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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)"
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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 Dedicated demodulation reference signals
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

SLIV Start and length indicator value

SR Scheduling Request

SRS Sounding reference signal
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SS Synchronisation signal
SSS Secondary Synchronisation signal
SS-RSRP SS reference signal received power
SS-RSRQ SS reference signal received quality
SS-SINR SS signal-to-noise and interference ratio
B 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
layers. 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 (
Bours [dB]) 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 ,625 specified in Clause 7.4.1.1.2 of [4, TS 38.211] isgiven by

_ﬂDMRS
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,

- 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 ( o, ) iS given by Table 4.1-2 according to the epre-Ratio, the PT-RS

Pp1rs

scaling factor ... specified in clause 7.4.1.2.2 of [4, TS 38.211] isgiven by £,,.c =10 2 .
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- 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 ( pps)

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 is supported by the UE. 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-ProcessesFor PDSCH, 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 or 1 2 decode the corresponding
PDSCHs asindicated by that DCI. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to
receive a PDSCH that overlapsin time with another PDSCH. 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]. In agiven 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 dots for the associated HARQ-ACK transmissions, each slot is

composed of N;?Tﬁ symbols[4] or anumber of symbolsindicated by subslotLengthForPUCCH-r16 if provided, and the

HARQ-ACK for the two PDSCHSs are associated with the HARQ-ACK codebook of the same priority. In agiven
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 assighed 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
PDSCHs are associated with HARQ-ACK codebooks of different priorities. For any two HARQ process IDsin agiven
scheduled cell, if the UE is scheduled to start receiving afirst PDSCH starting in symbol j by aPDCCH ending in
symbol i, 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. 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 z, with
N=13 for 4=0, N=13 for £=1, N=20 for =2, and N=24 for x=3.

When receiving PDSCH scheduled with SI-RNTI or P-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
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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 aPUSCH
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 symbols before the earliest starting symbol of the PDSCH(s) without the
corresponding PDCCH transmission, where the symbol duration is 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.

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

The UEin 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 partially or fully overlapping in time in non-overlapping
PRBs.

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.

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

If aUE is configured by higher layer parameter PDCCH-Config that contains two different values of
CORESETPoolIndex in Control ResourceSet, the UE may expect to receive multiple PDCCHSs scheduling
fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of
full/partialy-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHSs are associated to different
Control ResourceSets having different values of CORESETPool Index. For a Control ResourceSet without
CORESETPoolIndex, the UE may assume that the Control ResourceSet is assigned with CORESETPoolIndex as 0.
When the UE is scheduled with full/partially/non-overlapped PDSCHSs in time and frequency domain, the full
scheduling information for receiving a PDSCH is indicated 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 PDCCHs that schedule two PDSCHSs are associated to different Control ResourceSets having
different values of CORESETPoolIndex, 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 a value 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
adifferent value of CORESETpoolIndex that ends later than symbol i.
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- Inagiven scheduled cell, the UE can receive afirst PDSCH in dlot 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 slot before slot 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 Clause 5.1.

A UE does not expect to be configured with repetitionScheme-r16 if the UE is configured with higher layer parameter
repetitionNumber-r16.

When a UE is configured by higher layer parameter RepetitionScheme-r16 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 a DCI 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
inClause 5.1.2.1.

When a UE is configured by the higher layer parameter repetitionNumber-r16 in PDSCH-
TimeDomainResourceAllocation-r16, the UE may expect to be indicated with one or two TCI states in a codepoint of
the DCI field "Transmission Configuration Indication' together with the DCI field " Time domain resource assignment'
indicating an entry which contains repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r16 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-r 16 consecutive slots as defined in
Clause5.1.2.1.

- 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-r16 consecutive dlots as defined in Clause
5121

When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry which
contains repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r 16, and it is indicated with two TCI states
in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM groupsin
the DCI field " Antenna Port(s)", the UE may expect to receive a single 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-r 16 in PDSCH-TimeDomainResour ceAllocation-r 16, and it is indicated with one TCI states
in 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.

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
dlot as specified below.
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Step 0: set j=0, wherej isthe number of selected PDSCH(s) for decoding. Q isthe 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 PDSCH(s) overlapping (even partialy) 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 PDSCHs in a slot supported by
the UE

51.1 Transmission schemes

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

5111 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

5121 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 alocation table. The determination of the used resource allocation table is defined in
Clause5.1.2.1.1. Theindexed row definesthe slot offset Ko, the start and length indicator SLIV, 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:

The dot alocated for the PDSCH is Ks, where

CA CA
Ko = 2+PoscH K Ngot offset, PoccH ~ Nfot, offset, PDSCH

2/‘PDCCH 2/‘offﬂ ,PDCCH 2!10ffﬁ ,PDSCH

} 2+PDSCH ‘ , if UE is configured with ca-

DHPDSCH

2/‘PDCCH

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

where n is the slot with the scheduling DCI, and Ko is based on the numerology of PDSCH, and 4., and
are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and

Hepcen

Ns(l:c[\\t, offset, PDCCH and HUoftset, PDCCH arethe Ns(l:c[\\t, offset and the:uoffset ’ respectively, which are determined by hlgher'

layer configured ca-SotOffset, for the cell receiving the PDCCH respectively, Nja: osser, poscH @ Hogsser, ppsci
arethe N35 o¢ee and the sz, , 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].

The reference point S for starting symbol Sis defined as:

- if configured with referenceOfSL1VVFor DCI-Format1-2-r 16, and when receiving PDSCH scheduled by DCI
format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with Ko=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;

- 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:

ETSI



3GPP TS 38.214 version 16.3.0 Release 16 14 ETSI TS 138 214 V16.3.0 (2020-11)

it (L=D=7 then
91V =14-(L-1)+S
else
IV =14-(14-L+1)+(14-1-9)
where0O<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 allocations:

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 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
by DCI format 1 1 or 1 2in 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 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
DCl format 1_1 or 1_2in 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 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, where n =
0, 1, ...pdsch-AggregationFactor -1, is determined according to table 5.1.2.1-2 and "rviq 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 1 1 or 1 2.

If aUE is configured with higher layer parameter repetitionNumber-r16 or if the UE is configured by repetitionScheme-
r16 set to one of 'FDMSchemeA', 'FDMSchemeB' and 'TDMSchemeA!, the UE does not expect to be configured with
pdsch-AggregationFactor or pdsch-AggregationFactor-r 16.

Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present

rvig indicated by the DCI rvid 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 asot of amulti-slot PDSCH reception is omitted according to the conditionsin Clause 11.1 of

[6, TS38.213].

The UE is not expected to receive a PDSCH with mapping type A inadot, if the PDCCH scheduling the PDSCH was

received in the same slot and was not contained within the first three symbols of the dot.
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The UE is not expected to receive a PDSCH with mapping type B in adot, 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
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 aDCI

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 u’ 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 recoverySearchSpacel d 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 referenceOfSLIVFor DCI-Formatl-2-r16 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-r16 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 occasionsis
derived by the number of TCI statesindicated 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 alocation 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 the first and second TCI state. The UE expects the PDSCH mapping type indicated by DCI field "Time
domain 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-r16 in PDSCH-TimeDomainResour ceAllocation-r 16,

- 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-r16 in PDSCH-
TimeDomainResour ceAllocation-r16 and DM-RS port(s) within one CDM group in the DCI field " Antenna
Port(s)", the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber-r16
consecutive sots, thefirst 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.

When the value indicated by repetitionNumber-r16 in PDSCH-TimeDomainResour ceAllocation-r 16 equals to
two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by
repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r16 is larger than two, the UE may be further
configured to enable cyclicMapping or sequentical Mapping in tciMapping-r 16.
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- 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 state is applied to the first and second PDSCH transmissions,
and the second TCI stateis applied to the third and fourth PDSCH transmissions, and the same TCl 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-r16 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-ri16 is
present

rvia indicated by the DCI rvid to be applied to nt" 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 + rvg) 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-r16 in PDSCH-
TimeDomainResourceAllocation-r16 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-r16
consecutive dots, the first PDSCH transmission occasion follows Clause 5.1.2.1, the same TCI state is applied to
al PDSCH transmission occasions. The UE may expect that each PDSCH transmission occasion islimited 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.

5.1.2.1.1 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 tables 5.1.2.1.1-2,5.1.2.1.1-3,5.1.2.1.1-4 and
5.1.2.1.1-5 is applied, or the higher layer configured pdsch-TimeDomainAllocationList or pdsch-
TimeDomainAllocationListFor DCI-Format1-2-r 16 is applied. For operation with shared spectrum channel access, as
described in [16, TS 37.213], UE reinterprets Sand L inrow 9 of Table 5.1.2.1.1-2 asS=6 and L=7.
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Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation for DCl formats 1 0Oand 1_1

RNTI PDCCH SS/PBCH pdsch- pdsch-Config PDSCH time
search block and ConfigCommon includes pdsch- domain resource
space CORESET includes pdsch- TimeDomainAllocati | allocation to apply

multiplexin | TimeDomainAlloca onList
g pattern tionList
SI-RNTI TypeO 1 - - Default A for normal
common CP
2 - - Default B
3 - - Default C
SI-RNTI TypeOA 1 No - Default A
common 2 No - Default B
3 No - Default C
1,2,3 Yes - pdsch-
TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
RA-RNTI, Typel 1,2, 3 No - Default A
MsgB-RNTI, common 1,2,3 Yes - pdsch-
TC-RNTI TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
P-RNTI Type2 1 No - Default A
common 2 No - Default B
3 No - Default C
1,2,3 Yes - pdsch-
TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
C-RNTI, Any common 1,2,3 No - Default A
MCS-C- search 1,2,3 Yes - pdsch-
RNTI, CS- space TimeDomainAllocati
RNTI associated onList provided in
with pdsch-
CORESET 0 ConfigCommon
C-RNTI, Any common 1,2,3 No No Default A
MCS-C- search 1,2,3 Yes No pdsch-
RNTI, CS- space not TimeDomainAllocati
RNTI associated onList provided in
with pdsch-
CORESET 0 ConfigCommon
1,2,3 No/Yes Yes pdsch-
UE specific TimeDomainAllocati
search onList provided in
space pdsch-Config

Table 5.1.2.1.1-1A: Applicable PDSCH time domain resource allocation for DCI format 1_2

pdsch-ConfigCommon
includes pdsch-
TimeDomainAllocationList

pdsch-Config includes
pdsch-
TimeDomainAllocationList

pdsch-Config includes pdsch-
TimeDomainAllocationListForDCI-
Format1-2-r16

PDSCH time domain reso
allocation to apply

No No No Default A
Yes No No pdsch-TimeDomainAllocatic
provided in pdsch-
ConfigCommon
No/Yes Yes No pdsch-TimeDomainAllocatic
provided in pdsch-Confi
No/Yes No/Yes Yes pdsch-

TimeDomainAllocationListFc
Formatl1-2-r16 provided in p
Config
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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

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
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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

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 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 Reserved
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

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, then downlink resource allocation type 1 is used.

If the scheduling DCI is configured to indicate the downlink resource allocation 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 resourceAllocationFor DCI-Format1-2-r16 in pdsch-Config to
‘dynamicswitch' for DCI format 1_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 allocation type as defined by the higher layer
parameter resourceAllocation for DCI format 1_1 or by the higher layer parameter resour ceAllocationForDCI-
Format1-2-r16 for DCI format 1_2.
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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 0 and type 1 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 BWP change via DCI, the RB indexing for downlink type 0 and type 1 resource alocation 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.

5.1.2.2.1 Downlink resource allocation type 0

In downlink resource allocation of type O, 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 asdefined in Table 5.1.2.2.1-1.

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 ( Nrgg) for adownlink bandwidth part i of size NSypPRBs is given by

N :{( Ngz, +(Ngx, modP))/ P], where

- thesizeof the first RBG is RBG = P—Ngs modP,

- thesizeof last RBG isRBGEZ=(NEZ +NSZ JmodP if (NS, +NSZ, |modP>0 and P otherwiss

- thesizeof all other RBGsisP.

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 is such that RBG 0to RBG N ., -1 are mapped from MSB to LSB. The RBG is allocated 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 g . The resource

indication value is defined by

if (LRBS—l)sLNgj‘fp/ZJ then

RV =Nk (Lpgs 1 + RB gan
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else

RV = N2 (NS — Ly +1)+ (NS —1- RB g )

where L g, > 1 and shall not exceed Ngyyp—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

value (RIV) corresponding to a starting resource block RB,,, = 0,K,2-K,..., (NN _1y. K and alength in terms of

BW

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

- thesize of 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)<| Njvi' /2] then

RIV = Nl (L' 1)+ RB"

start

else

RIV = NE! (N~ L'+ D)+ (NG~ 1- RB

start )

where L', = Les /K, RB'g,, = RB,, /K and where L', shall not exceed N - RB'

BWP start *
If Ngie > Npse' , K isthe maximum value from set {1, 2, 4, 8} which satisfies K <| Ngi*/ Njwe' | ; 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«ar=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 resourceAllocationTypelGranularityFor DCI-Format1-2-r16 if the UE is
configured with higher layer parameter resourceAllocationTypelGranularityForDCI-Formatl-2-r 16, and P=1
otherwise. The resource indication value is defined by

if (Lracs =2 <[ Ngag /2] then
RIV = Nggg (Lgrges =1 + RBGg
else
RIV = N gge (Ngae — Lrsce +1) + (N ggs —1— RBG ()

where Ly, = 1 and shall not exceed Ngz; — RBG

start *

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-BundlingTypeForDCI-
Format1-2-r16 instead of prb-BundlingType as well as vrb-ToPRB-InterleaverForDCI-Format1-2-r16 instead of vrb-
ToPRB-Interleaver.

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

If Piywe, 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 TCI state or a same
QCL assumption.
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If Piwp, is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the
bandwidth parti with B;,,; consecutive PRBs. Actual number of consecutive PRBsin each PRG could be one or more.

Thefirst PRG sizeis given by Rl — N3 modP;,,, and thelast PRG sizegiven by (NSas; + Niae; ) modPayp; if

(NSami + Nws ) modPgye; # 0, and the last PRG sizeis Payp; if (Ngap; + N ) ModPayp; =0.

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 O.

If aUE is scheduled a PDSCH with DCI format 1_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, R;,,; for bandwidth part is 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-BundlingTypeis set to ‘dynamicBundling’, the higher layer parameters
bundleSzeSet1 and bundleSzeSet2 configure two sets of Py, ; values, the first set can take one or two By, values

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

If the PRB bundling size indicator 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, ; valuefrom the second set of R, ; valueswhen receiving PDSCH
scheduled by the same DCI.

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

- issetto'l'and two values are configured for the first set of Pj,,; valuesas'n2-wideband' (corresponding to
two P,p; Vvalues 2 and wideband) or 'n4-wideband' (corresponding to two P3,,.; values 4 and wideband), the
UE shall use the value when receiving PDSCH scheduled by the same DCI as follows:

- If the scheduled PRBs are contiguous and the size of the scheduled PRBs islarger than N gﬁp i 12, Poyp, is
the same as the scheduled bandwidth, otherwise P, ; is set 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 Py, ; valueis configured

with the single value indicated by the higher layer parameter bundleS ze.

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 Pj, ., =

4.
For a UE configured by the higher layer parameter RepetitionScheme-r16 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 Piwe; iSdetermined as"wideband”, the first ["P%] PRBs are assigned to the first TCI state and the remaining
ln”zﬂl PRBs are assigned to the second TCI state, where nppp is the total number of allocated PRBs for the UE.
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- If Pip; 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.

- 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-r 16 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)", 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.

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_ Xl.Fl > Z . TBSLBRM
l

ies RLBRM
where, for the serving cell,

- Sisthe set of TBsbelonging to PDSCH(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_l(min(k{).‘i + E/, N, ,)) based on the val ues defined in Clause 5.4.2.1 [5, TS 38.212]

j=0,.]

- kg_i isthe starting location of RV for the jth transmission

- Eij = min(E, ) of the scheduled code blocks for the jth transmission
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N,y ; 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

- incasethereis more than one BWP corresponding to the largest configured number of PRBs, i’ follows
the BWP with the largest subcarrier spacing.

- u correspondsto the subcarrier spacing of the active BWP
- Rigrm = 2/3 asdefined in Clause 5.4.2.1 [5, TS 38.212]

- TBS.erm asdefined in Clause 5.4.2.1 [5, TS 38.212]

- X asdefined for downlink 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, aUE is not required to handle PDSCH(s) transmissionsin slot 5 in serving cell-j, and for j = 0,1,2..
J-1, dlot 5 overlapping with any given point in time, if the following condition is not satisfied at that point in time:
J-1
Xm0 Vim

1{0))
Jj=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 s.

- TyotD) =10%/240), where w(j) is the numerology for PDSCH(s) in slot § of the j-th serving cell.
- 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 Imcs > 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, the UE is not required to handle PDSCH transmissions, if the
following condition is not satisfied:

M-17/.
m=0"jm

= DataRateCC
LxT;

where
- Listhe number of symbols assigned to the PDSCH

- M isthe number of TB(s) in the PDSCH
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no_ 1073

s = wvslot
2 Nsymb

where u is the numerology of the PDSCH

- forthemthTB,V;,, = 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
is given by the formulain Clause 4.1.2 in [13, TS 38.306], including the scaling factor (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 or format 1_2 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI, or for the PDSCH
scheduled without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration SPS
Config,

if the higher layer parameter mcs-TableForDCI-Format1-2-r16 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

- 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-TableForDCI-Format1-2-r16 given
by PDSCH-Config is set to '‘qam64LowSE', 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.

elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table given by PDSCH-Config is
set to 'gam64L owSE', and the PDSCH is scheduled by a PDCCH with a DCI format other than DCI format 1 2ina
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 mcs-Table given by SPS-config, and the higher layer
parameter mcs-TableFor DCI-Format1-2-r16 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.
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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.

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 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 TCl stateis
applied to the PDSCH transmission occasion associated with the second TCI state.

ETSI



3GPP TS 38.214 version 16.3.0 Release 16

27

ETSI TS 138 214 V16.3.0 (2020-11)

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
5.1.3.2 Transport block size determination

In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is
enabled, then one of the two transport blocksis disabled by DCI format 1_1 if Imcs= 26 and if rvig = 1 for the
corresponding transport block. 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, format 1_1 or format 1 2 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or SI-RNTI, if Table5.1.3.1-2 isused and 0< | ,,5 < 27, Or atable other

than Table 5.1.3.1-2 isused and 0< I 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 shal first determine the number of REs (Nge) within the slot.

- A UE first determines the number of REs allocated for PDSCH within aPRB (N . ) by

' RB p\sh PRB PRB , o :
Nge =Ng - Ngmp—Npmrs—Non , wheren 28 = 12 isthe number of subcarriersin aphysical resource

block, ngqub is the number of symbols of the PDSCH allocation within the slot, NFPR8.. isthe number of

DMRS

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 0 in Clause 5.1.6.2,
and N R isthe overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig.

PRB
If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the Noh is
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set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI
PRB
or P-RNTI, Noh isassumed to be 0.

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

2) Unquantized intermediate variable (Ninto) is obtained by N, = Nge-RQ, v -
If N, <3824
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

. [\
- quantized intermediate number of information bits Ninfo = ma{24,2” L g:o B , Where
n= max(giLIOQZ(Ninf o)J_ 6)'
- useTable5.1.3.2-1 find the closest TBS that is not lessthan N, . -
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
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4) When N > 3824 , TBSisdetermined as follows.

inf o

. i N, —24
- quantized intermediate number of information bits N, = WW(3840, 2" xround (M#D , Where

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

- if RS1/4
Nino +24 Niyo + 24
TBS=8C- Ninfo 2% —24 where C= Ninto +22
8C 3816
else

if Ny, > 8424

Ninfo +24 Niyro + 24
TBS=8C- Ninfo 2% —24 where C= Ninfo + 2%
8C 8424

else
TBS=8{—N"1“E’3 +24}24

end if
end if
elseif Table5.1.3.1-2isused and 28 < | ;o5 < 31,

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0 < I g < 27. If thereis no PDCCH for the same transport block using 0< | cg < 27, 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< I,cg < 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 FDMSchemeB and 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 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 ) “Nog , Where npgg 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 also applied to the PDSCH transmission occasion associated with the second TCI
state. For a UE configured with TDMSchemeA and 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 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 Nre = NSE. ngqub_ NSRS~ NEr 2, where ngqub 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 stateis also applied to the PDSCH transmission occasion
associated with the second TCI state.
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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
N, , =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 Ninfo 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.

When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-
RNTI, MsgB-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-
PositionsinBurst, and if the PDSCH resource allocation 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 ssh-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, or
PDSCHs 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 allocation 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 is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partialy, 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 the parameters of rateMatchPatternGrouplForDCI-
Formatl-2-r 16, rateMatchPatternGroup2For DCI-Format1-2-r16 instead of rateMatchPatternGroupl and
rateMatchPatternGroup2.

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 ServingCellConfig or by
ServingCell ConfigCommon and configuring up to 4 RateMatchPattern(s) per BWP and up to 4
RateMatchPattern(s) per serving-cell. A RateMatchPattern may contain:

- within aBWP, when provided by PDSCH-Config or within a serving cell when provided by
ServingCellConfig or ServingCellConfigCommon, a pair of reserved resources with numerology provided by
higher layer parameter subcarrier Spacing 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
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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

symbol slnResour ceBlock given by RateMatchPattern ) for which the reserved RBs apply. A bit value equal
to 1inthe 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 atime-domain pattern
(higher layer parameter periodicityAndPattern given by RateMatchPattern ), where each bit of
periodicityAndPattern corresponds to a unit equal to a duration 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 40ms. The first symbol of periodicityAndPattern every 40ms/P periodsis
afirst symbol in frame n, mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When
periodicityAndPattern is not configured for apair, for a symbol level bitmap spanning two slots, the bits of
the first and second slots correspond respectively to even and odd slots of aradio frame, and for a symbol
level bitmap spanning one slot, the bits of the ot correspond to every dot of aradio frame. The pair can be
included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroupland
rateMatchPatternGroup?2). The rateMatchPatternToAddModList given by ServingCell Config or

ServingCell ConfigCommon configuration in numerology p applies only to PDSCH of the same numerology

L.

- 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
ControlResourceSet 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 alist of indices of
RateMatchPattern(s) forming a union of resource-sets not available for aPDSCH 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 aPDSCH 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.

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 sots 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 a detected PDCCH scheduling the PDSCH has aggregation
level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.

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 precoder Granularity configured in a CORESET where the PDCCH was
detected is equal to allContiguousRBs, the associated PDCCH DM-RS are DM-RSin all REGs of the CORESET.
Otherwise, the associated DM-RS are the DM-RS in REGs of the PDCCH or the activated PDSCHs with SPS. When
receiving PDSCHs with SPS activated by a DCI format 1_1, the REs corresponding to configured resourcesin
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 SPSisequal to 1.

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
ResourceSetsToAddModListForDCI-Format1-2-r16 instead of aperiodic-ZP-CS-RS ResourceSetsToAddModList.

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

- REsindicated by the RateMatchingPatternLTE-CRS in Ite-CRS-ToMatchAround in ServingCell Config or
ServingCell ConfigCommon configuring common 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.
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- REsindicated by RateMatchingPatternLTE-CRSin Ite-CRS-PatternList-r16 in ServingCell Config configuring
common 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 RateMatchingPatter nL TE-CRS configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS
Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL 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 slot corresponds to LTE subframe.

- If the UE is configured by higher layer parameter PDCCH-Config with two different values of
CORESETPaoolIndex in Control ResourceSet 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 Index-r16, REs indicated by the CRS
pattern(s) in Ite-CRS-PatternList1-r16 if the PDSCH is associated with CORESETPoolIndex = 0, or the CRS
pattern(s) in Ite-CRS-PatternList2-r16 if PDSCH is associated with CORESET PoolIndex = 1;

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

- Within aBWP, 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-CH-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-CY-RSResourceld in ZP-CS-RS-Resour ce determines ZP CSI-RS resource configuration identity.

- nrofPorts defines the number of CSI-RS ports, where the allowable values are given in Clause 7.4.1.5 of [4,
TS 38.211].

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

- resourceMapping given by ZP-CS-RS-Resource defines the OFDM symbol and subcarrier occupancy of the
ZP-CSI-RS resource within a slot that are given in Clause 7.4.1.5 of [4, TS 38.211].

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

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-ResourceSetsToAddModList in PDSCH-
Config, isconfigured for aperiodic triggering. The maximum number of aperiodic ZP-C3-RS-ResourceSet(s)
configured per BWP is 3. The bit-length of DCI field ZP CS-RStrigger depends on the number of aperiodic ZP-CS -
RS-Resour ceSet(s)configured (up to 2 bits). Each non-zero codepoint of ZP CS-RStrigger in DCI format 1_1 triggers
one aperiodic ZP-CS-RS-ResourceSet in the list aperiodic-ZP-CS-RS - Resour ceSetsToAddModList by indicating the
aperiodic ZP CSl-RSresource set ID. The DCI codepoint '01' triggers the resource set with ZP-CSI-RS-ResourceSetlds
=1, the DCI codepoint '10' triggers the resource set with ZP-CS|-RS-ResourceSetlds = 2, and the DCI codepoint '11'
triggers the resource set with ZP-CSI-RS-ResourceSetlds = 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 resources in aperiodic-ZP-CS-RS-Resour ceSetsToAddModList 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 slot(s) of the PDSCH scheduled or the PDSCHs with SPS activated by the PDCCH containing the
trigger.
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For a UE configured with alist of 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 +

3NSHbITameR \yhere 1y is the SCS configuration for the PUCCH.

slot

- 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 slot that

isafter slot n + 3NS“2/79™Mek \where 1/is the SCS configuration for the PUCCH.

slot

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 TCI-Sate 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
tothe 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:

- 'QCL-TypeA'": { Doppler shift, Doppler spread, average delay, delay spread}
- 'QCL-TypeB'" { Doppler shift, Doppler spread}

- 'QCL-TypeC" { Doppler shift, average delay}

- 'QCL-TypeD": { Spatial Rx parameter}

The UE receives an activation command, 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 or in a set of
CCs/DL BWPs, respectively. When a set of TCI state IDs are activated for a set of CC/DL BWPs, where the applicable
list of CCsisdetermined by indicated CC in the activation command, the same set of TCI state IDs are applied for all
DL BWPsintheindicated CCs.

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 statesin the activation command.

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 + 3N /"™ where uisthe
SCS configuration for the PUCCH. If tci-PresentinDCI is set to "enabled" or tci-PresentForDCI-Format1-2-r16 is
configured for the CORESET scheduling the PDSCH, and 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 SS/PBCH block determined in the initial access

procedure with respect to '‘QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'.

If aUE is configured with the higher layer parameter tci-PresentinDCI that is set as 'enabled’ for the CORESET
scheduling the 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-PresentFor DCI-Format1-2-r16 for the
CORESET scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-
PresentForDCI-Format1-2-r16 is present in the DCI format 1_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
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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.

If the PDSCH 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 athreshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306].
When the UE is configured with asingle slot PDSCH, the indicated TCI state should be based on the activated TCI
states in the dot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI
state should be based on the activated TCI statesin the first slot with the scheduled PDSCH, and UE shall expect the
activated TCI states are the same across the dots with the scheduled PDSCH. 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 CSS], the UE expects tci-PresentInDCI is set as ‘enabled’ or tci-PresentFor DCI-Format1-2-r16
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-TypeD', the UE expects the time offset between the reception of the detected PDCCH in
the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationFor QCL.

Independent of the configuration of tci-PresentinDCI and tci-PresentFor DCI-Format1-2-r16 in RRC connected mode,
if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold
timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains the
'QCL-TypeD',

- the UE may assume that the DM-RS ports of PDSCH 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
amonitored search space with the lowest control ResourceSetld in the latest slot in which one or more
CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, 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, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. Thisalso
appliesto the intra-band CA case (when PDSCH and the CORESET are in different component carriers).

- If aUE isconfigured with enableDefault TCl StatePer CoresetPool Index-r 16 and the UE is configured by higher
layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in different
Control ResourceSets,

- the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex 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 CORESET s, which are configured with the same value of CORESETPoolIndex as
the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESET s associated with the
same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving
cell are monitored by the UE.

- If aUE isconfigured with enableTwoDefault TCl States-r16, and at |east one TCl codepoint indicates two TCl
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-r16 set to TDMSchemeA' or is configured with
higher layer parameter repetitionNumber-r16, the mapping of the TCI states to PDSCH transmission occasionsis
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
states in the slot with the first PDSCH transmission occasion.

- Inall cases above, if none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-
TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH
irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.

If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that
DCI ison another component carrier and the UE is configured with [enableDefaultBeamFor CCS):
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- ThetimeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If tppcch <

2HPDSCH

MeoscH @n additional timing delay d ~FPDocH is added to the timeDurationForQCL, where d is defined in
5.2.15.1a-1, otherwise d is zero;

- For both the cases, when the offset between the reception of the DL DCI and the corresponding PDSCH isless
than the threshold timeDurationFor QCL, and when the DL DCI does not have the TCI field present, the UE
obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable
to PDSCH in the active BWP of the scheduled cell.

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

- 'QCL-TypeC' with an SS/PBCH block and, when applicable, ‘QCL-TypeD' with the same SS/PBCH block, or

- 'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a CSI-RS resource in an NZP-
C9-RS-ResourceSet configured with higher layer parameter repetition, or

For an aperiodic CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer parameter trs-Info, the
UE shall expect that a TCI-Sate indicates 'QCL-TypeA' with a periodic CSI-RS resource in a NZP-CS -RS-Resour ceSet
configured with higher layer parameter trs-1nfo and, when applicable,'QCL-TypeD' with the same periodic CSI-RS
resource.

For a CSI-RS resource in a NZP-CS-RS-ResourceSet configured without higher layer parameter trs-Info 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):

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

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CH-RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with an SSYPBCH block , or

- 'QCL-TypeA' with aCSI-RS resource in a NZP-CH-RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CS-RS ResourceSet configured with
higher layer parameter repetition, or

- 'QCL-TypeB' with a CSI-RS resource in a NZP-CS -RS-ResourceSet configured with higher layer parameter trs-
Info when 'QCL-TypeD' is not applicable.

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

- 'QCL-TypeA' with aCSI-RS resource in a NZP-CH-RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CS -RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with
higher layer parameter repetition, or

- 'QCL-TypeC' with an SS/PBCH block and, when applicable, ‘QCL-TypeD' with the same SS/PBCH block.

For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location
type(s):
- 'QCL-TypeA' with a CSI-RS resource in a NZP-CS -RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CS -RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CS-RS-ResourceSet configured
with higher layer parameter repetition, or

- 'QCL-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, '‘QCL-TypeD' with the same CSI-RS
resource.
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For the DM-RS of PDSCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location
type(s):

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

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CS-RS-ResourceSet configured
with higher layer parameter repetition,or

- QCL-TypeA' with a CSI-RSresource in a NZP-CS-RS-ResourceSet configured without higher layer parameter
trs-Info and without higher layer parameter repetition and, when applicable, 'QCL-TypeD' with the same CSI-RS
resource.

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 and mobility.

For a CSI-RS resource associated with a NZP-CS -RS-ResourceSet 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 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET arein
different intra-band component carriers, if '‘QCL-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 is not
started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration
indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;

- 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 is not started, the most recent CSl measurement
occasion occursin DRX active time or during the time duration indicated by drx-onDurationTimer aso outside
DRX activetime for CSl to be reported,;

- otherwise, the most recent CSI measurement occasion occursin DRX active time for CS| 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-Resourceet 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 resourcesin two consecutive slots with two periodic NZP
CSI-RSresourcesin 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-ResourceSet consists of two periodic NZP CSI-RS resources in one slot.
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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-CSl-RS-ResourceSet of four
periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resourcesin each dot.

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 resourcesin 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 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. For frequency
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 resources is smaller than the UE reported
beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48} .
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 a dot. For the aperiodic
CSI-RSresource 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 slot, the
higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first dot for the first two
CSI-RSresourcesin the set.

A UE does not expect to be configured with a CS-ReportConfig that is linked to a CS-ResourceConfig containing an
NZP-CS-RS-ResourceSet configured with trs-1nfo and with the CSl-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-
CS-RS-Resource with the following restrictions:

the time-domain locations of the two CSI-RS resourcesin adat, or of the four CSI-RS resourcesin 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{48}, 159}, 0rl e {6,10} for frequency range 1 and frequency range 2,
- le{o4},1ef5}, e {2,6}, 1€ {3,7}, 1 {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-
r16 capability and X > 32 if the UE indicates trs-AddBW-Set2 for the Additional Bandwidth-r16 capability; 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 alocated 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, ; resource
blocks. For operation with shared spectrum channel access, freqBand configured by CS-RS-ResourceMapping,
is the 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.
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- theperiodicity and slot 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 pisdefined 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.

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-Resour ceSet 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 resourcesFor Channel Measurement) contains a
NZP-C3-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
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 'QCL-TypeD' if '‘QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with
the CSI-RSin PRBs that 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-Resour ce-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 '‘QCL-TypeD', when applicable.

If aUE is configured with the higher layer parameter CSl-RS-Resource-Mobility and with periodicity greater than 10 ms
in paired spectrum, the UE may assume the absolute value of the time difference between radio frame i between any
two cdlls, listed in the configuration with the higher layer parameter CS-RS-CellMobility and with same refFreqCS -
RS, islessthan 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 also outside active time based on CS-RS-Resource-Mobility.

If the UE is configured with DRX and DRX cyclein useislarger than 80 ms, 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 useislarger than 80ms, 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 also outside active time for measurements based on CSI-RS-Resource-Mobility.
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 when all CSI-RS resources
configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or,
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- 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 associatedSSB 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-
DownlinkFor PDSCH-MappingTypeA-For DCI-Format1-2-r 16 and dmrs-DownlinkFor PDSCH-Mapping TypeB-
ForDCI-Format1-2-r16 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkFor PDSCH-
MappingTypeB.

When receiving PDSCH scheduled by DCI format 1_0 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, the UE shall assume dmrs-Additional Position="pos2' and up to two additional
single-symbol DM-RS present in a dot 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 allocation duration of 7 symbols for normal CP or 6 symbols for extended CP with mapping
type B, the UE shall assume one additional single-symbol DM-RS present in the 5th or 6" symbol when the
front-loaded DM-RS symbol isin the 1% or 2™ symbol respectively of the PDSCH allocation duration, otherwise
the UE shall assume that the additional DM-RS symbol is not present, and

- For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume that no additional
DM-RS are present, and

- For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that no additional
DM-RS are present, and 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,

- 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
as described in Clause 7.4.1.1.2 of [4, TS 38.211].
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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), njy " 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 isscheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11
or 30} in Table 7.3.1.2.2-1 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 Table7.3.1.2.2-1A 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,

- 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} in Table 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-ForDCI-Format1-2-r16 or dmrs-DownlinkForPDSCH-MappingTypeB-
ForDCI-Format1-2-r16 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-
DownlinkForPDSCH-MappingTypeB, the UE may assume that the following configurations are not occurring
simultaneoudly 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.
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When receiving PDSCH scheduled by DCI format 1_0, the UE shall assume the number of DM-RS CDM groups
without dataiis 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 correspondsto CDM group {0,1}
for all 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 in the same OFDM symbol(s), then the UE may
assume that the DM-RS and SS/PBCH block are quasi co-located with 'QCL-TypeD', if ‘QCL-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, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH
block ina CC except for the case of 240 kHz where only different subcarrier spacing is supported.

If aUE is configured by the higher layer parameter PDCCH-Config that contains two different val ues of
CORESETPoolIndex in Control ResourceSet, the UE may be scheduled with fully or partially overlapping PDSCHsin
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-r 16 in PDSCH-TimeDomainResour ceAllocation-r16 and it isindicated with two TCI states
in 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 TCl 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.

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-
ForDCI-Formatl1-2-r16 or dmrs-DownlinkFor PDSCH-MappingTypeB-ForDCI-Formatl-2-r16 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.

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 asit 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, asshownin 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 M CS 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 Kpr.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-RSis present with Lprrs
=1, Kpr.rs = 2, and the UE shall assume PT-RSis not present when

- the scheduled MCS from Table 5.1.3.1-1 issmaller than 10, or
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- the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or
- the scheduled MCS from Table 5.1.3.1-3 issmaller than 15, 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 (Lppgre)

Imcs < ptrs-MCS: PT-RS is not present
ptrs-MCS1 < Ivcs < ptrs-MCS2 4
ptrs-MCS2 < lucs < ptrs-MCS3 2
ptrs-MCS3 < Iucs < 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 < NrBo PT-RS is not present
Nreo < Nre < Nrs1 2
Nre: < Nre 4

If aUE is not configured with the higher layer parameter phaseTrackingRSin 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 is used and 0-28 when MCS Table 5.1.3.1-2 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 isused and 28 when MCS Table 5.1.3.1-2 is used, respectively. The higher layer parameter
frequencyDensity in PTRS-DownlinkConfig provides the parameters Nrgi 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 (Ler.rs) and PT-RS frequency density (Kpr-rs), shown in 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-RS is not present.

When the UE isreceiving a PDSCH with allocation duration of 2 symbols as defined in Clause 7.4.1.1.2 of [4, TS
38.211] and if Lprrsisset to 2 or 4, the UE shall assume PT-RS is 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 isreceiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where
V=28 for MCS Table 5.1.3.1-1 and Table 5.1.3.1-3, and V=27 for MCS Table 5.1.3.1-2 respectively, the MCS for the
PT-RS time-density determination is obtained from the DCI received for the same transport block in the initial
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 {'QCL-TypeA'
and 'QCL-TypeD'} .If aUE 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.
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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-r 16 in PDSCH-TimeDomainResour ceAllocation-r 16, and if the UE is configured with the
higher layer parameter maxNrofPorts equal to n2, 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-r16 set to 'FDMSchemeA' or 'FDMSchemeB',
and 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 inthe DCI field " Antenna Port(s)", the UE shall receive asingle PT-RS port
which is 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 TCl 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-r16 and nr-DL-PRS-Resource-r16. 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
PositioningFrequencylLayer-r16. 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-r16.

The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters
nr-DL-PRS-PositioningFreguencylLayer-r 16, nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r 16 defined by
Clause 6.4.2.1[17, TS 37.355].

A positioning frequency layer consists of one or more DL PRS resource sets and it is defined by Clause 6.4.2.1[17, TS
37.355]:

- dI-PRS Subcarrier Spacing-r 16 defines the subcarrier spacing for the DL PRS resource. All DL PRS resources
and DL PRS resource setsin the same DL PRS positioning frequency layer have the same value of dI-PRS
Subcarrier Spacing-r16. The supported values of diI-PRS-Subcarrier Spacing-r16 are given in Table 4.2-1 of [4,
TS38.211].

- DL-PRS-CyclicPrefix defines the cyclic prefix for the DL PRS resource. All DL PRS Resourcesand DL PRS
Resource sets in the same DL -PRS-PositioningFrequencylL ayer have the same value of DL-PRS-CyclicPrefix.
The supported values of DL-PRS-CyclicPrefix are given in Table 4.2-1 of [4, TS38.211].

- dI-PRSPointA-r16 defines the absol ute frequency of the reference resource block. Its lowest subcarrier is aso
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 a common Point A.

The UE expectsthat it will be configured with dI-PRS-1D-r16 each of which is defined such that it is associated with
multiple DL PRS resource sets from the same cell. The UE expects that one of these dI-PRS-ID-r16 along with anr-DL-
PRS-ResourceSetld-r16 and a nr-DL-PRS-Resourcel d-r16 can be used to uniquely identify a DL PRS resource.

A DL PRS resource set consists of one or more DL PRS resources and it is defined by Clause 6.4.2.1 [TS 37.355]:
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nr-DL-PRS ResourceSetl d-r16 defines the identity of the DL PRS resource set configuration.

dI-PRS-Periodicity-and-Resour ceSetS otOffset-r 16 defines the DL PRS resource periodicity and takes values
Trn € 2#{4,5,8,10, 16, 20, 32,40, 64,80, 160,320, 640, 1280, 2560, 5120, 10240} slots, where u =

0,1, 2,3 for dI-PRS-Subcarrier Spacing-r16=15, 30, 60 and 120 kHz respectively and the dot offset for DL PRS
resource set with respect to SFNO dlot 0. All the DL PRS resources within one DL PRS resource set are
configured with the same DL PRS resource periodicity.

dI-PRS-Resour ceRepetitionFactor-r16 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-r16 defines the offset in number of dlots between two repeated instances of aDL PRS
resource with the same nr-DL-PRS-ResourceSetld-r 16 within a single instance of the DL PRS resource set. The
UE only expects to be configured with dI-PRS-ResourceTimeGap-r16 if dI-PRS-Resour ceRepetitionFactor-r16
is configured with value greater than 1. The time duration spanned by one instance of a nr-DL-PRS-Resour ceSet-
r16 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-r16.

dI-PRS-MutingOption1-r16 and dI-PRS-MutingOption2-r16 define the time locations where the DL PRS
resource is expected to not be transmitted for aDL PRS resource set. If mutingOptionl is configured, each bit in
the bitmap of mutingOptionl corresponds to a configurable number provided by higher layer parameter dI-PRS-
MutingBitRepetitionFactor-r16 of consecutive instances of a DL PRS resource set where all the DL PRS
resources within the set are muted for the instance that is indicated to be muted. The length of the bitmap can be
{2, 4, 6, 8, 16, 32} bits. If mutingOption?2 is configured each bit in the bitmap of mutingOption2 corresponds to a
single repetition index for each of the DL PRS resources within each instance of a nr-DL-PRS-ResourceSet-r16
and the length of the bitmap is equal to the values of dI-PRS-ResourceRepetitionFactor-r16. Both
mutingOption1 and mutingOption2 may be configured at the same time in which case the logical AND operation
isapplied to the bit maps as described in Clause 7.4.1.7.4 of [4, TS 38.211].

nr-DL-PRS S-NO-Offset-r 16 defines the time offset of the SFNO slot O for the transmitting cell with respect to
SFNO dlot 0 of reference cell.

dI-PRS-CombS zeN-r16 defines the comb size of aDL PRS resource where the allowable values are given in
Clause 7.4.1.7.1 of [TS38.211]. All DL PRS resource sets belonging to the same positioning frequency layer
have the same value of dI-PRS CombSizeN-r16.

dI-PRS ResourceBandwidth-r16 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 positioning frequency layer have the same value of dI-PRS-ResourceBandwidth-r16.

dlI-PRS SartPRB-r16 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 di-PRS-PointA-r16. 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 positioning frequency layer have the same value of dI-PRS-StartPRB-r16.

A DL PRSresource is defined by:

dI-PRS-ResourceList-r16 determines the DL PRS resources that are contained within one DL PRS resource set.

nr-DL-PRS-Resourcel d-r16 determines the DL PRS resource configuration identity. All DL PRS resource IDs
arelocally defined within aDL PRS resource set.

dI-PRS-Sequencel d-r16 is used to initialize cinit value used in pseudo random generator [4, TS38.211, 7.4.1.7.2]
for generation of DL PRS sequence for agiven DL PRS resource.

dI-PRS-CombS zeN-and-ReOffset-r16 defines the starting RE offset of the first symbol withina DL PRS
resource in frequency. The relative RE offsets of the remaining symbols within a DL PRS resource are defined
based on theinitial offset and the rule described in Clause 7.4.1.7.3 of [4, TS38.211].

dI-PRS-Resourced otOffset-r 16 determines the starting slot of the DL PRS resource with respect to
corresponding DL PRS resource set slot offset

dl-PRS-ResourceSymbol Offset-r 16 determines the starting symbol of a dot configured with the DL PRS
resource.
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- dI-PRS-NumSymbols-r 16 defines the number of symbols of the DL PRS resource within a slot where the
allowable values are givenin Clause 7.4.1.7.1 of [4, TS38.211].

- dI-PRS-QCL-Info-r16 defines any quasi-colocation information of the DL PRS resource with other reference
signals. The DL PRS may be configured to be 'QCL-Type-D' withaDL PRS or SS/PBCH Block from a serving
cell or anon-serving cell. The DL PRS may be configured to be 'QCL-Type-C' with a SS/PBCH Block from a
serving or non-serving cell. If the DL PRS s configured as both 'QCL-Type-C' and 'QCL-Type-D' with a
SS/PBCH Block then the SSB index indicated should be the same.

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

The UE may be indicated by the network that a DL PRS resources can be used as the reference for the DL RSTD, DL
PRS-RSRP, and UE Rx-Tx time difference measurementsin a higher layer parameter nr-DL-PRS-Referencel nfo-r16.
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-r 16 and nr-DL-PRS-expectedRSTD-uncerainty-r16. 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-r16 may include an dI-PRS-ID-r16, a DL PRS resource set ID, and optionally asingle DL PRS resource
ID or alist of DL PRS resource IDs. 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-r16, the DL PRS resource ID(s) or the DL PRS resource set 1D used to determine
the reference.

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

- timingQualityValue-r16 which provides the best estimate of the uncertainty of the measurement
- timingQualityResolution-r16 which specifies the resolution levels used in the timingQualityValue-r16 field.

The UE expectsto be configured with higher layer parameter nr-DL-PRS-expectedRSTD-r 16, which defines the time
difference with respect to the received DL subframe timing the UE is expected to receive DL PRS, and DL-PRS
expectedRSTD-uncertainty-r 16, which defines a search window around the nr-DL-PRS-expectedRSTD-r 16.

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

SgnalMeasurement| nformation or NR-Multi-RTT-S gnal MeasurementInformation 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, UE Tx-Rx time difference.

For the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements the UE can report an associated
higher layer parameter nr-TimeStamp-r16. The nr-TimeStamp-r16 can include 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-r 16.

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 outside the active DL BWP it may request a measurement gap in higher
layer parameter measGapConfig.

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 also 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
cells with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the DL PRS
configured for those cells. The up to 4 measurements being performed on the same pair of cellsand al DL RSTD
measurements in the same report use a single reference timing.

The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS RSRP measurements on
different DL PRS resources from the same cell. 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-RxBeamlndex 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..
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The UE may be configured to measure and report, subject to UE capability, up to 4 UE Rx-Tx time difference
measurements corresponding to asingle configured SRS resource or resource set for positioning. Each measurement
corresponds to a single received DL PRS resource or resource set which can be in different positioning frequency
layers.

The UE may be configured to measure and report, subject to UE capability, the timing and the quality metrics of up to 2
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-r16 or nr-UE-RXTXTimeDiff-r 16.

If the UE is configured with dI-PRS-QCL-Info-r16 and the QCL relation is between two DL PRS resources, then the UE
assumes those DL PRS resources are from the same cell. If dI-PRS-QCL-Info-r16 is configured to the UE with 'QCL-
Type-D' with a source DL-PRS-Resource then the nr-DL-PRS-ResourceSetld-r 16 and the nr-DL-PRS-Resourcel d-r16
of the source DL PRS resource are expected to be indicated to the UE.

UE is not expected to process DL PRS without configuration of measurement gap.

For the case when measurement gap is configured, the UE DL PRS processing capability is defined in [TS 38.306
Clause 4.2.7.2]. For the purpose of DL PRS processing capability, the duration K ms of DL PRS symbols within any P
ms 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 mswithin 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”, T;’“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.
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 atransport 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:{%wand K, =L%J

If M; >0,CBGmM, m=0.1,..,M, -1, consists of code blocks with indices 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 16.3.0 Release 16 49 ETSI TS 138 214 V16.3.0 (2020-11)

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_1 isof length N5 - N bits, where Ny isthe
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 corresponds to the first TB while the second set
of N bits corresponds to asecond TB, if scheduled. The first 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 istransmitted.

- If the CBG flushing out information (CBGFI) field of the scheduling DCI is present, CBGFI set to 0
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 SizeForDCI-Format0-2-r16 instead of reportTriggerSize.

The time and frequency resources that can be used by the UE to report CSI 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 or L1-SINR.

For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, L1-SINR 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 CS-AperiodicTrigger Statelist contains alist of associated CS -ReportConfigs
indicating the Resource Set IDs for channel and optionally for interference. Each trigger statein CS-
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 CSI-related quantities to be
reported by the UE such asthe layer indicator (L1), L1-RSRP, L1-SINR, CRI, and SSBRI (SSB Resource Indicator).

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 PersistentOnPUSCH CSlI reporting, the configured periodicity and slot offset appliesin
the numerology of the UL BWP in which the CSI report is configured to be transmitted on. The higher layer parameter
reportQuantity indicates the CSl-related, L1-RSRP-related or L1-SINR-related quantities to report. The
reportFreqConfiguration indicates the reporting granularity in the frequency domain, including the CSl reporting band
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and if PMI/CQI reporting is wideband or sub-band. The timeRestrictionFor Channel Measurements parameter in CSl -
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-1l, Type Il or Enhanced Type |l CSl including codebook subset restriction, 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 CSl Resource Sets (given by
higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSl-
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 CSI Resource
Settings linked to a CSI Report Setting have the same DL BWP.

The time domain behavior of the CSI-RS resources within a CSI 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, 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 slot offset is given in the numerology of its associated DL BWP,
as given by BWP-id. When a UE is configured with multiple CS-ResourceConfigs consisting the same NZP CSI-RS
resource | D, the same time domain behavior shall be configured for the CS-ResourceConfigs. When a UE is configured
with multiple CS-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be
configured for the CS -ResourceConfigs. All CSl Resource Settings linked to a CSl Report Setting shall have the same
time domain behavior.

The following are configured via higher layer signaling for one or more CS| 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 CSI reporting are resource-wise QCLed with respect to 'QCL-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 CSl- IM resource or NZP CSI-RS resource(s) for interference measurement
configured for one CSI reporting are QCL ed with respect to 'QCL-TypeD'.

For L1-SINR measurement:

- When one Resource Setting is configured, the Resource Setting (given by higher layer parameter
resour cesk-or 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
resour cesFor Channel Measurement) is for channel measurement on SSB or NZP CSI-RS and the second one
(given by either higher layer parameter csi-IM-ResourcesFor I nterference or higher layer parameter nzp-CS-RS-
ResourcesFornterference) 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-RSresource for channel measurement and CSI-1M 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 'QCL-TypeD' RS configured to the NZP CSI-RS resource for channel
measurement, as the reference RS for determining 'QCL-TypeD' assumption for the corresponding CSI-IM
resource or the corresponding NZP CSI-RS resource for interference measurement configured for one CSI

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

- [When three Resource Settings are configured, the first one Resource Setting (given by higher layer
parameterresour cesFor Channel Measurement) is for channel measurement on SSB or NZP CSI-RS. The second
one (given by either higher layer parameter csi-lIM-ResourcesForInterference) is for interference measurement
performed on CSl-IM, where each NZP CSI-RS resource set for channel measurement is associated with one
CSI-IM resource for interference measurement. The Third one (given by higher layer parameter nzp-CS-RS
ResourcesFor|nterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3

REYRB ]
5.2.1.3 (void)

5.21.4

Reporting configurations

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

reported)

- LI 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

- Rl shall be calculated conditioned on the reported CRI.

The Reporting configuration for CS| 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 CSI Reporting configurations and CSI-RS Resource
configurations and how the CS| Reporting istriggered 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-RS s configured and triggered/activated as described in Clause 5.2.1.5.1.

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
5.2.1.5.1.

When the UE is configured with higher layer parameter NZP-CS -RS-ResourceSet and when the higher layer parameter
repetition is set to 'of ', 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 is set
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to'on’, CRI is not reported. CRI reporting is not supported when the higher layer parameter codebookType is set to
either 'typell’, 'typel |-PortSelection’, 'typelI-r16' or to 'typel |-PortSelection-r16'.

For a periodic or semi-persistent CSI report on PUCCH, the periodicity T,g; (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 ng ; satisfying

frame,u
(Nslot

Ny + ng,f - Toffset)mOd Tesi =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 sots) is configured by the higher layer
parameter reportSotConfig. Unless specified otherwise, the UE shall transmit the CSI report in frames with SFN ny and

slot number within the frame n{ . satisfying

fi §
(Ngae ™" (np — nferty + ng_f - ng_tfa”)mod Tegi =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 CSl 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 reportSotOffsetListFor DCI-Format0-2-
r16 is configured, the allowed dlot offsets are configured by reportSotOffsetListFor DCI-Format0-2-r16, and

- if triggered/activated by DCI format 0_1 and the higher layer parameter reportSotOffsetListFor DCI-FormatO-1-
r16 is configured, the allowed dlot offsets are configured by reportdotOffsetListFor DCI-Format0-1-r16, and

- otherwise, the allowed slot offsets are configured by the higher layer parameter reportSotOffsetList.
The offset is selected in the activating/triggering DCI.

For CSl reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where
asubband isdefined as NSB, contiguous PRBs and depends on the total number of PRBs in the bandwidth part

PRB

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:

- 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-Formatindicator.
When wideband CQI reporting is configured, a wideband CQI is reported for each codeword for the entire CS|
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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-Formatindicator.
When wideband PM1 reporting is configured, a wideband PMI is reported for the entire CSI reporting band.
When subband PMI reporting is configured, except with 2 antenna ports, a single wideband indication (i1 in
Clause 5.2.2.2) is reported 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.

- aUEisnot expected to be configured with pmi-Formatindicator if codebookConfig is set to ‘typell-r16' or
‘typell-PortSelection-r16'.

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

- reportQuantity is set to 'cri-RI-PMI-CQI', or ‘cri-RI-LI-PMI-CQI', cqi-Formatlndicator is set to 'widebandCQI'
and pmi-Formatindicator is set to 'widebandPMI', or

- reportQuantity is set to ‘cri-RI-i1" or
- reportQuantity is set to 'cri-RI-CQI" or 'cri-RI-i1-CQI" and cqi-Formatlndicator is set to 'widebandCQl', or
- reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP' or 'cri-SINR', or 'ssb-Index-SINR'

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

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 is given by N, —( Nim, MmN, ) and the last subband size given by (Nip, +N5m, | modN, if

(NG, +Nom ) modN, 20 and &, if (Nios, +Nire, | modN, =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 CSl 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 CS| reports with the same
CS-ReportConfigld.

5.2.1.4.1 Resource Setting configuration

For aperiodic CSl, each trigger state configured using the higher layer parameter CS-AperiodicTrigger Stateis
associated with one or multiple CS-ReportConfig where each CS-ReportConfig is linked 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 Channel Measurement) 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
resour cesF-or Channel Measurement) is for channel measurement and the second one (given by either higher layer
parameter csi-IM-Resourceskor|nterference or higher layer parameter nzp-CS -RS-Resour cesFor I nterference) 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
resourcesFor Channel Measurement) is for channel measurement, the second one (given by higher layer
parameter csi-IM-ResourcesFor|nterference) isfor CSI-IM based interference measurement and the third one
(given by higher layer parameter nzp-CS-RS-Resour cesFor Interference) isfor NZP CSI-RS based interference
measurement.

For semi-persistent or periodic CSl, each CS-ReportConfig islinked to periodic or semi-persistent Resource Setting(s):
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- When one Resource Setting (given by higher layer parameter resourcesFor ChannelMeasurement) 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
resourcesFor ChannelMeasurement) is for channel measurement and the second Resource Setting (given by
higher layer parameter csi-IM-ResourcesFor|nterference) 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 I nterference) is used for
interference measurement performed on CSI-IM or on NZP CSI-RS.

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 either 'typel ', ‘typel |-PortSelection', 'typel I -
r16' or to 'typell-PortSelection-r16'. 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 CSI-ReportConfig with the higher
layer parameter reportQuantity set to 'none’, ‘cri-RI-CQI', 'cri-RSRP', 'ssb-Index-RSRP, 'cri-SINR' or 'ssh-Index-SINR'.
If interference measurement is performed on CSI-IM, 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.

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

ResourcesFor I nterference 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 [and/] or dedicated
CSl-IM resource for interference measurement corresponds to interference and noise.

5.2.1.4.2 Report Quantity Configurations

A UE may be configured with a CS-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', 'ssh-1ndex-RSRP, 'ssb-Index-SINR'
or ‘cri-RI-LI-PMI-CQI".

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

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', 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-il,

- 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 shall report a PMI consisting of a single wideband indication (i, in Clause 5.2.2.2.1) for the entire CSI
reporting band.

If the UE is configured with a CS -ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-i1-CQI’,
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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 shall report a PMI consisting of a single wideband indication (i, in Clause 5.2.2.2.1) for the entire CSI
reporting band. The CQI is calculated conditioned on the reported i, assuming PDSCH transmission with N b1

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 fromthe set of N, precoders for each PRG on PDSCH, where the PRG size for

CQI calculation is configured by the higher layer parameter pdsch-BundleSizeForCSl.

If the UE is configured with a CSl-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-Portlndication contains a sequence

pél), péz), pfz), pé?’), pf’), p§3),...,p(R), pr),...,pgf)l of port indices, where p{” ..., p() arethe CSI-RS port

indices associated withrank v and re {1,2,..., P} WherePe {1,2,4,8} isthe number of portsin the CSI-RS
resource. The UE shall only report Rl corresponding to the configured fields of PortlndexFor8Ranks.

if the UE is not configured with higher layer parameter non-PMI-Portlndication, the UE assumes, for each CSI-
RS resource in the CSI resource setting linked to the CS-ReportConfig, that the CSI-RS port indices
p&) ..., p¥), ={o0,...,v -1} areassociated withranks v=12,...,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' or
'ssb-Index-RSRP',

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 reportin 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 either with asingle spatial domain receive filter, or with
multiple simultaneous spatial domain receive filters.

If the UE is configured with a CSl-ReportConfig with the higher layer parameter reportQuantity set to 'cri-SINR' or
'ssb-Index-SINR',

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘disabled’, the UE shall
report in a single report nrofReportedRSFor SINR (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 CS-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-LI1-PMI-CQI', or ‘cri-SINR',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-RSResource in the corresponding nzp-CS-RS-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-RSResource in the corresponding nzp-CS-RS-Resour ceSet (if configured for CSl-

ReportConfig with reportQuantity set to 'cri-SINR') for interference measurement. If K, = 2 CSI-RS resources are
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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 CS-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-
RSRP, the UE shall report SSBRI, where SSBRI k (k> 0) corresponds to 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 CS-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-
SINR', 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-Resourcel.ist in the 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-RSResource in 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-PMI1-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 CS-ReportConfig with higher layer parameter reportQuantity set to ‘cri-RSRP, ‘cri-
SINR' or 'none’ and the CS-ReportConfig is linked to a resource setting configured with the higher layer parameter
resourceType set to ‘aperiodic’, then the UE is not expected to be configured with more than 16 CSI-RS resourcesin 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 L1 corresponds to strongest layer of the first 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 instances of any nzp-CS-RSResource in the corresponding nzp-CS-RS
ResourceSet for channel measurement located in different DL transmission bursts (defined in [16, TS 37.213)).

- 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].

5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP computation

- the UE may be configured with CSI-RS resources, SSYPBCH Block resources or both CSI-RS and SS/PBCH
block resources, when resource-wise quasi co-located with 'QCL-Type C' and 'QCL-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 al 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’, the UE shall use differential L 1-RSRP based reporting, where the
largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and
the differential L1-RSRP is quantized to a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size
with areference to the largest measured L1-RSRP value which is part of the same L 1-RSRP reporting instance. The
mapping between the reported L 1-RSRP value and the measured quantity is described in [11, TS 38.133].

If aUE is not configured with higher layer parameter timeRestrictionFor Channel Measurements in CS -ReportConfig,
the UE shall derive the channel measurements for computing L1-RSRP value reported in uplink slot n based on only the
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.

ETSI



3GPP TS 38.214 version 16.3.0 Release 16 57 ETSI TS 138 214 V16.3.0 (2020-11)

If aUE is configured with higher layer parameter timeRestrictionFor Channel Measurements in CSl-ReportConfig, 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 CS| reference resource, occasion of SS/PBCH or NZP CSI-RS (defined in [4, TS 38.211])
associated with the CSI resource setting.

5.21.4.4 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 nrofReportedRSFor SSINR in CSl-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 nrofReportedRSFor SINR is 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.

5.2.1.5 Triggering/activation of CSI Reports and CSI-RS

5.2.151 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 CS-AperiodicTrigger StateList. For
aperiodic CSl report triggering, asingle set of CSl triggering states are higher layer configured, wherein the CSl 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 per dot. A UE is not expected to be configured with different TCl-Statel d's for the same aperiodic CSI-RS
resource 1D 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 CSl report request for transmission in agiven slot.
If aUE does not indicateits capability of CStrigger 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 aDL BWP that is
non-active when expecting to receive the most recent occasion, no later than the CSI 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 CSl report associated with
that BWP isomitted. When a UE istriggered with aperiodic NZP CSI-RSinaDL BWP that is non-active when expecting
to receive the NZP CSI-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.

A trigger stateisinitiated using the CSl request field in DCI.

- When all the bits of CHl request field in DCI are set to zero, no CSl is requested.

- When the number of configured CSl triggering statesin CS-AperiodicTrigger Satelist is greater than 2N 1,
where N g isthe number of bitsin the DCI CSl request field, the UE receives a subselection indication, as
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described in clause 6.1.3.13 of [10, TS 38.321], used to map up to 2"t —1 trigger states to the codepoints of the
CS request field in DCI. N isconfigured by the higher layer parameter reportTrigger Sze where

Nqs € {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 subselection indication, the corresponding action in [10, TS 38.321]
and UE assumption on the mapping of the selected CSl trigger state(s) to the codepoint(s) of DCI CSI request

field shall be applied starting from the first slot that is after slot . + 3N/ ™™ where u is the SCS
configuration for the PUCCH.

- 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 gcl-info which contains alist of referencesto TCI-
Sate's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a Sate referred to in the list
is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SSYPBCH 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, asdefined in[13, TS
38.306], when the reported value is one of the values of {14, 28, 48} and enableBeamSwitchTiming-r16 is
not provided, or is smaller than 48 when the reported value of beamSwitchTiming-r16 is one of the values of
{224, 336} and enableBeamSwitchTiming-r16 is provided.

- 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], 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} and enableBeamSwitchTiming-r16 is not provided, aperiodic CSI-RS scheduled with offset
larger than or equal to 48 when the reported value of beamSwitchTiming-r16 is one of the values {224,
336} and enableBeamSwitchTiming-r16 is provided, periodic CSI-RS, semi-persistent CSI-RS;

- ¢eseif at least one CORESET is configured for the BWP in which the aperiodic CSI-RS s 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 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 resourcesis equal to or greater than the UE reported threshold
beamSwitchTiming when the reported value is one of the values of {14,28,48} and
enableBeamSwitchTiming-r16 is not provided, or is equal to or greater than 48 when the reported val ue of
beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided, the
UE is expected to apply the QCL assumptionsin the indicated TCI states for the aperiodic CSI-RS resources
in the CSI triggering state indicated by the CSl trigger field in DCI.

- 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 SateList with
codepoint '1' mapped to the triggering state in the first position.

For a UE configured with the higher layer parameter CS-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. The CSI-RS triggering offset has the
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valuesof {0, 1, 2, 3,4,5, 6, ..., 15, 16, 24} dots. If the UE is not configured with minimumSchedulingOffsetKO for any
DL BWP or minimumSchedulingOffsetK2 for any UL BWP and if all the associated trigger states do not have the higher
layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states, the CSI-RStriggering 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 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.

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 the UE reported threshold beamSwitchTiming + d - 2#¢sirs /2#PpccH jn CSl-RS symbols, as
defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48} and
enableBeamSwitchTiming-r16 is not provided, or is smaller than 48+ d - 2#¢sirs /2#PDCcH jn CSI-RS symbols
when the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and
enableBeamSwitchTiming-r16 is provided, where if the teoccr < Hesirs, the beam switching timing delay d is
definedin Table 5.2.1.5.1a-1, elsed iszero

- if one of the associated trigger states has the higher layer parameter qcl-Type set to 'QCL-TypeD’,

- 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 + d - 2#¢sIrs /2#PDccH jn CSI-RS symbols when
the reported value is one of the values {14,28,48} and enableBeamSwitchTiming-r16 is not provided,
aperiodic CSI-RS scheduled with offset larger than or equal to 48+ d - 2#¢sIRs /2FPDCCH jn CSI-RS
symbols when the reported value of beamSwitchTiming-r16 is one of the values { 224, 336} and
enableBeamSwitchTiming-r16 is provided, periodic CSI-RS, semi-persistent CSI-RS;

- 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 controlResourceSetld 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 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-RS isto 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 resourcesis equal to or greater than the UE reported threshold beamSwitchTiming +d -
2#csirs [2kPDCcH in CS|-RS symbols, when the reported value is one of the values of {14,28,48} and
enableBeamSwitchTiming-r16 is not provided, or is equal to or greater than 48+d - 2#¢SIRs /21PDCCH [n CSI-RS
symbols when the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and
enableBeamSwitchTiming-r16 is provided, where if the pppcch < Hesirs, the beam switching timing delay d is
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definedin Table 5.2.1.5.1a-1, else d is zero, the UE is expected to apply the QCL assumptions in the indicated
TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSl trigger field in
DCI.

Table 5.2.1.5.1a-1: Additional beam switching timing delay d

HPDCCH d [PDCCH symbols]
0 8
1 8
2 14

Aperiodic CSI-RS timing:

5.2.1.5.2

When the aperiodic CSI-RSis used with aperiodic CSl reporting, the CSI-RS triggering offset X is configured
per resource set by the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r 16,
including the case that the UE is not configured with minimumSchedulingOffsetk0-r16 for any DL or UL BWP
and all the associated trigger states do not have the higher layer parameter qcl-Type set to '‘QCL-TypeD' in the
corresponding TCI states. The CSI-RS triggering offset hasthe values of {0, 1, ..., 31} sots when the pppccn <
Mesrsand {0, 1, 2, 3, 4,5, 6, ..., 15, 16, 24} when the Uppccr > Hesirs.. The aperiodic CSI-RSistransmitted ina

CA CA
ot {n. 2ucsRs ‘+ X +M Ngot oftset,poccH  Nefot offset,caRs

2/‘PDCCH 2/‘offsa,PDCCH 2/‘0ffsel,CSRS

] - QUCsRs ‘ , iIf UE is configured with ca-SotOffset for

2#CS RS

‘+ X', otherwise, and where
Z#PDCCH

at least one of the triggered and triggering cell, and Ks= {n-

- 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-r 16,

- Ucsirs aNd upp ey are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,

CA CA ; : ;
- Nslot, offset, PDCCH and Hoffset, pDCCHA® the Nslot, offset and the:uoffset ’ respectlvely, which are determined by

higher-layer configured ca-SotOffset for the cell receiving the PDCCH

H CA CA H i
respectlvely, Nslot, offset, CSIRS and Moffset, cSIRs A€ the Nslot, offset and the/uoffset ' respectlvely, 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 Wepcch < Hesirs, the UE is expected to be able to measure the aperiodic CSl RS, if the CSI-RS starts no
earlier than the first symbol of the CSI-RS carrier's dot that starts at least Ncsirs PDCCH symbols after the end
of the PDCCH triggering the aperiodic CSI-RS.

If the Pepccr > Mesirs, the UE is expected to be able to measure the aperiodic CSI 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.

Table 5.2.1.5.1a: Ncsirs @s a function of the subcarrier spacing of the triggering PDCCH

HPDCCH Nesirs [symbols]
0 4
1 5
2 10
3 [14]

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 StatelList, where the CSl 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 CSI report with the same CSI-ReportConfigld asin a semi-persistent CSl report which is activated by a
previoudly received DCI scrambled with SP-CSI-RNTI.
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For semi-persistent reporting on PUCCH, the PUCCH resource used for transmitting the CSI 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 Slot that is after slot n + 3NSX2/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 aUE 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-State'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 +
3NZEPITamer where u is the SCS configuration for the PUCCH. If a TCI-State referred to in the list is

configured with areference to an RS associated with 'QCL-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/ICSI-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-
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 “2/74™eH where 11 is the SCS configuration for the PUCCH.

slot

A codepoint of the CSI request field in the DCI is mapped to a SP-CSI triggering state according to the order of the
positions of the configured trigger states in CS -SemiPersistentOnPUSCH-Trigger Statelist, with codepoint ‘0" mapped
to the triggering state in the first position. A UE validates, for semi-persistent CSl activation or release, a DL semi-
persistent assignment PDCCH 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
$p-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 CSl 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 anon-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 setto all '0's
Redundancy version setto all '0's

Table 5.2.1.5.2-2: Special fields for semi-persistent CSI deactivation PDCCH validation

DCI format 0_1/0_2
HARQ process number setto all '0's
Modulation and coding scheme settoall 'l's
If higher layer configures RA type 0 only, set to all '0's;
If higher layer configures RA type 1 only, set to all '1's;
If higher layer configures dynamic switch between RA type 0 and 1,
then if MSB is'0', set to all 'O's; else, setto all '1's
For DCI 0_1, if higher layer configures RA type 2, setto all '1's if p =
0;settoall'Osifu=1
Redundancy version setto all '0's

Resource block assignment
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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 configurationsin 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.

5.2.1.6 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

YM200) < 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 CS-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP',
'ssh-Index-RSRP, 'cri-SINR', 'ssh-Index-SINR' or 'none’ (and CS-RS-Resour ceSet 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 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 CS| correspondsto asingle CSI with wideband
frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where
codebookType is set to 'typel -SinglePanel* or where reportQuantity is set to 'cri-RI-CQI', Ocpy = Nepy s

- 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 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 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 CSI 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.

- Aninitial semi-persistent CSI 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.

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 is 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;
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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 CSI 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 Z5
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 PUSCH containing the report
associated with this aperiodic CSI-RS. 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-RSis configured by higher layer signalling, and ending when the periodic CSI-RS configuration
isreleased. If a CSI-RS resourceisreferred 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.

522 Channel state information

5221 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