAN#95-e | RP-220247 | 0246 | - A [Correction on frequency hopping for PUSCH with a configured 17.1.0
grant
2022-03 | RAN#95-e [ RP-220269 | 0248 | - A |CR on correction of indicated TCI states for single-DCI based 17.1.0
MTRP schemes
2022-03 | RAN#95-e | RP-220269 | 0250 | - A [CR on PMI indexing correction in Type Il and eType Il CSI 17.1.0
2022-03 | RAN#95-e | RP-220269 | 0252 | - A [Correction of NZC partitioning in eType Il CSI 17.1.0
2022-03 | RAN#95-e [ RP-220257 [ 0253 - F |Corrections on NR coverage enhancements 17.1.0
2022-03 | RAN#95-e [ RP-220251 0254 - F |Corrections on NR extensions of current NR operation to 17.1.0
71GHz
2022-03 | RAN#95-e | RP-220252 [ 0255 - F |Corrections on enhanced Industrial Internet of Things (loT) and 17.1.0
ultra-reliable and low latency communication (URLLC) support
for NR
2022-03 | RAN#95-e | RP-220263 | 0256 | - F |Corrections on NR Multicast and Broadcast Services 17.1.0
2022-03 | RAN#95-e | RP-220949 | 0257 | 1 B |Corrections on NR Sidelink enhancements 17.1.0
2022-03 | RAN#95-e [ RP-220256 | 0258 | - F |Corrections on NR UE Power Saving Enhancements 17.1.0
2022-03 | RAN#95-e [ RP-220265 [ 0259 ( - F |Corrections on further Multi-RAT Dual-Connectivity 17.1.0
enhancements
2022-03 | RAN#95-e | RP-220266 | 0260 | - F |Corrections on DL 1024QAM for NR FR1 17.1.0
2022-03 | RAN#95-e | RP-220264 | 0261 | - F |Corrections on NR Dynamic Spectrum Sharing enhancements 17.1.0
2022-03 | RAN#95-e [ RP-220250 | 0262 | - F |Correction on further enhancements on MIMO for NR 17.1.0
2022-03 | RAN#95-e [ RP-220253 [ 0263 | - F |Corrections on solutions for NR to support non-terrestrial 17.1.0
networks (NTN)
2022-03 | RAN#95-e | RP-220254 | 0264 | - F |Correction on NR Positioning Enhancements 17.1.0
2022-03 | RAN#95-e | RP-220255 [ 0265 - F |Corrections on NR reduced capability NR devices 17.1.0
2022-03 | RAN#95-e | RP-220267 | 0266 | - F |Corrections on UL Tx Switching enhancements 17.1.0
2022-03 | RAN#95-e | RP-220270 | 0267 | - F |Corrections on UL Tx Switching enhancements 17.1.0
2022-03 | RAN#95-e | RP-220249 | 0269 | - A [Rel-16 editorial corrections for TS 38.214 (mirrored to Rel-17) 17.1.0
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2022-06 | RAN#96 | RP-221620 [ 0273 - A |[Clarification of PUSCH with SP-CSI overlapping with PUSCH 17.2.0
with data

2022-06 | RAN#96 | RP-221598 [ 0275 - A [Correction on SRS resource set with '‘antennaSwitching' and 17.2.0
'‘beamManagement'

2022-06 | RAN#96 | RP-221620 [ 0277 | - A [Correction for parallel transmission of SRS and 17.2.0
PUSCH/PUCCH

2022-06 | RAN#96 | RP-221616 | 0278 | - F |Corrections on SRS carrier switching 17.2.0

2022-06 | RAN#96 | RP-221616 [ 0279 - F |Simultaneous transmission of SRS and other channels for intra-| 17.2.0
band non-contiguous carrier aggregation

2022-06 | RAN#96 | RP-221607 (0280 | - F |Corrections on NR coverage enhancements 17.2.0

2022-06 | RAN#96 | RP-221601 (0281 - F |Corrections on NR extensions of current NR operation to 17.2.0
71GHz

2022-06 | RAN#96 | RP-221602 | 0282 - F |Corrections on enhanced Industrial Internet of Things (loT) and 17.2.0
ultra-reliable and low latency communication (URLLC) support
for NR

2022-06 | RAN#96 | RP-221612 | 0283 - F |Corrections on NR Multicast and Broadcast Services 17.2.0

2022-06 | RAN#96 | RP-221611 (0284 ( - F |Corrections on NR Sidelink enhancements 17.2.0

2022-06 | RAN#96 | RP-221614 (0285 ( - F |Corrections on further Multi-RAT Dual-Connectivity 17.2.0
enhancements

2022-06 | RAN#96 | RP-221610 | 0286 - F |Corrections on elAB 17.2.0

2022-06 | RAN#96 | RP-221600 | 0287 | - F |Correction on further enhancements on MIMO for NR 17.2.0

2022-06 | RAN#96 | RP-221604 | 0288 | - F |Correction on NR Positioning Enhancements 17.2.0

2022-06 | RAN#96 | RP-221615 [ 0289 - F |Corrections on UL Tx Switching enhancements 17.2.0

2022-06 | RAN#96 | RP-221599 (0291 - A [Rel-16 editorial corrections for TS 38.214 (mirrored to Rel-17) 17.2.0

2022-09 | RAN#97-e | RP-222404 | 0292 | 1 F |Correction on PRS reception procedure 17.3.0

2022-09 | RAN#97-e | RP-222404 (0293 | 1 F |Correction on UE sounding procedure for positioning purpose 17.3.0

2022-09 | RAN#97-e [ RP-222404 ( 0294 - F |CR on DL-AOD positioning measurement for 38.214 17.3.0

2022-09 | RAN#97-e | RP-222404 [ 0295 - F |CR on PRS RSRPP reporting for 38.214 17.3.0

2022-09 | RAN#97-e | RP-222398 | 0297 | - A [Correction for PUSCH TDRA Tables 17.3.0

2022-09 | RAN#97-e | RP-222401 | 0298 | - F |Corrections on timeline of CSI request for 480kHz and 960kHz 17.3.0
SCSin TS38.214

2022-09 | RAN#97-e [ RP-222401 [ 0299 ( - F |Correction on UE PDSCH processing procedure time for 17.3.0
operation with shared spectrum channel access in FR2-2 in TS
38.214

2022-09 | RAN#97-e | RP-222401 | 0300 | - F |Correction for aperiodic CSI triggering offset for FR2-2in TS 17.3.0
38.214

2022-09 | RAN#97-e [ RP-222404 ( 0301 - F |CR on priority states within the PRS processing window 17.3.0

2022-09 | RAN#97-e | RP-222404 | 0302 | - F |CR on PRS processing sample for 38.214 17.3.0

2022-09 | RAN#97-e | RP-222404 | 0303 | - F |Corrections on M-sample measurement 17.3.0

2022-09 | RAN#97-e [ RP-222404 ( 0304 | - F |CR on the positioning frequency layer within a PPW and UE 17.3.0
capability for the PPW

2022-09 | RAN#97-e [ RP-222404 [ 0305 - F |CR on PRS reception and SRS transmission outside initial 17.3.0
BWP

2022-09 | RAN#97-e | RP-222403 [ 0307 | 1 F |Corrections on HARQ for NR-NTN for 38.214 17.3.0
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2022-09 | RAN#97-e [ RP-222410 ( 0308 | - F |Correction on CQI derivation accounting for provided DL Tx 17.3.0
power adjustment for IAB-MT
2022-09 | RAN#97-e| RP-222410 | 0309 | - F |CRonelAB CSI 17.3.0
2022-09 | RAN#97-e | RP-222400 | 0310 | 1 F |CR on inter-cell multi-TRP operation 17.3.0
2022-09 | RAN#97-e | RP-222400 | 0311 | 1 F |CR on inter-cell mTRP with PUSCH repetition TypeB 17.3.0
2022-09 | RAN#97-e | RP-222415 [ 0312 - F |Correction on uplink suspension for CA-based SRS carrier 17.3.0
switching
2022-09 | RAN#97-e | RP-222400 | 0313 | - F |CR for CSI-RS power for inter-cell mMTRP 17.3.0
2022-09 | RAN#97-e [ RP-222400 ( 0314 | - F gg on default QCL for unified TCI state for PDSCH and A-CSI- 17.3.0
2022-09 | RAN#97-e | RP-222400 | 0315 - F |CR on unified TCl in TS38.214 17.3.0
2022-09 | RAN#97-e [ RP-222400 ( 0316 - F |CR on BAT for CA case 17.3.0
2022-09 | RAN#97-e | RP-222419 | 0317 | - A [Correction on parallel transmission of MsgA and other channels| 17.3.0
in TS 38.214
2022-09 | RAN#97-e [ RP-222400 ( 0318 - F |Correction on the number of CPUs for Multi-TRP CSI 17.3.0
2022-09 | RAN#97-e [ RP-222400 ( 0319 - F |Correction on CSI-RS port restriction for mTRP CSI 17.3.0
2022-09 | RAN#97-e | RP-222400 | 0320 | - F |Correction on slot offsets of CSI-RS resource pairs for MTRP 17.3.0
2022-09 | RAN#97-e [ RP-222414 (0321 - F Correc_tion on aperiodic CSI-RS for tracking for fast SCell 17.3.0
activation
2022-09 | RAN#97-e | RP-222402 | 0322 - F |CR on UE procedure for overlapping CG PUSCH and DG 17.3.0
PUSCH
2022-09 | RAN#97-e | RP-222400 | 0323 | - F |CR on the application of the configuration of group-based beam| 17.3.0
reporting
2022-09 | RAN#97-e [ RP-222404 ( 0324 ( - F |CR on completing the PPW processing timeline 17.3.0
2022-09 | RAN#97-e | RP-222404 | 0326 | - F |Correction on PRS reception procedure 17.3.0
2022-09 | RAN#97-e | RP-222415 | 0327 - F |CR on SRS carrier switching 17.3.0
2022-09 | RAN#97-e | RP-222400 | 0328 | - F |Correction on Rel-17 aperiodic SRS configuration for 1T4R 17.3.0
2022-09 | RAN#97-e | RP-222398 [ 0330 | - A [Corrections on presence of redundancy version field and HARQ| 17.3.0
process number field of DCI format 0_2 for semi-persistent CSI
activation or deactivation PDCCH validation
2022-09 | RAN#97-e | RP-222417 [ 0332 - A |[Clarification of LI reporting for Enhanced Type Il CSI feedback 17.3.0
2022-09 | RAN#97-e | RP-222412 | 0337 - F |Corrections on NR Multicast and Broadcast Services 17.3.0
2022-09 | RAN#97-e | RP-222411 [ 0340 | - F |Corrections on NR Sidelink enhancements 17.3.0
2022-09 | RAN#97-e [ RP-222422 (0341 - F |Rel-17 editorial corrections for TS 38.214 17.3.0
2022-09 | RAN#97-e [ RP-222399 ( 0343 - A [Rel-16 editorial corrections for TS 38.214 (mirrored to Rel-17) 17.3.0
2022-09 | RAN#97-e | RP-222407 | 0344 | - F |A-CSI multiplexing on TBoMS 17.3.0
2022-09 | RAN#97-e | RP-222609 (0345 1 F |CR on PUSCH frequency hopping with DMRS bundling 17.3.0
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