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Foreword

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

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

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

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

z the third digit is incremented when editorial only changes have been incorporated in the document.

3GPP



Release 16 7 3GPP TS 38.214 V16.1.0 (2020-03)

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”

[11] 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 signalling transport"

[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"
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 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

Ccal Channel quality indicator

CPU CSI processing unit

CRB Common resource block

CRC Cyclic redundancy check

CRI CSI-RS Resource Indicator

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 Quiasi 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

SS Synchronisation signal

SSS Secondary Synchronisation signal

3GPP
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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
TCI 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 IAB 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 SS/PBCH 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 all 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 powerControlOffsetSS 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
( Bomrs [dB]) is given 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 ﬂf@iﬁi specified in Clause 7.4.1.1.2 of [4, TS 38.211] is given by

_ﬁDMRs
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 a PT-RS port 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 PT-RS port ( p, ) iS given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling

PPTRS

factor .. specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by 8., =10 2 .

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

3GPP
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Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE (ppr )

The number of PDSCH layers
epre-Ratio
1 2 3 4 5 6
0 0 3 477 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-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default
number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 decode the corresponding
PDSCHs as indicated by that DCI. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to
receive a PDSCH that overlaps in 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 a given scheduled cell, the UE is not expected to receive a first PDSCH in slot
i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the
first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ
process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a
PDCCH 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 g, with N=13 for x=0, N=13 for x=1, N=20 for x=2, and N=24 for 4=3.

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

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

When receiving PDSCH in response to a PUSCH transmission scheduled by a RAR UL grant or corresponding PUSCH
retransmission, or when receiving PDSCH in response to a PUSCH for Type-2 random access procedure, or a PUSCH
scheduled by a fallbackRAR UL grant or corresponding PUSCH retransmission, the UE may assume that the DM-RS
port of PDSCH is quasi co-located with the SS/PBCH 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 ciand serving cell c;, the UE is not expected to receive PDSCH on serving cell c; if the PDSCH overlaps in time
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with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell c;
not configured for PUSCH/PUCCH transmission.

The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another
PDSCH scheduled in the same serving cell with CS-RNTTI if the PDSCHs partially or fully overlap in time except if the
PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTT ends at least 14 symbols before the start of the PDSCH
with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI
or MCS-C-RNTL

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

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

On a frequency 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 SI acquisition, another PDSCH scheduled with SI-RNTT 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 a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-
RNTT if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI
partially 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 SI 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 PDSCHs.

If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of
CORESETPoolIndex in ControlResourceSet, 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/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different
ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without
CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0.
When the UE is scheduled with full/partially/non-overlapped PDSCHs 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 PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords
simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having
different values of CORESETPoolIndex, the following operations are allowed:

- For any two HARQ process IDs in 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
a different value of CORESETpoolindex that ends later than symbol i.

- Inagiven scheduled cell, the UE can receive a first PDSCH in slot 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 ControlResourceSets having
the same value of CORESETPoolIndex, the UE procedure for receiving the PDSCH upon detection of a PDCCH
follows Clause 5.1.

When a UE is configured by higher layer parameter RepSchemeEnabler set to one of 'FDMSchemeA','FDMSchemeB’,
'TDMSchemeA', if the UE is indicated with two TCI states in a codepoint of the DCI field "Transmission Configuration
Indication' and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)".
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- When two TCI states are indicated in a DCI and the UE is set to 'FDMSchemeA', the UE shall receive a single
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.

- When two TClI states are indicated in a DCI 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-overlapping frequency domain resource allocation with respect to the other PDSCH
transmission occasion as described in Clause 5.1.2.3.

- When two TCI states are indicated 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
in Clause 5.1.2.1.

When a UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-
TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation, 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 in pdsch-TimeDomainAllocationList which
contain RepNum16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI
field "Antenna Port(s)".

- When two 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 as defined in Clause 5.1.2.1.

- When one TClI state is 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 one TCI state used across
multiple PDSCH transmission occasions as defined in Clause 5.1.2.1.

When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry in pdsch-
TimeDomainAllocationList which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, 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 group in 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 in pdsch-
TimeDomainAllocationList which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, 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 partially or fully
overlapping in time, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest
configured sps-Configlndex.

If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one
PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive
a PDSCH among these PDSCHSs other than one with the lowest configured sps-Configlindex on the serving cell.

5.1.1  Transmission schemes
Only one transmission scheme is defined for the PDSCH, and is used for all PDSCH transmissions.
51.1.1 Transmission scheme 1

For transmission scheme 1 of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be
performed with up to 8 transmission layers on antenna ports 1000-1011 as defined in Clause 7.3.1.4 of [4, TS 38.211],
subject to the DM-RS reception procedures in Clause 5.1.6.2.
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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 a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in
Clause 5.1.2.1.1. The indexed row defines the slot offset Ko, the start and length indicator SLIV, or directly the start symbol
S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

- The slot allocated for the PDSCH is Ks, where

CA CA
HPDSCH N N
KS _ 1}1 . 2 J+ Ko +{[ slot,offset, PDCCH _ slot,offset, PDSCH J 2 HPDSCH ‘ , if UE is Configured with CA-slot-

2/1PDCCH 2!‘offsel,PDCCH 2/luffset,PDSCH

2 HPDSCH

2 HPDCCH

offset for at least one of the scheduled and scheduling cell, and Ks= {n- J+ Ky , otherwise, and where n is

the slot with the scheduling DCI, and Ko is based on the numerology of PDSCH, and gppec @nd gippcq are the
subcarrier spacing configurations for PDSCH and PDCCH, respectively, and

- NSB oser, PoCCH AN Lofiser, ppccn are the NS ogee and the s , respectively, which are determined by higher-

layer configured CA-slot-offset, for the cell receiving the PDCCH respectively, Nsclg‘t‘ offset, PDSCH AN Logtser, PDscH
are the Njoy ofeee @nd the sz, , respectively,which are determined by higher-layer configured CA-slot-offset for
the cell receiving the PDSCH, as defined in clause 4.5 of [4, TS 38.211].

- The reference point Sy for starting symbol S is defined as:

- if configured with ReferenceofSLIV-ForDCIFormatl_2, and when receiving PDSCH scheduled by DCI
format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with Kq=0, and PDSCH mapping
Type B, the starting symbol S is relative to the starting symbol S of the PDCCH monitoring occasion where
DCI format 1_2 is detected;

- otherwise, the starting symbol S is relative to the start of the slot using So=0, and the starting symbol S
relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S
allocated for the PDSCH are determined from the start and length indicator SLIV:

if (L=D=7 then

SLIV =14-(L-1)+S
else

SLIV =14 (14 — L +1) + (14 —1-9)
where 0<L<14-8 o4

- the PDSCH mapping type is set to Type A or Type B as defined in Clause 7.4.1.1.2 of [4, TS 38.211].

The UE shall consider the S and L combinations defined in table 5.1.2.1-1 satisfying So +S+L <14 for normal

cyclic prefix and So +S+L <12 for extended cyclic prefix as valid PDSCH allocations:
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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 = 3is applicable only if dmrs-TypeA-Position = 3

When receiving PDSCH scheduled by DCI format1_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 format1_1or1 2 in PDCCH with CRC scrambled by CS-RNTI with NDI=0, or PDSCH scheduled without
corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, the same symbol
allocation is applied across the pdsch-AggregationFactor, in sps-Config if configured or 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 format1_1 or 1_2 in PDCCH with CRC scrambled by CS-RNTI with NDI=0, or PDSCH scheduled without
corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, the UE is not expected
to be configured with the time duration for the reception of pdsch-AggregationFactor repetitions, in sps-Config if
configured or 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 format1_1 or 1 2.

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

rviaindicated 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 a slot of a multi-slot PDSCH reception is omitted according to the conditions in Clause 11.1 of
[6, TS38.213].

The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was
received in the same slot and was not contained within the first three symbols of the slot.

The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling
the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource
allocation.

When the UE configured with [minimumSchedulingOffset] in an active DL BWP it applies a minimum scheduling
offset restriction indicated by the ['Minimum applicable scheduling offset indicator"] field in DCI format 0_1 or 1_1.
When the UE configured with [minimumSchedulingOffset] in active DL BWP and it has not received ['Minimum
applicable scheduling offset indicator'] field in DCI format 0_1 or 1_1, UE shall apply a minimum scheduling offset
restriction indicated based on ['Minimum applicable scheduling offset indicator] value '0'. When the minimum
scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH
scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with Ko smaller than the applicable minimum scheduling offset
restriction Komin. 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 CORESETO and default PDSCH time
domain resource allocation is used or when PDSCH transmission is scheduled with SI-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 ReferenceofSLIV-ForDCIFormatl_2 for serving cells configured for
cross-carrier scheduling with a scheduling cell of a different downlink SCS configuration.

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

If two TCI states are indicated by the DCI field "Transmission Configuration Indication’, the UE is expected to
receive two PDSCH transmission occasions, where the first TCI state is applied to the first PDSCH transmission
occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause
5.1.2.1. The second TClI 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 a value K in StartingSymbolOffsetK, 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
StartingSymbolOffsetk, 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, where n = 0, 1 applied respectively
to the first and second TCI state.

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 in pdsch-
TimeDomainAllocationList contain RepNumR16 in PDSCH-TimeDomainResourceAllocation,

If two TCI states are indicated by the DCI field "Transmission Configuration Indication’ together with the DCI
field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList which contain
RepNumR16 in PDSCH-TimeDomainResourceAllocation 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, the first TCI state
is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH
transmission occasion follows Clause 5.1.2.1.

When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the
second TClI state is applied to the second PDSCH transmission occasion. When the value indicated by
RepNumR16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured
to enable CycMapping or SeqMapping in RepTCIMapping.

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

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

The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH
transmission occasions associated with the first TCI state, the redundancy version to be applied is derived according to
Table 5.1.2.1-2, 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 rv; is configured by higher layer
parameter RVSeqOffset 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 RVSeqOffsetis present

rviaindicated by the DCI

rvid to be applied to n'" transmission occasion with second TCI state

scheduling the PDSCH

nmod4=0

nmod4=1

n mod4=2

nmod4=3

(0 + rvy) mod 4

(2 + rvg) mod 4

(3 + rvg) mod 4

(14 rvy) mod 4

(2 + rvg) mod 4

(3 + rv,) mod 4

(1+ rvg) mod 4

(0 + rv,) mod 4

(3 + rvy) mod 4

(14 rvy) mod 4

(0 + rvy) mod 4

(24 rvy) mod 4

RIWIN (O

(1+ rvg) mod 4

(0 + rvg) mod 4

(2 + rvg) mod 4

(3+ rvy) mod 4

If one TCI state is indicated by the DCI field "Transmission Configuration Indication' together with the DCI field
"Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList which contain
RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the
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DCI field "Antenna Port(s)", the same SLIV is applied for all PDSCH transmission occasions, the first PDSCH
transmission occasion follows Clause 5.1.2.1, the same TClI state is applied to all PDSCH transmission
occasions. The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For
all PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2,
where n is counted considering PDSCH transmission occasions.

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

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

Table 5.1.2.1.1-1 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-
TimeDomainAllocationList-ForDCIFormatl_2 is applied. For operation with shared spectrum channel access, as
described in [16, TS 37.213], UE reinterprets S and L in row 9 of Table 5.1.2.1.1-2 as S=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 Oand 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 onlList
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 12,3 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
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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-
TimeDomainAllocationList
-ForDClformatl 2

PDSCH time domain
resource allocation to apply

No

No

No

Default A

Yes

No

No

pdsch-
TimeDomainAllocationList
provided in pdsch-
ConfigCommon

No/Yes

Yes

No

pdsch-
TimeDomainAllocationList
provided in pdsch-Config

No/Yes

No/Yes

Yes

pdsch-
TimeDomainAllocationList-
ForDClformatl_2 provided in
pdsch-Config

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

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

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

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

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

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

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

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

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

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

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

Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type
1 (Note 1) 2,3 Type B 0 2 2
2 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 TypeO common search space

5.1.2.2 Resource allocation in frequency domain

Two downlink resource allocation 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 resourceAllocation-ForDCIFormatl_2 in pdsch-Config to
‘dynamicswitch' for DCI format 1_2, the UE shall use downlink resource allocation type 0 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 resourceAllocation-
ForDCIFormatl_2 for DCI format 1_2.

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

For a PDSCH scheduled with a DCI 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 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Size configured by PDSCH-Config and the size of the bandwidth
part as defined 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
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The total number of RBGs (N rec ) for a downlink bandwidth part i of size Ng\zﬁpj PRBs is given by

Negc :((N;i\i/ep,i +(Né§?/g,i mod P))/ P—‘ , Where

- the size of the first RBG is RBGg~ =P—N ;t&,’é,i mod P |

- the size of last RBG is RBG[:E? = (N é%,i + Nél\ﬁp’i )mOd P if (N ét&,?i + Nél\i\?pyi )mOd P >0 and P otherwise,

- the size of all other RBGs is P.

The bitmap is of size Nggg bits 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 0 to 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 allocated 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
NSz 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 (RB,, ) and a length in terms of contiguously allocated resource blocks Lgg, . The resource

indication value is defined by
if (Lggs —1) < \_N ;'\ﬁfp /2J then
RIV = N& (Lres —D + RBgan
else

RIV = Ngie (N&ip — Lres + 1) + (NS —1—RByan)

size
where Lgg, > 1 and shall not exceed NB'\;,F, - RBstart .

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

BWP !
value (RIV) corresponding to a starting resource block RB,, =0,K,2-K,...,(NMa _1). K and a length in terms of
=K,2-K,...,Nnual i where NIt js given by

start
virtually contiguously allocated resource blocks L, s

RBs

- the size of CORESET 0 if CORESET 0 is configured for the cell;
- the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.

The resource indication value is defined by:
if (L'ss—1) <| NSu' /2] then
RIV = NIBr:lI\;LaI (L‘RBS_l) +RB 'stan

else

RIV = Nligr:/i\;::al (Ninilial _ L-RBS+1)+(Ninitial _1_-RB'

BWP BWP start )
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where L', = Leg /K, RB',,, = RB,, /K and where L', shall not exceed NI _RB"

start BWP start "

If N2ctive 5 Ninitial K js the maximum value from set {1, 2, 4, 8} which satisfies K SLNQ&J& / N;”&';"J ; otherwise K = 1.

BWP BwpP !

When the scheduling grant is received with DCI format 1_2, a downlink type 1 resource allocation field consists of a
resource indication value (RI1V) corresponding to a starting resource block group RBGstart=0, 1, ..., Nree-1 and a length
in terms of virtually contiguously allocated resource block groups Lrees=1, ..., Nrasc, Where the resource block groups
are defined as in 5.1.2.2.1 with P defined by ResourceAllocationTypel-granularity-ForDCIFormatl 2 if the UE is
configured with higher layer parameter ResourceAllocationTypel-granularity-ForDCIFormatl_2, and P=1 otherwise.
The resource indication value is defined by

if (Lgegs —1) < LNRBG /ZJ then
RIV = Nggg (Lrges —1) + RBGgt

else

RIV = Nggg (Nggg — Lregs + 1D + (Nggg —1— RBGg,y )

where Lggg, > 1 and shall not exceed Nggs — 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-BundlingType-
ForDCIFormatl_2 instead of prb-BundlingType as well as vrb-ToPRB-Interleaver-ForDCIFormatl_2 instead of vrb-
ToPRB-Interleaver.

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

If Pgwe, is determined 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.

If Piwe; IS determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGSs) partitions the

bandwidth part i with Payp ; consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more.

The first PRG size is given by Paypi— Nét&?},,i mod Pgyp and the last PRG size given by (Nét&,'é,i +Ngp i) mod Payp ;
start +N size

it (N3ip i +Naip)mod Payp i # 0. and the last PRG size is Payp if (N3 + Ngip;)mod Payp; =0,

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

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

If a UE is scheduled a PDSCH with DCI format 1_0, the UE shall assume that Pgyp ; is equal to 2 PRBs.

When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI,
or CS-RNTI, Pgyp ; 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-BundlingType is set to ‘dynamicBundling’, the higher layer parameters
bundleSizeSetl and bundleSizeSet2 configure two sets of Pgup; values, the first set can take one or two Pgyp; values

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

If the PRB bundling size indicator signalled in DCI format 1_1 as defined in Clause 7.3.1.2.2 of [5, TS 38.212]
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- issetto'0', the UE shall use the P§,p; Vvalue from the second set of Pg,; values when receiving PDSCH
scheduled by the same DCI.

- issetto 'l'and one value is configured for the first set of Pg,s; Vvalues, the UE shall use this P§p; value when
receiving PDSCH scheduled by the same DCI

- issetto 'l'and two values are configured for the first set of P§,p; Values as 'n2-wideband' (corresponding to
two P§up; Values 2 and wideband) or 'n4-wideband' (corresponding to two P§,p; 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 is larger than N é‘@‘ip,i 12, Pawe i 1S
the same as the scheduled bandwidth, otherwise Pg,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-BundlingType is set to 'staticBundling’, the Pg,»; value is configured

with the single value indicated by the higher layer parameter bundleSize.

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

4.

For a UE configured by the higher layer parameter RepSchemeEnabler set to 'FDMSchemeA' or 'FDMSchemeB’, and
when the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication
and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)",

- If Pgyp; isdetermined as "wideband", the first [”P%] PRBs are assigned to the first TCI state and the remaining

lnPRB

> J PRBs are assigned to the second TCI state, where npgp is the total number of allocated PRBs for the UE.

- If Piyp; is determined 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.

- The UE is not expected to receive more than two PDSCH transmission layers for each PDSCH transmission
occasion.

For a UE configured by the higher layer parameter RepSchemeEnabler set to 'FDMSchemeB’, and when the UE is
indicated with two TCI states in a codepoint of the DCI field "Transmission Configuration Indication and DM-RS
port(s) within one CDM group in the DCI field "Antenna Port(s)", 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, where n = 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
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- the UE shall use the number of layers (v), the total number of allocated PRBs before rate matching (ners) to
determine to the transport block size based on the procedure defined in Clause 5.1.3.2.

The UE may skip decoding a transport 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') Ci’ X 1
2 ’ Z L_ xl-.FL- > Z 'R—'TBSLBRM
ies i LBRM
where, for the serving cell,

- Sisthe set of TBs belonging to PDSCH(s) that are partially or fully contained in the consecutive-symbol
duration

- fortheith TB
- Ci"is the number of scheduled code blocks for as defined in [5, 38.212].
- Liis the number of OFDM symbols assigned to the PDSCH

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

- Fi= rgla;< I(min(kéi + El’ N ;)) based on the values defined in Clause 5.4.2.1 [5, TS 38.212]
0] )

.....

k{]',i is the starting location of RV for the jth transmission

- El= min(E,) of the scheduled code blocks for the jth transmission

P =

- N, is the circular buffer length

J — 1is the current (re)transmission for the ith TB

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

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

- u corresponds to the subcarrier spacing of the active BWP
- Ruisrm = 2/3 as defined in Clause 5.4.2.1 [5, TS 38.212]

- TBSigerm as defined in Clause 5.4.2.1 [5, TS 38.212]

- Xas defined 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 a cell group, a UE is not required to handle PDSCH(s) transmissions in slot s; in serving cell-j, and for j = 0,1,2..
J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time:

]_
Ym=oV;
Z Zm=0 J™ < pataRate
Tu(J)
Jj=0 slot

where,

- Jis the number of configured serving cells belonging to a frequency range
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- for the j-th serving cell,
- Misthe number of TB(s) transmitted in slot s;.

- Taor® =10%/240), where w(j) is the numerology for PDSCH(s) in slot s; of the j-th serving cell.
- forthem-th TB, V;,,, = C'- EJ

- A‘is the number of bits in the transport block as defined in Clause 7.2.1 [5, TS 38.212]
- C s the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].

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

- DataRate [Mbps] is computed as the maximum data rate summed over all the carriers in 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 formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).

For a j-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 Iycs > W for a PDSCH, where W = 28 for MCS tables 5.1.3.1-1
and 5.1.3.1-3, and W = 27 for MCS table 5.1.3.1-2, the UE is not required to handle PDSCH transmissions, if the
following condition is not satisfied:
M-1y/.
Zm=0 J™ < DataRateCC
LxTH

where
- L is the number of symbols assigned to the PDSCH

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

w_ 1073

s - .nSlot
2 Nsymb

where u is the numerology of the PDSCH

- forthem-th TB,V;,, = C'- EJ

jm
- Ais the number of bits in the transport block as defined in Clause 7.2.1 [5, TS 38.212]
- C s the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
- C'"is the 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 formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).

5.1.3.1 Modulation order and target code rate determination

For the PDSCH scheduled by a PDCCH with DCI format 1_0, format 1_1 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-Table-ForDCIFormatl_2 given by PDSCH-Config is set to ‘gam256', and the PDSCH
is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by C-RNTI

- the UE shall use Iucs 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-RNT], the higher layer parameter mcs-Table-ForDCIFormatl_2 given by
PDSCH-Config is set to 'gam64LowSE', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by
C-RNTI
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- the UE shall use Incs 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 mcs-Table given by PDSCH-Config is set to 'gam256', and the PDSCH is scheduled by
a PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI

- the UE shall use Iucs 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 'gam64LowSE", and the PDSCH is scheduled by a PDCCH with a DCI format other than DCI format1 2 in a
UE-specific search space with CRC scrambled by C-RNTI

- the UE shall use Incs 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, the higher layer
parameter mcs-Table-ForDCIFormatl_2 given by PDSCH-Config is set to '‘gam256', and the PDSCH is scheduled by a
PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI

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

elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-Config, 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 is scheduled without corresponding PDCCH transmission using SPS-Config,

- the UE shall use Iucs 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 ‘gam64LowSE'
- 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 Iucs 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 Iucs 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 Qn > 2

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

MCIS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
MCS 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 45234
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

MCIS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
MCS Om 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 45234
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
MCIS Index | Modulation Order Target code Rate R x [1024] Spe_ctral

MCS 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 45234
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 blocks is 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 Table 5.1.3.1-2 isused and 0 < I ,c5 < 27, or a table other

than Table 5.1.3.1-2 isused and 0 < I, <28, the UE shall, except if the transport block is disabled in DCI format

1 1, first determine the TBS as specified below:

1) The UE shall first determine the number of REs (Nge) within the slot.

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

' RB  pjsh PRB PRB , I .
Nge = Ng~ - Ngmbp —Npwrs —Non, where NRB =12 is the number of subcarriers in a physical resource

block, N:;]mb is the number of symbols of the PDSCH allocation within the slot, NER&_ is the number of

DMRS

REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups
without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 in Clause 5.1.6.2,
and NERE is the 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 is assumed to be 0.

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

2) Intermediate number of information bits (Ninfo) is obtained by N ;o = Nge'RQpv -
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 , TBS is determined as follows

. N.
- quantized intermediate number of information bits Njy, = maX[24,2n {ZIL;OD , Where

n= maX(S’ LIOg 2 (N info )J_ 6)'
- use Table 5.1.3.2-1 find the closest TBS that is not less than N

info*

Table 5.1.3.2-1: TBS for Nj,;, <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 , TBS is determined as follows.

R N . —24
- quantized intermediate number of information bits N, ., = max (3840, 2" xround (mfo—D , where

n

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

- if R<1/4

TBS =8.C| Ninfo *2% | 51 here ¢ =| Nuro + 24
8C 3816

else

if Ny, >8424

TBS =8:-C- N|nfo—+24 —24 , where C= w
8C 8424

else
TBS :8.['\1"”07”4]_24

end if
end if

else if Table 5.1.3.1-2 isused and 28 < I,g <31,

- the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0 < I,cs < 27. If there is no PDCCH for the same transport block using 0 < Iy <27, and if

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

else

- the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0 < 1,cs <28. If there is no PDCCH for the same transport block using 0 < I,,cs < 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 with a TBS
exceeding 2976 bits.

For a UE configured with FDMSchemeB and indicated with two TCI states in a codepoint of the DCI field
"Transmission Configuration Indication and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)",
the TBS determination follows the steps 1-4 with the following modification in step 1: a UE determines the total

number of REs allocated for PDSCH ( Ngg) by N, =min (156, N'RE)-HPRB , where npgg is the total number of

allocated 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 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: a scaling
Niro =S Nge -R-Q, -v is applied in the calculation of Nir, Where the scaling factor is determined based on the TB

scaling field in the DCI as in Table 5.1.3.2-2.
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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 0, 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 as a
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 resources in Clauses 5.1.4.1,
5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-
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 partially, with any RE(s) not
available for PDSCH.

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 rateMatchPatternGroupl-
ForDCIFormatl 2, rateMatchPatternGroup2-ForDCIFormatl_2 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
ServingCellConfigCommon and configuring up to 4 RateMatchPattern(s) per BWP and up to 4
RateMatchPattern(s) per serving-cell. A RateMatchPattern may contain:

- within a BWP, 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 subcarrierSpacing given by RateMatchPattern when configured per serving cell or by
numerology of associated BWP when configured per BWP .The pair of reserved resources are respectively
indicated by an RB level bitmap (higher layer parameter resourceBlocks given by RateMatchPattern ) with
1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters
symbolsinResourceBlock given by RateMatchPattern ) for which the reserved RBs apply. A bit value equal
to 1 in the RB and symbol level bitmaps indicates that the corresponding resource is not available for
PDSCH. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern
(higher layer parameter periodicityAndPattern given by RateMatchPattern ), where each bit of
periodicityAndPattern corresponds to 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} units long, but maximum of 40ms. The first symbol of periodicityAndPattern every 40ms/P periods is
a first symbol in frame n, mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When
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periodicityAndPattern is not configured for a pair, for a symbol level bitmap spanning two slots, the bits of
the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol
level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. The pair can be
included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroupland
rateMatchPatternGroup2). The rateMatchPatternToAddModList given by ServingCellConfig or
ServingCellConfigCommon configuration in numerology p applies only to PDSCH of the same numerology

W

- within a BWP, a frequency domain resource of a CORESET configured by ControlResourceSet with
controlResourceSetld or ControlResourceSetZero and time domain resource determined by the higher layer
parameters monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot 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 controlResourceSetld or ControlResourceSetZero. This resource not available for
PDSCH can be included in one or two groups of resource sets (higher layer parameters
rateMatchPatternGroupl and rateMatchPatternGroup?2).

A configured group rateMatchPatternGroupl or rateMatchPatternGroup?2 contains a list of RB and symbol level
resource set indices forming a union of resource-sets not available for PDSCH dynamically if a corresponding bit of the
Rate matching indicator field of DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding to the
union of configured RB-symbol level resource-sets that are not included in either of the two groups are not available for
PDSCH scheduled by DCI format 1_1. 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 rateMatchPatternGroupl or
rateMatchPatternGroup2 are not available for PDSCH.

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

If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-
interleaved CORESET spanning one OFDM symbol and if 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 a PDSCH 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 precoderGranularity configured in a CORESET where the PDCCH was
detected is equal to allContiguousRBs, the associated PDCCH DM-RS are DM-RS in all REGs of the CORESET.
Otherwise, the associated DM-RS are the DM-RS in REGs of the PDCCH.

5.1.4.2 PDSCH resource mapping with RE level granularity

The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to
PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodic-ZP-CSI-RS-
ResourceSetsToAddModList-ForDCIFormatl_2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList.

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

- REs indicated by the RateMatchingPatternLTE-CRS in Ite-CRS-ToMatchAround in ServingCellConfig or
ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz
subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH.

- REs indicated by RateMatchingPatternLTE-CRS in lte-CRS-PatternList-r16 in ServingCellConfig configuring
common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE
carrier in a serving cell are declared as not available for PDSCH.

- Each RateMatchingPatternLTE-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 L TE subframe.

- If the UE configured by higher layer parameter PDCCH-Config with two different values of
CORESETPoolIndex in ControlResourceSet and also configured by the higher layer parameter LTE-CRS-
PatternList-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
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- REs indicated by CRSPatternList-CORESETPoolIndex for a UE supporting the capability of [separate-Ite-
CRS-ToMatchAround];

- REs indicated by CRS-PatternList-r16 in ServingCellConfig for a UE not supporting the capability of
[separate-Ite-CRS-ToMatchAround].

- Within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for
aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-
ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-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-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p-
ZP-CSI-RS-ResourceSet are declared as not available for PDSCH. The REs indicated by sp-ZP-CSI-RS-
ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModL.ist 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:

- zp-CSI-RS-Resourceld in ZP-CSI-RS-Resource 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-CSI-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-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot 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-CSI-RS-
ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-
Config , is configured for aperiodic triggering. The maximum number of aperiodic ZP-CSI-RS-ResourceSet(s)
configured per BWP is 3. The bit-length of DCI field ZP CSI-RS trigger depends on the number of aperiodic ZP-CSI-
RS-ResourceSet(s)configured (up to 2 bits). Each non-zero codepoint of ZP CSI-RS trigger in DCI format 1_1 triggers
one aperiodic ZP-CSI-RS-ResourceSet in the list aperiodic-ZP-CSI-RS-ResourceSetsToAddModList by indicating the
aperiodic ZP CSI-RS resource 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-CSI-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-CSI-RS-ResourceSetsToAddModList are available for
PDSCH.

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

For a UE configured with a list of ZP-CSI-RS-ResourceSet(s) provided by higher layer parameter sp-ZP-CSI-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 slot that is after slot n +

3NSUPITamel \yhere 4 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

is after slot n + 3NS“2/7@™eH \where 4 is the SCS configuration for the PUCCH.

slot
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5.1.5 Antenna ports quasi co-location

The UE can be configured with a list of up to M TCI-State 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 maxNumberConfiguredTClstatesPerCC. Each TCI-State contains parameters for
configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the
PDSCH, the DM-RS port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location relationship is
configured by the higher layer parameter qcl-Typel for the first DL RS, and qcl-Type2 for the second DL RS (if
configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are
to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the
higher layer parameter qcl-Type in QCL-Info and may take one of the following values:

- '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] or in clause [6.1.3.x] 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
CCs/DL BWPs, where the applicable list of CCs is determined by indicated CC in the activation command, the same set
of TCI state IDs are applied for all DL BWPs in the indicated CCs.

When a UE supports two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' the UE
may receive an activation command, as described in clause [6.1.3.X] of [10, TS 38.321], the activation command is
used to map up to 8 combinations of one or two TCI states to the codepoints of the DCI field "Transmission
Configuration Indication'. The UE is not expected to receive more than 8 TCI states in the activation command.

When the 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“2/ "™ where 4 is the
SCS configuration for the PUCCH. If tci-PresentInDCI is set to "enabled"” or tci-PresentInDCI-ForFormatl_2 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 a UE 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-PresentinDCI-ForFormatl_2 for the
CORESET scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-
PresentInDCI-ForFormatl 2 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 is equal to or greater than a threshold timeDurationForQCL if applicable,
where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-
location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL
assumption whichever is applied for the CORESET used for the PDCCH transmission.

If the PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling
component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use
the TCI-State 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 state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or
greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306].
When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI
states in the slot 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 states in the first slot with the scheduled PDSCH, and UE shall expect the
activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with
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CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with
[enableDefaultBeamForCsSS], the UE expects tci-PresentInDCI is set as ‘enabled' or tci-PresentinDCI-ForFormatl 2 is
configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the
search space set contains 'QCL-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 timeDurationForQCL.

Independent of the configuration of tci-PresentInDCI and tci-PresentinDCI-ForFormatl 2 in RRC connected mode, if
no TCI codepoints are mapped to two different TCI states and the offset between the reception of the DL DCI and the
corresponding PDSCH is less than the threshold timeDurationForQCL, 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 a monitored search space with the lowest
controlResourceSetld in the latest slot in which one or more CORESETS within the active BWP of the serving cell are
monitored 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. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different
component carriers). 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 a UE configured by higher layer
parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both
cases, when tci-PresentInDCI is set to ‘enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the
offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold
timeDurationForQCL, 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
CORESET-ID among CORESETS, which are configured with the same value of CORESETPoolIndex as the PDCCH
scheduling that PDSCH, in the latest slot in which one or more CORESETS 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 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 states for the serving cell of scheduled PDSCH contains the
'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, 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) associated with the
TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.

If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that
DCl is on another component carrier and the UE is configured with [enabledDefaultBeamForCCS]:

- The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If pppccH <
MepscH an additional timing delay d % is added to the timeDurationForQCL, where d is defined in
5.2.1.5.1a-1;

- For both the cases, when the offset between the reception of the DL DCI and the corresponding PDSCH is less
than the threshold timeDurationForQCL, 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-CSI-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-
CSI-RS-ResourceSet configured with higher layer parameter repetition, or

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

For a CSI-RS resource in a NZP-CSI-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):
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- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-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-CSI-RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with an SS/PBCH block , or

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

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

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

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

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-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.

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

- QCL-TypeA'with a CSI-RS resource in a NZP-CSI-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, CSI computation,
L1-RSRP computation and mobility.

For a CSI-RS resource associated with a NZP-CSI-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-CSI-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
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with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in
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 PRBs in the OFDM symbols where
SIB1 is transmitted.

If the UE is configured with DRX,

- if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter [PS-
Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic’
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_Periodic_L1-
RSRP_TransmitOrNot] 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 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;

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

5.1.6.1.1 CSI-RS for tracking

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

For a NZP-CSI-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-CSI-RS-ResourceSet is the same.

- For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-
ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP
CSI-RS resources in each slot. 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-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot.

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

A UE configured with NZP-CSI-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-CSI-RS-ResourceSet configured with same periodicity,
bandwidth and subcarrier location

- Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS
and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS
being '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
ThresholdSched-Offset. 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
resources in a slot. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS
resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic
CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering
offset for the first slot for the first two CSI-RS resources in the set.

A UE does not expect to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an
NZP-CSI-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer
parameter timeRestrictionForChannelMeasurements set to ‘configured'.
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A UE does not expect to be configured with a CSI-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 CSI-ReportConfig for periodic NZP CSI-RS resource set configured with
trs-Info.

A UE does not expect to be configured with a NZP-CSI-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-
CSI-RS-Resource with the following restrictions:

- the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two
consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-
RS-resourceMapping, is given by one of

- lef{a8}, 1e{59},o0rl e {610} for frequency range 1 and frequency range 2,
- 1e{04}, 1elLs), 1{2,6}, 1e{37}, 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 CSI-RS-ResourceMapping.

- the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-
ResourceMapping, is the minimum of 52 and N5, ; resource blocks, or is equal to Niip; resource blocks. For
operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the
minimum of 48 and N, ; resource blocks, or is equal to Niias, ; resource blocks.

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

- the periodicity 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 p slots where x b= 10, 20, 40, or 80
and where W is defined in Clause 4.3 of [4, TS 38.211].

- same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
5.1.6.1.2 CSI-RS for L1-RSRP and L1-SINR computation

If a UE is configured with a NZP-CSI-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-CSI-RS-ResourceSet are
transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-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-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain
transmission filter.

If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", "cri-SINR" or "none" and if the
CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a
NZP-CSI-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-RS in 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 a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter
associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE
may base the timing of the CSI-RS resource on the timing of the serving cell.

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base
the timing of the CSI-RS resource on the timing of the cell given by the cellld of the CSI-RS resource configuration.
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Additionally, for a given 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 isQuasiColocated
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'].

If a UE is configured with the higher layer parameter CSI-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 cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSlI-
RS, is less than 153600 Ts.

If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than
during the active time for measurements based on CSI-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 based on CSI-RS-Resource-Mobility.

If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources
are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is
configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger 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 for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may
assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.

A UE configured with the higher layer parameters CSI-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,

- 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 associatedSSB 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-
DownlinkForPDSCH-MappingTypeA-ForDCIFormatl_2 and dmrs-DownlinkForPDSCH-MappingTypeB-
ForDCIFormatl_2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-
MappingTypeB.

When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration
of any of the parameters dmrs-AdditionalPosition, 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-AdditionalPosition="pos2' and up to two additional
single-symbol DM-RS present in a slot according to the PDSCH duration indicated in the DCI as defined in
Clause 7.4.1.1 of [4, TS 38.211], and

- For PDSCH with 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 is in 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
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- 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
type is 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-
AdditionalPosition, 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-AdditionalPosition, 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].

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), 7,y " 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,

- ifa UE is scheduled 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 a UE 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,

- ifa UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or
23} in Table 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

- ifa UE 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 is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,
the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:

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

- PT-RS is transmitted 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-AdditionalPosition.

3GPP



Release 16 42 3GPP TS 38.214 V16.1.0 (2020-03)

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 groups indicated in the
configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2,7.3.1.2.2-3, 7.3.1.2.2-4 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, 7.3.1.2.2-2,7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0,
{0,1}, {0,1,2}, respectively.

When receiving PDSCH scheduled by DCI format 1_0, the UE shall assume the number of DM-RS CDM groups
without data is 1 which corresponds to CDM group 0 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 data is 2 which corresponds to 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 in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.

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

- the UE is not expected to assume DM-RS ports in 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 in pdsch-
TimeDomainAllocationList which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation 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 group in the DCI field "Antenna Port(s)",

- the first TCI state corresponds to 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

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

If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,

- the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold
values ptrs-MCS;, i=1,2,3 and Ngg;i , i=0,1, as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, respectively.

- if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and
the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna port' presence
and pattern is a function of the corresponding scheduled MCS of the corresponding codeword and scheduled
bandwidth in corresponding bandwidth part as shown in 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 Lpt-rs = 1.
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- if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE
shall assume Kpr.ps = 2.

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

- the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or
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 is smaller than 15, or

the number of scheduled RBs is smaller than 3, or

- otherwise, if the RNTI equals RA-RNTI, [MsgB-RNTI], SI-RNTI, or P-RNTI, the UE shall assume PT-RS is not
present

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

Scheduled MCS Time density (Lpr_ps)
Imcs < ptrs-MCS+ PT-RS is not present
ptrs-MCS1 < Iucs < ptrs-MCS2 4
2

ptrs-MCS2 < lvcs < ptrs-MCS3
ptrs-MCS3 £ lucs < ptrs-MCS4

1

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

Scheduled bandwidth Frequency density ( KPTfRS)
Nrs < Nrso PT-RS is not present
Nrso £ Nrs < Nrs1 2
4

Nre1 < Nrs

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

The higher layer parameter PTRS-DownlinkConfig provides the parameters ptrs-MCS;, i=1,2,3 and with values in 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. ptrs-MCS4 is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 or
MCS Table 5.1.3.1-3 is used and 28 when MCS Table 5.1.3.1-2 is used, respectively. The higher layer parameter
frequencyDensity in PTRS-DownlinkConfig provides the parameters Nggi i=0,1 with values in range 1-276.

If the higher layer parameter PTRS-DownlinkConfig indicates that the time density thresholds ptrs-MCS; = ptrs-MCS;.1,
then the time density Lprrs Of the associated row where both these thresholds appear in Table 5.1.6.3-1 is disabled. If
the higher layer parameter PTRS-DownlinkConfig indicates that the frequency density thresholds Nrsi = Nggi +1, then the
frequency density Kprrs 0f 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 is receiving a PDSCH with allocation duration of 2 symbols as defined in Clause 7.4.1.1.2 of [4, TS
38.211] and if Lprrs is set 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 symbols and if Lprrs is set to 4, the UE shall assume
PT-RS is not transmitted.

When a UE is receiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where
V=28 for MCS 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
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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 a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest
indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.

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 in pdsch-
TimeDomainAllocationList which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, and if the UE is
configured with the higher layer parameter maxNrofPorts equal to n2, and if the UE is indicated with two TCI states by
the codepoints of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM group in
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 RepSchemeEnabler set to 'FDMSchemeA' or 'FDMSchemeB', and
the UE is indicated with two TCI states in a codepoint of the DCI field "Transmission Configuration Indication and
DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", the UE shall receive a single 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 TCI state, and a PT-RS
resource element mapping is associated to the allocated PRBs for each TCI state.

5.1.6.4 SRS reception procedure for CLI

The SRS resources defined in Clause 6.4.1.4 of [4, TS 38.211] may be configured for SRS-RSRP measurement for CLI,
as defined 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 more
than 32 SRS resources, and the UE is not expected to receive more than 8 SRS resources in a slot.

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 DL-PRS-ResourceSet and DL-PRS-Resource. 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 DL-PRS-
PositioningFrequencyLayer. A DL PRS Positioning Frequency Layer is defined as a collection of DL PRS Resource
Sets which have common parameters configured by DL-PRS-PositioningFrequencyLayer.

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

A positioning frequency layer consists of one or more PRS resource sets and it is defined by:

- DL-PRS-SubcarrierSpacing defines the subcarrier spacing for the DL PRS resource. All DL PRS Resources and
DL PRS Resource sets in the same DL-PRS-PositioningFrequencyLayer have the same value of DL-PRS-
SubcarrierSpacing. The supported values of DL-PRS-SubcarrierSpacing 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 Resources and DL PRS
Resource sets in the same DL-PRS-PositioningFrequencyLayer 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].

- DL-PRS-PointA defines the absolute frequency of the reference resource block. Its lowest subcarrier is also
known as Point A. All DL PRS resources belonging to the same DL PRS Resource Set have common Point A
and all DL PRS Resources sets belonging to the same DL-PRS-PositioningFrequencyLayer have a common
Point A.

The UE expects that it will be configured with [IDs] 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 [IDs] along with a DL-PRS-ResourceSetld and
a DL-PRS-Resourceld can be used to uniquely identify a DL PRS Resource.
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A DL PRS resource set consists of one or more DL PRS resources and it is defined by:

DL-PRS-ResourceSetld defines the identity of the DL PRS resource set configuration.

DL-PRS-Periodicity defines the DL PRS resource periodicity and takes values Th €

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
DL-PRS-SubcarrierSpacing=15, 30, 60 and 120kHz respectively. All the DL PRS resources within one DL PRS
resource set are configured with the same DL PRS periodicity.

DL-PRS-ResourceRepetitionFactor defines how many times each DL-PRS resource is repeated for a single
instance of the DL-PRS resource set and takes values Tr‘;‘p‘s € {1,2,4,6,8,16,32},. All the DL PRS resources
within one resource set have the same ResourceRepetitionFactor

DL-PRS-ResourceTimeGap defines the offset in number of slots between two repeated instances of a DL PRS
resource with the same DL-PRS-ResourcelD within a single instance of the DL PRS resource set and takes
values T,,° € {1,2,4,8,16,32}. The UE only expects to be configured with DL-PRS-ResourceTimeGap if DL-
PRS-ResourceRepetitionFactor is configured with value greater than 1. The time duration spanned by one
instance of a DL-PRS-ResourceSet is not expected to exceed the configured value of DL-PRS-Periodicity. All

the DL PRS resources within one resource set have the same DL-PRS-ResourceTimeGap.

DL-PRS-MutingPattern defines a bitmap of the time locations where the DL PRS resource is expected to not be
transmitted for a DL PRS resource set. The bitmap size can be {2, 4, 6, 8, 16, 32} bits long. The bitmap has two
options for applicability. In the first option each bit in the bitmap corresponds to a configurable number provided
by higher layer parameter DL-PRS.MutingBitRepetitionFactor of consecutive instances of a DL-PRS-
ResourceSet where all the DL-PRS-Resources within the set are muted for the instance that is indicated to be
muted. In the second option each bit in the bitmap corresponds to a single repetition index for each of the DL-
PRS-Resources within each instance of a DL-PRS-ResourceSet and the length of the bitmap is equal to DL-PRS-
ResourceRepetitionFactor. Both options may be configured at the same time in which case the logical AND
operation is applied to the bit maps as described in clause 7.4.1.7.4 of [4, TS 38.211].

DL-PRS-SFNO-Offset defines the time offset of the SFNO slot 0 for the transmitting cell with respect to SFNO
slot 0 of [FFS in RAN2].

DL-PRS-ResourceSetSlotOffset defines the slot offset with respect to SFNO slot 0 and takes values TR, €
{0,1,..., TFRS —1}.
IE) » L per

DL-PRS-CombSizeN defines the comb size of a DL 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 DL-PRS-combSizeN.

DL-PRS-ResourceBandwidth defines the number of resource blocks configured for 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 DL-PRS-ResourceBandwidth.

DL-PRS-StartPRB 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 DL-PRS-PointA. The starting PRB index has a
granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource
Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.

A DL PRS resource is defined by:

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

DL-PRS-Resourceld determines the DL PRS resource configuration identity. All DL PRS resource I1Ds are
locally defined within a DL PRS resource set.

DL-PRS-Sequenceld 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 a given DL PRS resource.

DL-PRS-ReOffset defines the starting RE offset of the first symbol within a DL PRS resource in frequency. The
relative RE offsets of the remaining symbols within a DL PRS resource are defined based on the initial offset
and the rule described in Clause 7.4.1.7.3 of [4, TS38.211].
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- DL-PRS-ResourceSlotOffset determines the starting slot of the DL PRS resource with respect to corresponding
DL-PRS-ResourceSetSlotOffset

- DL-PRS-ResourceSymbolOffset determines the starting symbol of the DL PRS resource within the starting slot.

- DL-PRS-NumSymbols defines the number of symbols of the DL PRS resource within a slot where the allowable
values are given in Clause 7.4.1.7.1 of [4, TS38.211].

- DL-PRS-QCL-Info 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' with a DL PRS or SS/PBCH Block from a serving
cell or a non-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 is 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 a given 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 measurements in a higher layer parameter DL-PRS-RstdReferencelnfo. The
reference time indicated by the network to the UE can also be used by the UE to determine how to apply higher layer
parameters DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty. The UE expects the reference time to be
indicated whenever it is expected to receive the DL PRS. This reference time provided by DL-PRS-RstdReferencelnfo
may include an [ID], a PRS resource set ID, and optionally a single PRS resource ID or a list of PRS resource I1Ds. The
UE may use different DL PRS resources or a different DL PRS resource set to determine the reference time 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 time than indicated by the network, then it is expected to report the
[ID], the DL PRS resource I1D(s) or the DL PRS resource set ID used to determine the reference.

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

- TimingMeasQuality-Value which provides the best estimate of the uncertainty of the measurement
- TimingMeasQuality-Resolution which specifies the resolution levels used in the Value field

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

For DL UE positioning measurement reporting in higher layer parameters DL-PRS-RstdMeasurementinfo or DL-PRS-
UE-Rx-Tx-Measurementinfo the UE can be configured to report the DL PRS resource ID(s) or the DL PRS resource set
ID(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 or the DL PRS-RSRP.

The UE can be configured in higher layer parameter UE Rx-Tx Time-MeasRequestInfo to report multiple UE Rx-Tx
time difference measurements corresponding to a single configured SRS resource or resource set for positioning. Each
measurement corresponds to a single received DL PRS resource or resource set which can be in difference positioning
frequency layers.

For the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements the UE can report an associated
higher layer parameter Timestamp. The Timestamp can include the SFN and the slot number for a subcarrier spacing.
These values correspond to the reference which is provided by DL-PRS-RSTDReferencelnfo.

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 not
configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with
the same numerology as the active DL BWP. 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 [ XYZ].

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 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
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configured for those cells. The up to 4 measurements being performed on the same pair of cells and all DL RSTD
measurements in the same report use a single reference timing.

The UE may be configured to measure and report 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 have been performed using the same spatial domain filter for reception.

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

The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are
transmitted to the UE when there is no measurement gap configured to the UE.

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 a UE 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
maxCodeBlockGroupsPerTransportBlock for PDSCH, and C is the number of code blocks in the transport block
according to the procedure defined in Clause 7.2.3 of [5, TS 38.212].

Define M; =mod(C,M), K, :[%W ,and K, :{%J

If M; >0,CBGm, m=01,..,M; —1, consists of code blocks with indices m-K, +k,k =0.1,..., K; =1. CBG m,
m=M,, M, +1..., M -1, consists of code blocks with indices M, -K; +(m-M;)-K, +k,k=01,.., K, —1.

5.1.7.2 UE procedure for receiving code block group based transmissions

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

- The CBG transmission information (CBGT]I) field of DCI format 1_1 is of length N,z - N bits, where N5 is the
value of the higher layer parameter maxNrofCodeWordsScheduledByDCI. If N5 = 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 a second TB, if scheduled. The first M bits of each set of N bits in the CBGT] field have
an in-order one-to-one mapping with the M CBGs of the TB, with the MSB mapped to CBG#O0.

- For initial 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 as indicated 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 CBGT!I field indicates that the corresponding CBG is not transmitted and 1' indicates that
it is transmitted.

- If the CBG flushing out information (CBGFI) field of the scheduling DCI is present, CBGFI set to 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 as in the initial transmission of the TB.
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5.2 UE procedure for reporting channel state information (CSl)

5.2.1 Channel state information framework

The procedures on aperiodic CSI reporting described in this clause assume that the CSI 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 reportTriggerSize-ForDCIFormat0_2 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 (LI), 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 CSI-
ReportConfig Reporting Settings, M>1 CSI-ResourceConfig Resource Settings, and one or two list(s) of trigger states
(given by the higher layer parameters CSI-AperiodicTriggerStateList and CSI-SemiPersistentOnPUSCH-
TriggerStateList). Each trigger state in CSI-AperiodicTriggerStateList contains a list of associated CSI-ReportConfigs
indicating the Resource Set IDs for channel and optionally for interference. Each trigger state in CSI-
SemiPersistentOnPUSCH-TriggerStateList contains one associated CSI-ReportConfig.

5.21.1 Reporting settings

Each Reporting Setting CSI-ReportConfig is associated with a single downlink BWP (indicated by higher layer
parameter BWP-Id) given in the associated CSI-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 as the layer indicator (LI), L1-RSRP, L1-SINR, CRI, and SSBRI (SSB Resource Indicator).

The time domain behavior of the CSI-ReportConfig is indicated by the higher layer parameter reportConfigType and
can be set to "aperiodic’, 'semiPersistentOnPUCCH', 'semiPersistentOnPUSCH’, or ‘periodic'. For periodic and
semiPersistentONPUCCH/semiPersistentOnPUSCH CSI reporting, the configured periodicity and slot offset applies in
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 CSI reporting band
and if PMI/CQI reporting is wideband or sub-band. The timeRestrictionForChannelMeasurements parameter in CSI-
ReportConfig can be configured to enable time domain restriction for channel measurements and
timeRestrictionForlInterferenceMeasurements can be configured to enable time domain restriction for interference
measurements. The CSI-ReportConfig can also contain CodebookConfig, which contains configuration parameters for
Type-I, Type 1l or Enhanced Type Il CSl including codebook subset restriction, and configurations of group based
reporting.

For operation with shared spectrum channel access, the UE should not average CSI-RS measurements for channel
estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst
(defined in [X, TS 37.213])).

5.2.1.2 Resource settings

Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S>1 CSI Resource Sets (given by
higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSI-
RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-1M resource set(s). Each CSI
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
CSI 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 CSI-ResourceConfigs consisting the same NZP CSI-RS
resource 1D, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured
with multiple CSI-ResourceConfigs consisting the same CSI-IM resource 1D, the same time-domain behavior shall be
configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting shall have the same
time domain behavior.
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The following are configured via higher layer signaling for one or more CSI 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 CSI- IM resource or NZP CSI-RS resource(s) for interference measurement
configured for one CSI reporting are QCLed with respect to '‘QCL-TypeD'.

For L1-SINR measurement:

- When one Resource Setting is configured, the Resource Setting (given by higher layer parameter
resourcesForChannelMeasurement) is for channel and interference measurement 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
resourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS and the second one
(given by either higher layer parameter csi-IM-ResourcesForlInterference or higher layer parameter nzp-CSI-RS-
ResourcesForinterference) is for interference measurement performed on CSI-IM or on 1 port NZP CSI-RS with
density 3 REs/RB, where each SSB or NZP CSI-RS resource for channel measurement is associated with one
CSI-IM resource or one NZP CSI-RS resource for interference measurement by the ordering of the SSB or NZP
CSI-RS resource for channel measurement and CSI-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 equals to the number of CSI-IM resources or the number of NZP CSI-RS resource for interference
measurement.

- UE may apply 'QCL-TypeD' assumption of the SSB or 'QCL-TypeD' configured to the NZP CSI-RS resource
for channel measurement to measure the associated CSI- IM resource or associated NZP CSI-RS resource for
interference measurement configured for one CSI reporting

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

- [When three Resource Settings are configured, the first one Resource Setting (given by higher layer
parameterresourcesForChannelMeasurement) is for channel measurement on SSB or NZP CSI-RS. The second
one (given by either higher layer parameter csi-IM-ResourcesForinterference) is for interference measurement
performed on CSI-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-CSI-RS-
ResourcesForlinterference) is for interference measurement performed on 1 port NZP CSI-RS with density 3

RES/RB.]
5.2.1.3 (void)
5.2.1.4 Reporting configurations

The UE shall calculate CSI 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 CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent
(using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic.
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Table 5.2.1.4-1 shows the supported combinations of CSI Reporting configurations and CSI-RS Resource
configurations and how the CSI Reporting is triggered for each CSI-RS Resource configuration. Periodic CSI-RS is
configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Clause 5.2.1.5.2.

Aperiodic CSI-RS is 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,
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.

Aperiodic CSI-RS

Not Supported

Not Supported

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

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

For a periodic or semi-persistent CSI report on PUCCH, the periodicity T.g; (measured in slots) and the slot offset
Ty rsec are configured by the higher layer parameter reportSlotConfig. Unless specified otherwise, the UE shall transmit

the CSI report in frames with SFN n, and slot number within the frame nff satisfying

frame,u
(Nslot

ny + n?,f — Toffser)mod Tegy = 0

where p is the SCS configuration of the UL BWP the CSI report is transmitted on.

For a semi-persistent CSI report on PUSCH, the periodicity T.g; (measured in slots) is configured by the higher layer
parameter reportSlotConfig. Unless specified otherwise, the UE shall transmit the CSI report in frames with SFN 7, and

slot number within the frame ngf satisfying

Nframe,u

slot

(ny —ng ™) + n_f‘f - n;‘,‘}art)mod Tes; = 0

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

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

layer parameters:

- if triggered/activated by DCI format 0_2 and the higher layer parameter reportSlotOffsetListForDCI-Format0-2
is configured, the allowed slot offsets are configured by reportSlotOffsetListForDCI-Format0-2, and

- if triggered/activated by DCI format 0_1 and the higher layer parameter reportSlotOffsetListForDCI-Format0-1
is configured, the allowed slot offsets are configured by reportSlotOffsetListForDCI-Format0-1, and
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- otherwise, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetList.
The offset is selected in the activating/triggering DCI.

For CSI reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where

a subband is defined as NSE, contiguous PRBs and depends on the total number of PRBs in the bandwidth part

according to Table 5.2.1.4-2.

Table 5.2.1.4-2: Configurable subband sizes

Bandwidth part (PRBs) Subband size (PRBs)
<24 N/A
24-172 4,8
73— 144 8,16
145 -275 16, 32

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

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

- A UE is not 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.

- Ifa CSI-IM resource is linked 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 CSI
reporting band. When subband CQI reporting is configured, one CQI for each codeword is reported for each
subband in the CSI reporting band.

- wideband PMI or subband PMI reporting as configured by the higher layer parameter pmi-Formatindicator.
When wideband PMI 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 (iz in clause 5.2.2.2) is
reported for each subband in the CSI reporting band. When subband PMIs are configured with 2 antenna ports, a
PMI is reported for each subband in the CSI reporting band.

- aUE is not expected to be configured with pmi-Formatindicator if codebookConfig is set to 'typell-r16' or
'typell-PortSelection-r16'.

A CSI 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', cgi-Formatindicator 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 cqgi-Formatindicator is set to ‘widebandCQl'’, or
- reportQuantity is set to 'cri-RSRP' or 'ssh-Index-RSRP'

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

The first subband size is given by N SEB —(N é‘&,ﬁ,i mod N SEB) and the last subband size given by

(N ét\%,i + Néi\ZA(;P,i)md NgEB if (N ét\%/rpt,i + Néi\zﬁp,i )mod NSEB #0 and N SB, if (N E%,i + Ngi\zl\?P,i)md NSEB =0
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If a UE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and NZP CSI-RS
resources are configured as periodic or semi-persistent. If a UE is configured with aperiodic CSI reporting, the UE shall
report CSI when both CSI-IM and NZP CSI-RS resources are configured as periodic, semi-persistent or aperiodic.

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

52141 Resource Setting configuration

For aperiodic CSlI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is
associated with one or multiple CSI-ReportConfig where each CSI-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
resourcesForChannelMeasurement) is for channel measurement for L1-RSRP or L1-SINR computation.

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

- When three Resource Settings are configured, the first Resource Setting (higher layer parameter
resourcesForChannelMeasurement) is for channel measurement, the second one (given by higher layer
parameter csi-IM-ResourcesForlnterference) is for CSI-IM based interference measurement and the third one
(given by higher layer parameter nzp-CSI-RS-ResourcesForinterference) is for NZP CSI-RS based interference
measurement.

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

- When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured,
the Resource Setting is for channel measurement for L1-RSRP computation.

- When two Resource Settings are configured, the first Resource Setting (given by higher layer parameter
resourcesForChannelMeasurement) is for channel measurement and the second Resource Setting (given by
higher layer parameter csi-IM-ResourcesForinterference) is used for interference measurement performed on
CSI-IM.

A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for
a CSI-ReportConfig with the higher layer parameter codebookType set to either 'typell’, 'typell-PortSelection’, ‘typell-
r16' or to 'typell-PortSelection-r16'. A UE is not expected to be configured with more than 64 NZP CSI-RS 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’ or 'ssh-Index-RSRP'. If interference measurement is performed on CSI-1M, each CSI-RS
resource for channel measurement is resource-wise associated with a CSI-1M resource by the ordering of the CSI-RS
resource and CSI-1M resource in the corresponding resource sets. The number of CSI-RS resources for channel
measurement equals to the number of CSI-1M resources.

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. The UE
configured with the higher layer parameter nzp-CSI-RS-ResourcesForinterference may expect no more than 18 NZP
CSI-RS ports configured in a NZP CSI-RS resource set.

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

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

- all 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 signal on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for
interference measurement, or CSI-1M resource for interference measurement.

For L1-SINR measurement with dedicated interference measurement resources, a UE assumes:
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- the total received power on dedicated NZP CSI-RS resource for interference measurement [and/] or dedicated
CSI-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 CSI-ReportConfig with the higher layer parameter reportQuantity set to either 'none’,
‘cri-RI-PMI-CQI ', ‘cri-RI-i1', ‘cri-R1-i1-CQI', ‘'cri-RI-CQI', 'cri-RSRP", 'cri-SINR', 'ssh-Index-RSRP', 'ssb-Index-SINR'
or ‘cri-RI-LI-PMI-CQI".

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

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI1-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 CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-il’,

- the UE expects, for that CSI-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 CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-i1-CQlI’,

- the UE expects, for that CSI-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, >1
precoders (corresponding to the same i, but different i, in Clause 5.2.2.2.1), where the UE assumes that one
precoder is randomly selected from the set of N, 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 CSI-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 CSI-ReportConfig, r
ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting
is linked to the CSI-ReportConfig based on the order of the associated NZP-CSI-RS-Resourceld in the linked CSI
resource setting for channel measurement given by higher layer parameter resourcesForChannelMeasurement.
The configured higher layer parameter non-PMI-PortIndication contains a sequence

p((,l), péz), pl(z), p((f’), pl(?’), p§3),..., péR), pl(R),---, péfi)l of port indices, where p{,... p{) are the CSI-RS port

_____ P} where P < {1,2,4,8} is the number of ports in the CSI-RS

resource. The UE shall only report RI corresponding to the configured fields of PortindexFor8Ranks.

indices associated with rank vand R e {12

- if the UE is not configured with higher layer parameter non-PMI-PortIndication, the UE assumes, for each CSI-
RS resource in the CSI resource setting linked to the CSI-ReportConfig, that the CSI-RS port indices
S,y P =10,...,v—1} are associated with ranks v=12,..,P where P < {1,2,4,8} is the number of ports in

the CSI-RS resource.

- When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS
resource. The precoder for the indicated ports shall be assumed to be the identity matrix scaled by %
12
If the UE is configured with a CSI-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
a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.
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- 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 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 either with a single spatial domain receive filter, or with
multiple simultaneous spatial domain receive filters.

If the UE is configured with a CSI-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] nrofReportedRSForSINR (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 either with a single spatial domain receive filter, or
with multiple simultaneous spatial domain receive filters.]

If the UE is configured with a CSI-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' or ‘cri-RI-LI-PMI-CQI', 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-
CSI-RSResource in the corresponding nzp-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of
associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) If K; = 2 CSI-RS resources are
configured, each resource shall contain at most 16 CSI-RS ports. If 2 < K, < 8 CSI-RS resources are configured, each
resource shall contain at most 8 CSI-RS ports.

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'sshb-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-ResourcelList in the corresponding CSI-SSB-ResourceSet.

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI1-PMI-
CQl', 'cri-RI-i1', 'cri-RI-i1-CQI', ‘cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', then the UE is not expected to be configured with
more than 8 CSI-RS resources in a CSI-RS resource set contained within a resource setting that is linked to the CSI-
ReportConfig.

If the UE is configured with a CSI-ReportConfig with higher layer parameter reportQuantity set to ‘cri-RSRP' or 'none'
and the CSI-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 resources in a CSI-RS resource set
contained within the resource setting.

The LI indicates which column of the precoder matrix of the reported PMI corresponds to the strongest layer of the
codeword corresponding to the largest reported wideband CQI. If two wideband CQIs are reported and have equal
value, the LI corresponds to strongest layer of the first codeword.

5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP computation

- the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH
block resources, when resource-wise quasi co-located with '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 all resource sets is no more than 128.

For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-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 nrofReportedRS is configured to be larger than one, or if the higher layer parameter
groupBasedBeamReporting is configured as ‘enabled’, the UE shall use differential L1-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 a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. The
mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133].
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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 up to 64 CSI-RS resources or
up to 64 SS/PBCH Block resources.

For L1-SINR reporting, if the higher layer parameter nrofReportedRSForSINR in CSI-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 nrofReportedRSForSINR is configured to be larger than one, 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 a 4-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-RS is 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
powerControOffsetSS or powerControlOffset.

5.2.15 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 CSI-AperiodicTriggerStateList. For
aperiodic CSl report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering
states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with non-zero
CSlI request per slot. A UE is not expected to be configured with different TCI-Stateld'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 CSI report request for transmission in a given slot.
When a UE is triggered with a CSI report for a DL 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
CSI for the non-active DL BWP and the CSI report associated with that BWP is omitted. When a UE is triggered with
aperiodic NZP CSI-RS in a DL 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
DCl,

- the last 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 state is initiated using the CSI request field in DCI.

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

- When the number of configured CSI triggering states in CSI-AperiodicTriggerStateList is greater than 2N 1,
where Nig is the number of bits in the DCI CSI request field, the UE receives a subselection indication, as

described in clause 6.1.3.13 of [10, TS 38.321], used to map up to 2Ns 1 trigger states to the codepoints of the
CSl request field in DCI. N1 is configured by the higher layer parameter reportTriggerSize where
Ny €{0,1,2,3,4,5,6}. When the UE would transmit a PUCCH with HARQ-ACK information in 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 CSI trigger state(s) to the codepoint(s) of DCI CSI request
field shall be applied starting from the first slot that is after slot n + 3N “2/"*™* where 4 is the SCS
configuration for the PUCCH.
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- When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to 2N —1 the
CSI request field in DCI directly indicates the triggering state.

- For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI 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 a list of references to TCI-
State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list
is configured with a reference to an RS associated with '‘QCL-TypeD', that RS may be an SS/PBCH 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-CSI-RS-ResourceSet configured without higher layer
parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming, as defined in [13, TS
38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported
value of beamSwitchTiming is one of the values of {224, 336}.

- if there is any 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 refers to 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}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of
beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;

- else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET
associated with a monitored search space with the lowest controlResourceSetld in the latest slot in which
one or more CORESETS within the active BWP of the serving cell are monitored.

- 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 is equal to or greater than the UE reported threshold
beamSwitchTiming when the reported value is one of the values of {14,28,48%}, or is equal to or greater than
48 when the reported value of beamSwitchTiming is one of the values of {224, 336}, 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 CSI trigger field in DCI.

- A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the
order of the associated positions of the up to 2N7s — 1 trigger states in CSI-AperiodicTriggerStateList with
codepoint '1' mapped to the triggering state in the first position.

For a UE configured with the higher layer parameter CSI-AperiodicTriggerStateList, if a Resource Setting linked to a
CSI-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, including the case that the UE is not configured with
[minimumSchedulingOffset] for any DL or UL BWP and all the associated trigger states do not have the higher layer
parameter gcl-Type set to '‘QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of
{0, 1, 2, 3, 4, 16, 24} slots. If the UE is not configured with [minimumSchedulingOffset] for any DL or 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-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM
follows offset of the associated NZP CSI-RS for channel measurement.

The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI.
When the minimum scheduling offset restriction is applied, UE is not expected to be triggered by CSI triggering state
indicated by the CSI 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.
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If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI
report triggered by different DClIs 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 numerologies 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 resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-

Info is smaller than the UE reported threshold beamSwitchTiming +d * 2 —-© 2P i cs1Rs symbols, as

defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48+ d
when the reported value of beamSwitchTiming is one of the values of {224, 336} and where if the pppcch <
Mcsirs, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero

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

- if there is any 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 refers to 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 27 csIRs [2FFDCCH CSI-RS symbols
when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger
than or equal to 48+ d when the reported value of beamSwitchTiming is one of the values {224, 336},
periodic CSI-RS, semi-persistent CSI-RS;

- else,

- if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to 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 CORESET-ID in the latest slot in which one or
more CORESETS within the active BWP of the serving cell are monitored.

- else, 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-RS is to
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 resources is equal to or greater than the UE reported threshold beamSwitchTiming + d

+ 27CSIRS H{E'HFDEEH in CSI-RS symbols, when the reported value is one of the values of {14,28,48}, or is equal
to or greater than 48+d when the reported value of beamSwitchTiming is one of the values of {224, 336}, 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 CSI trigger field in DCI.

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

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

Aperiodic CSI-RS timing:

- When the aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset X is configured
per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the
values of {0, 1,...31} slots when the tppccn < Hesirs and {0, 1, 2, 3, 4, 16, 24} when the pepccr > HUcsirs.. The
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2 HPDCCH 2 Hoffset,PDCCH 2 Hoffset CSIRS

cA ca
. . L 2SS N N .
aperiodic CSI-RS is transmitted in a slot {n- J+ X +M slot offset,PDCCH _ __slot,offset CSIRS ]-Z”CS'RS J if

UE is configured with CA-slot-offset for at least one of the triggered and triggering cell, and K=

21‘CSIRS
n- + X , otherwise, and where

2 HPDCCH

- nis the slot containing the triggering DCI, X is the CSI-RS triggering offset in the numerology of CSI-RS
according to the higher layer parameter aperiodicTriggeringOffset,

- Ucsirs and pppccy are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,

- NSCIOAL offset, PDCCH N Uofrser, ppccuare the Nsclfjtl offset @Nd the u ... , respectively, which are determined by

higher-layer configured cA-slot-offset for the cell receiving the PDCCH

H CA CA P H
respectlvely, Nslot, offset, CSIRS and :uoffset, CSIRS are the Nslot, offset and the Hotfset 1 respeCtlverv WhICh are

determined by higher-layer configured cA-slot-offset for the cell transmitting the CSI-RS respectively, as
defined in [4, TS 38.211] clause 4.5

- If the pppoceH < Mcsirs, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no
earlier than the first symbol of the CSI-RS carrier's slot that starts at least Ncsirs PDCCH symbols after the end
of the PDCCH triggering the aperiodic CSI-RS.

- If the pppccH > Hesirs, 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 as a function of the subcarrier spacing of the triggering PDCCH

UpDccH Nesirs [Symbols]
0 4
1 5
2 10
3 [14]
5.2.1.5.2 Semi-persistent CSI/Semi-persistent CSI-RS

For semi-persistent reporting on PUSCH, a set of trigger states are higher layer configured by CSI-
SemiPersistentOnPUSCH-TriggerStateList, where the CSI request field in DCI scrambled with SP-CSI-RNTI activates
one of the trigger states. A UE is not expected to receive a DCI scrambled with SP-CSI-RNTI activating one semi-
persistent CSI report with the same CSI-ReportConfigld as in a semi-persistent CSI report which is activated by a
previously received DCI scrambled with SP-CSI-RNTI.

For semi-persistent reporting on PUCCH, the PUCCH resource used for transmitting the 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 + 3N X2/ ™eH where 4 is the SCS configuration for the PUCCH.

slot

For a UE configured with CSI resource setting(s) where the higher layer parameter resourceType set to 'semiPersistent'.

- when a UE receives an activation command, as described in clause 6.1.3.12 of [10, TS 38.321], for CSI-RS
resource set(s) for channel measurement and CSI-IM/NZP CSI-RS resource set(s) for interference measurement
associated with configured CSI resource setting(s), and when the UE would transmit a PUCCH with HARQ-
ACK information in slot n corresponding to the PDSCH carrying the selection command, the corresponding
actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list 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 slot n +

3NZERITameR where 4 is the SCS configuration for the PUCCH. If a TCI-State referred to in the list is

configured with a reference 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.
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- when a UE receives a deactivation command, as described in clause 6.1.3.12 of [10, TS 38.321], for activated
CSI-RS/CSI-IM resource set(s) associated with configured CSI resource setting(s), and when the UE would
transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the
deactivation command, the corresponding actions in [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 “2/7¥™eH where 4 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 CSI-SemiPersistentOnPUSCH-TriggerStateList, with codepoint '0' mapped
to the triggering state in the first position. A UE validates, for semi-persistent CSI 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
sp-CSI-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 CSI transmission on PUSCH, and the UE activates or deactivates a CSI Reporting Setting indicated by
CSlI request field in the DCI. If validation is not achieved, the UE considers the DCI format as having been detected
with a non-matching CRC.

Table 5.2.1.5.2-1: Special fields for semi-persistent CSI activation PDCCH validation

DCl 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 CSl deactivation PDCCH validation

DCI format 0_1/0_2
HARQ process number setto all '0's

Modulation and coding scheme settoall '1's

If higher layer configures RA type 0 only, set to all '0's;

If higher layer configures RA type 1 only, setto all '1's;
If higher layer configures dynamic switch between RA type 0 and 1,

then if MSB is'0’, set to all '0's; else, setto all '1's

Redundancy version setto all '0's

Resource block assignment

If the UE has an active semi-persistent CSI-RS/CSI-IM resource configuration, or an active semi-persistent ZP CSI-RS
resource set configuration, and has not received a deactivation command, the activated semi-persistent CSI-RS/CSI-IM
resource set or the activated semi-persistent ZP CSI-RS resource set configurations are considered to be active when the
corresponding DL BWP is active, otherwise they are considered suspended.

If the UE is configured with carrier deactivation, the following configurations in the carrier in activated state would also
be deactivated and need re-activation configuration(s): semi-persistent CSI-RS/CSI- IM resource, semi-persistent CSI
reporting on PUCCH, semi-persistent SRS, semi-persistent ZP CSI-RS resource set.

5.2.1.6 CSI processing criteria

The UE indicates the number of supported simultaneous CSI calculations Npy. If a UE supports Np; Simultaneous
CSl calculations it is said to have Np;; CSI processing units for processing CSI reports across all configured cells. If L
CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has Np;; — L unoccupied CPUs. If
N CSI reports start occupying their respective CPUs on the same OFDM symbol on which Ngp; — L CPUs are

unoccupied, where each CSl report n = 0, ..., N — 1 corresponds to Oé% the UE is not required to update the N — M
requested CSI reports with lowest priority (according to Clause 5.2.5), where 0 < M < N is the largest value such that

M3 08 < Ngpy — L holds.

A UE is not expected to be configured with an aperiodic CSI trigger state containing more than Np;; Reporting
Settings.Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
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- Ocpy = 0 for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none’ and
CSI-RS-ResourceSet with higher layer parameter trs-Info configured

- Ocpy =1 for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP",
'ssh-Index-RSRP’, ‘cri-SINR', 'ssh-Index-SINR' or 'none' (and CSI-RS-ResourceSet with higher layer parameter
trs-Info not configured)

- for a CSlI report with CSI-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,

- ifa CSl 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 CSI corresponds to a single 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-CQl', Ocpy = Nepy»

- otherwise, O.py = K, where K is the number of CSI-RS resources in the CSI-RS resource set for channel
measurement.

For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to ‘none’, the CPU(s) are
occupied for a number of OFDM symbols as follows:

- A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI 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 PUSCH/PUCCH carrying the
report.

- An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until
the last symbol of the PUSCH carrying the report.

- An initial 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 PUSCH carrying the report.

For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-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 CSI report (excluding an initial semi-persistent CSI 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 Z4
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.

- An aperiodic 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 Z;
symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-
RSRP computation.

where (Z3, Z}) are defined in the table 5.4-2.

In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources than reported as
capability. NZP CSI-RS resource is active in a duration 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-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. If a
CSI-RS resource is referred by N CSI reporting settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS
resource are counted N times.
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52.2 Channel state information

5.2.2.1 Channel quality indicator (CQI)

The CQI indices and their interpretations are given in Table 5.2.2.1-2 or Table 5.2.2.1-4 for reporting CQI based on
QPSK, 16QAM and 64QAM. The CQI indices and their interpretations are given in Table 5.2.2.1-3 for reporting CQI
based on QPSK, 16QAM, 64QAM and 256QAM.

Based on an unrestricted observation interval in time unless specified otherwise in this Clause, and an unrestricted
observation interval in frequency, the UE shall derive for each CQI value reported in uplink slot n the highest CQI
index which satisfies the following condition:

- Asingle PDSCH transport block with a combination of modulation scheme, target code rate and transport block
size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the
CSl reference resource, could be received with a transport block error probability not exceeding:

- 0.1, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'tablel' (corresponding to Table
5.2.2.1-2), or 'table2' (corresponding to Table 5.2.2.1-3), or

- 0.00001, if the higher layer parameter cqi-Table in CSI-ReportConfig configures 'table3' (corresponding to
Table 5.2.2.1-4).

If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, the UE shall derive the
channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than
the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting.

If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the
UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent,
no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI
resource setting.

If a UE is not configured with higher layer parameter timeRestrictionForinterferenceMeasurements, the UE shall derive
the interference measurements for computing CSI value reported in uplink slot n based on only the CSI-IM and/or NZP
CSI-RS for interference measurement no later than the CSI reference resource associated with the CSI resource setting.

If a UE is configured with higher layer parameter timeRestrictionForlInterferenceMeasurements in CSI-ReportConfig,
the UE shall derive the interference measurements for computing the CSI value reported in uplink slot n based on the
most recent, no later than the CSI reference resource, occasion of CSI-IM and/or NZP CSI-RS for interference
measurement (defined in [4, TS 38.211]) associated with the CSI resource setting.

For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
- Sub-band Offset level (s) = sub-band CQI index (s) - wideband CQI index.
The mapping from the 2-bit sub-band differential CQI values to the offset level is shown in Table 5.2.2.1-1

Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level

Sub-band differential CQI value Offset level
0 0
1 1
2 =2
3 <-1

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signaled for transmission on the PDSCH in the CSI reference resource according to the
Transport Block Size determination described in Clause 5.1.3.2, and

- the modulation scheme is indicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results in
the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
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equally close to the code rate indicated by the CQI index, only the combination with the smallest of such

transport block sizes is relevant.

Table 5.2.2.1-2: 4-bit CQI Table

CQI index modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 640QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 64QAM 948 5.5547

Table 5.2.2.1-3: 4-bit CQI Table 2
CQI index modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 64QAM 567 3.3223
9 64QAM 666 3.9023
10 64QAM 772 4.5234
11 64QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 2560Q0AM 885 6.9141
15 256QAM 948 7.4063
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Table 5.2.2.1-4: 4-bit CQI Table 3
CQIl index modulation | code rate x 1024 | efficiency

0 out of range
1 QPSK 30 0.0586
2 QPSK 50 0.0977
3 QPSK 78 0.1523
4 QPSK 120 0.2344
5 QPSK 193 0.3770
6 QPSK 308 0.6016
7 QPSK 449 0.8770
8 QPSK 602 1.1758
9 16QAM 378 1.4766
10 16QAM 490 1.9141
11 16QAM 616 2.4063
12 64QAM 466 2.7305
13 64QAM 567 3.3223
14 64QAM 666 3.9023
15 64QAM 772 45234

52211 (void)

5.2.2.2 Precoding matrix indicator (PMI)

5.2.2.2.1 Type | Single-Panel Codebook

For 2 antenna ports {3000, 3001} and the UE configured with higher layer parameter codebookType set to 'typel-
SinglePanel' each PMI value corresponds to a codebook index given in Table 5.2.2.2.1-1. The UE is configured with the
higher layer parameter twoTX-CodebookSubsetRestriction. The bitmap parameter twoTX-CodebookSubsetRestriction
forms the bit sequence as,...,a;,a, where a, isthe LSB and a; is the MSB and where a bit value of zero indicates

that PMI reporting is not allowed to correspond to the precoder associated with the bit. Bits 0 to 3 are associated
respectively with the codebook indices 0 to 3 for v =1 layer, and bits 4 and 5 are associated respectively with the

codebook indices 0 and 1 for v=2 layers.

Table 5.2.2.2.1-1: Codebooks for 1-layer and 2-layer CSl reporting using antenna ports 3000 to 3001

Number of layers o,

Codebook
index 1 2
0 il 111 1
J2|1 2|1 -1
1 1[1} 1{1 1}
V2L 215 -1

For 4 antenna ports {3000, 3001, 3002, 3003}, 8 antenna ports {3000, 3001, ..., 3007}, 12 antenna ports {3000, 3001,
..., 3011}, 16 antenna ports {3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports
{3000, 3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to ‘typel-SinglePanel’,
except when the number of layers o < {2,3,4} (where , is the associated RI value), each PMI value corresponds to

three codebook indices i, , i, ,,i,- When the number of layers o < {2,3,4} , each PMI value corresponds to four
codebook indices i, ,i, 5,1, 5,1, The composite codebook index i, is defined by
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[iy bp|  ve{234)
[iy by, hg] ve{234)

The codebooks for 1-8 layers are given respectively in Tables 5.2.2.2.1-5,5.2.2.2.1-6,5.2.2.2.1-7,5.2.2.2.1-8,5.2.2.2.1-
9,5.2221-10,5.2.2.2.1-11, and 5.2.2.2.1-12. The mapping from i, , to k; and k, for 2-layer reporting is given in

Table 5.2.2.2.1-3. The mapping from i ; to k; and k, for 3-layer and 4-layer reporting when Peg s <16 is given in
Table 5.2.2.2.1-4. The quantities ¢, 6y, Uy, v, ,,and G, . are given by

Il—

0, = ej/rn/Z
‘gp — ejﬁp/‘1
j 2zm j27rm(N2—l)
1 e%N ..og ON N, >1
Uy =
1 N 2 :1
M .2 AT T
Vim=|Up €%MNu, e oMoy
- T
i 47l J.47[|(N1/2—l)
Um=|Uy €%MNu, - e ANy

- The values of N and N, are configured with the higher layer parameter n1-n2, respectively. The supported
configurations of (N,,N,) for a given number of CSI-RS ports and the corresponding values of (0,,0,) are
given in Table 5.2.2.2.1-2. The number of CSI-RS ports, Peggs, iIS2N;N,.

- UEshall only use i, , =0 and shall not report i, , if the value of N is 1.

The bitmap parameter n1-n2 forms the bit sequence ap 1.8, 8 where a, is the LSB and ap 4 is the MSB and

where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoder associated with the
bit. The number of bits is given by A, = N,O;N,0,. Except when the number of layers o, < {3, 4} and the number of

antenna ports is 16, 24, or 32, bit a, ,,,, IS associated with all precoders based on the quantity v, .,

1=0,...,N;0, -1, m=0,...,N,0, —1. When the number of layers ,, < {3,4} and the number of antenna ports is 16,
24, or 32,

- bits 3(N202(2|_1) +m)mod N,O,N,0, + aN202(2|)+m , and aNzoz(2I+1)+m are each associated with all precoders based on the
quantity ¢, ., 1=0,...,N;0;/2-1, m=0,...,N,0, -1;

- if one or more of the associated bits is zero, then PMI reporting is not allowed to correspond to any precoder
based on v, , .

For UE configured with higher layer parameter codebookType set to ‘typel-SinglePanel’, the bitmap parameter typel-
SinglePanel-ri-Restriction forms the bit sequence r,..., 1, r, where r, is the LSB and r, is the MSB. When r, is zero,

ie{0,1,...,7}, PMI and RI reporting are not allowed to correspond to any precoder associated with v = i+1 layers.

For UE configured with higher layer parameter reportQuantity set to ‘cri-RI-i1-CQI', the bitmap parameter typel-
SinglePanel-codebookSubsetRestriction-i2 forms the bit sequence by, ...,by, by Where b, is the LSB and b, is the
MSB. The bit b; is associated with precoders corresponding to codebook index i, = i. When b; is zero, the randomly
selected precoder for CQI calculation is not allowed to correspond to any precoder associated with the bit b;.
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Table 5.2.2.2.1-2: Supported configurations of (N;,N,)and (0;,0,)

Number of
CSI-RS antenna ports, Psgirs (N1, Ny) (0,,0,)
4 (2,1) (4,1)
8 (2,2) (4,4
(4,1 (4,1)
(3,2) (4,4)
12 (6,1) (4,1)
(4,2) (4,4
10 8,1) (4,1
(4,3) (4,4)
24 (6.2) (4.,4)
(12,1) (4,1)
(4.4) (4.4)
32 (8.2) (4.4)
(16,1) (4,1

Table 5.2.2.2.1-3: Mapping of i, to k; and k, for 2-layer CSl reporting

N> No>T] Nj=N, [ Ny=2N,=1 ] Ny>2N,=1
Bk [k | Ky | Ky | Ky K, K, K,
0 0 0o [ofo 0 0 0 0
1 O, 0 O, 0 O, 0 O, 0
2| 0o [o, [0 |0 20, | 0
3120 | 0|0 |0, 30, 0

Table 5.2.2.2.1-4: Mapping of i,; to k; and k, for 3-layer and 4-layer CSl reporting when Pgg rs <16

I Ny=2,N,=1 [ N;=4,N,=1 [ N;=6,N,=1 | N;=2,N, =2 [ N, =3,N, =2
Il’3 kl I(2 kl k2 kl I(2 kl k2 kl k2
0| O 0 o} 0 o} 0 o} 0 o} 0
1 20, | o | 20, | o 0 0, 0 0,
2 30, 0 30, 0 o, 0, o | o
3 40, | o 20, | o

Table 5.2.2.2.1-5: Codebook for 1-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

11

I

codebookMode = 1

I

0,.1,...

N,0, -1

0.....N,0, -1

w.®

I1,1’I1,2 'IZ

0123

where W&%n

1
) Fesirs {

VI,m :|
PVim l
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codebookMode =2, N, >1
i i l
11 1,2
0 1 2 3
N,O N,O @) 1) 1) @
0L..., 712 t-1 | 0L.., 722 2-1 2i; 1,21 5,0 20,20 5,1 201,20 5,2 201,20 ,,3
i i b
1,1 1,2
4 5 6 7
N,O N,O 1) (1) @ )
0L 171— 01... %—1 2i;,+1,2i;,,0 20, +1,2i .1 20y, +1,2i; 5,2 2i;,+1,2i;,,3
i i b
1,1 1,2
8 9 10 11
N,O N,O 1) 1) @) 1)
0L 171_ 01..., %—1 2iy,,2i; ,+10 20y 1,2y ,+11 20y 1,2i; ,+1,2 20y, ,2i; ,+13
i i b
1,1 1,2
12 13 14 15
N,O N,O @) @) () @
0L... %— 0L..., %—1 W2i1,1+1,2i1,2+1,0 W2i111+1,2i1‘2+1,1 W2i1v1+1,2i1‘2+1,2 W2i1'l+1,2i1|2+1,3
v
1) 1 I,m
where W|( = .
e \FPesirs PaVim
codebookMode =2, N, =1
. . i
11 I2 2
0 1 2 3
N,O O (€] ) (@)
0L..—=+-1| o Wi 00 WZiM,O,l Wi 02 WZiM,O,S
i . i
11 I2 2
4 5 6 7
N,O @) 1) @) @
0L..., %—1 0 W2i1‘1+1,0,0 2i,,+1,01 W2i1‘1+1,0,2 W2i“+1,0,3
: : i
11 I2
8 9 10 11
N;O @) @) @) @)
0L... %‘1 0 W2iu+2,0,0 W2i1,1+2,0,1 W2i1,1+2,0,2 W2iu+2,0,3
) . i
11 I2
12 13 14 15
N,O @ 1) @) @)
0L..., 12 -1 o W2i1‘1+3,o,o W2i1‘1+3,o,1 W2i111+3,0,2 W2i1‘1+3,0,3
v,
o __ 1 I
where W'y, = —— .
e VPesirs Lﬂnvhm}

Table 5.2.2.2.1-6: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1

i1 2 s
2
0,1...,N,O -1 0,...,N,0, -1 01 il(vl'?lvﬁkl’il‘z’il‘ﬁkz'iz
1 V| m Vl' m’
where W& -~ | ’ '
LI mm’n \/m P Vim PV

and the mapping from i ; to k; and k, isgiven in Table 5.2.2.2.1-3.
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codebookMode =2, N, >1
. i
1 2 0 2 1
N,O N,O V) 2
0, %— 0,..., 22 2-1 Wai 21, +k 20,2, +K,.0 Wai 21, 4k 20, 20,y 4
. i
U I1,2 2 2 3
N,O N,O 2 0]
0,..., 12 L-1|0 ,%—1 Wai 121, 41k, 20,21+, 0 Wai 1,21, 414k, 21, 20 +h, 1
. i
i1 I1,2 4 2 5
N,O N,O 2
0,...,.—2-110,..,——2-1 WS 20, 2 1,21 11k 0 W2(i11),2i11+k1,2i12+1,2i12+1+k2,1
2 2 o2t 2o L2k
. i
1 h2 6 2 7
N,O N,O 2 %)
0,..., % -1]0,..., % =1 | Wai 41,20, 41k, 20, 41,21, 41k, 0 W2i1‘1+l,2i1‘1+1+k1,2i1’2 1,20, 41K, 1
1 Vim Vi
where W? - - | & ' .
LEm.mn NIZPCSI—RS ¢nVI,m _(pnvl',m'
and the mapping from i ; to k; and k, isgiven in Table 5.2.2.2.1-3.

codebookMode =2, N, =1
. i
e n2 0 1 2 2 3
N,O (2) (2) (2) (2)
0,-.-,%—1 0 Wzil_l,zimkl,o,o,o W2i1‘1,2i1‘1+k1,0,0,1 W2i1‘1+1,2im+1+k1,O,O,O W2i1‘1+1,2i1‘1+1+k1,0,0,1
. i
e G 4 5 2 6 7
N,O @ () (2)
0,.., 12 L-1] 0 | Wizai20000 Woi v2.2i, 420,001 | Wai 4321, +3+k,000 | Wai, 4321, +3+k,0,01
1 VI.m Vi
where W® - = ' ' .
LIm.m.n \IZPCSI-RS PVim  —O
and the mapping from i, ; to k, isgivenin Table 5.2.2.2.1-3.

Table 5.2.2.2.1-7: Codebook for 3-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1-2, Prgrs <16

i o )
(3)
0. NO =1 | 0L.NOp-1 | 01 | WS 0o,
1 vi, Virm v,
where W " " "

1LInmm.n = .
V3Fesirs | PVim - @V —PaVim

and the mapping from i, ; to k; and k, isgivenin Table 5.2.2.2.1-4.
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codebookMode = 1-2, P-g.rs 216

i1 I > I3 l
0. % 4 0. N0,-1 | 0123 |01 W® .
2 11071,2011,31%2
Vl,m \7I,m Vl,m
1 Hp\7| m _Hpvl,m 9p\7| m

3) _ _
where W, = i v v,
e 3Fesirs | #nVim Vi m ~PVim
¢n‘9p\7| m _¢n6p\7| m _(Dnepvl m

Table 5.2.2.2.1-8: Codebook for 4-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1-2, Prg.rs <16

i1 ho )
(4)
0,...,N,O; -1 0,1...,N,0, -1 0,1 Wi1‘1vi1‘1+k11i1,21i1,2+k21i2
l V|Y V|rY ’ V|' VlrY ’
where V\l|(4) = " " " "

mmn T T e .
mma VAPesirs | PVim &V —@Vim Vi
and the mapping from i, ; to k; and k, isgivenin Table 5.2.2.2.1-4.

codebookMode = 1-2, Prg.rs =216

I 2 3 Iy
0,.. Nlol-l 0,...,N,0, -1 0123 | 01 | w®
T 2 2z LYILPIL IS
\7|,m \7|'m \7|,ITI \7|’m

h w® 1 HPvLm _epvl,m Hp\7|]m _‘9p\7l,m

where W' | =——x| : ! '
e \/4Pc3|-Rs PaViym PVim O Vim Y% m
gongvam _("anVLm —(Onng"m %Hpvl,m

Table 5.2.2.2.1-9: Codebook for 5-layer CSI reporting using antenna ports 3000 to 2999+Pcs.rs

codebookMode =1-2
i1 P iy
(®)
N, >1 0,...,N;O,-1 | 0,...,N,0,-1 | 0,1 Wil‘l,ilyl‘*’ol,i1’1+01,i1y2’il‘z’i112+02’i2
= (5)
N, >2,N, =11 0,...,N,O, -1 0 01 Wim,ierOl,i1‘1+201,o,0,o,i2

Y v Vi Vi Vit
where W&, __ 1 hm I,m e Ve Virm
o \/5PCSI-RS PVim P Vim Vrm Ve Vi
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Table 5.2.2.2.1-10: Codebook for 6-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode =1-2
i1 i > iy
(6)
N, >1 0,...,N;O; -1 0,...,N,0, -1 0,1 i1, #0040 s 5,405,
= (6)
N, >2,N, =1 0,...,N;O; -1 0 01 iy 0y, +0,i;+20,,0,0,0,i,
Y v Vir e Vi Ve Ve
where Wl(le,)lﬁ o = ; I.m I,m Im Im 1" m 1" m
o \IGPCSI—RS PVim P Vim PV TPV VP Virwe

Table 5.2.2.2.1-11: Codebook for 7-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

: codeb_ookMode =1-2
1 h2 iy
Ny=4,N;=1 ) 0,..., leol -1 0 01 il(,j,?lvﬁol,i1v1+201,i1v1+301,0,0,0,0,i2
N, >4,N,=1 | 0,...,N,O —1 0 01 iﬁﬁol,imzol,i1,1+3ol,o,o,o,o,i2
N,=2,N,=2 | 0,...,N,0,-1 | 0,...,N,0,-1 | 01 ifz)il‘ﬁol,il‘l,il‘ﬁoi,il‘z,il‘z,il‘z+oz,i1,2+oz,iz
Ny >2,N, =2 | 0,...,N,O, -1 0:--”%—1 0.1 il(:,)ilyﬁol,il‘l,i1‘1+01,i1‘2,il‘z,i1‘2+02,im+02,i2
N,>2,N,>2 | 0...,NJO,-1 | 0...,N,0,-1 | 01 Wifzgl,ﬁol,il‘l,il‘ﬁoi,im,il‘z,i1‘2+oz,i1,2+oz,iz
where W, . . _ 1 Vim Vi,m Ve Yrme Ve Vit Vi
B Y \/7PCSI-RS (DnVI,m _("nvl,m (pnvl’,m’ VI”,m” _VI”,m” VI”’,m'” _VI’",m”

Table 5.2.2.2.1-12: Codebook for 8-layer CSl reporting using antenna ports 3000 to 2999+Pcs-rs

where Wlfls,?lnylm

,m,m’.m”,m”,n

codebookMode =1-2
i1,1 i1,2 i2
N,O, ®)
Ny =4,N, =1 0...—/- 0 01 iv1i,+0,i;+20,i;,+30,,0,0,0,0,i,
_ (8)
Ny >4,N, =1 0....N,G -1 0 01 Wi i,40,4,,+20,1,,+30,.0.0,0,0,;
_ _ (8)
Nl - 2, N2 n 2 O"”, Nlol _1 0"“, N202 _1 Oll Wil,l’i1,1+ol'il,l’i1,1+ol'i1,2’i1,2’i1,2+02'i1‘2+02’i2
_ N,O, ®
Nl > 2, N2 - 2 0,' o NlOl _1 0’ e 2 _1 011 Wil,l’i1,1+ol’il,l’i1,1+ol’i1,2’il,Z’i1,2+OZ'iL2+OZ’i2
(8)
Nl > 2, N2 > 2 0’.“1 N101 _1 O’..., N202 _1 011 Wil,l’i1.1+01’il,l’i1.1+ol’i1,2’i1,2’i1.2+02'i1,2+02’i2
1 Vim Vim Virm Virm Vrme Virme Virme Vir e

\’8PCSI-RS ¢’nVI,m _(/)nvl,m ¢’nVI’,m’ _(Dnvl’,m’ VI”,m” _VI”,m” VI’”,m’” _VI’”,m’”

52222

Type | Multi-Panel Codebook

For 8 antenna ports {3000, 3001, ..., 3007}, 16 antenna ports {3000, 3001, ..., 3015}, and 32 antenna ports {3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to ‘typel-MultiPanel’,
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- The values of Ny N,and N, are configured with the higher layer parameters ng-n1-n2. The supported

configurations of (Ng Ny, N2) for a given number of CSI-RS ports and the corresponding values of (0,,0,)
are given in Table 5.2.2.2.2-1. The number of CSI-RS ports, Pegigs, IS 2N N;N, -

- When Ng =2, codebookMode shall be set to either '1' or '2'. When Ng =4, codebookMode shall be set to '1".

The bitmap parameter ng-n1-n2 forms the bit sequence ap 1,8, 8 where a, is the LSB and C is the MSB and

where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoder associated with the
bit. The number of bits is given by A, = N;O,N,0,. Bit a ., is associated with all precoders based on the quantity

Vims 1=0,...,N;O, =1, m=0,...,N,0, -1, as defined below. The bitmap parameter ri-Restriction forms the bit
sequence fy, ..., i, I, Where 1, is the LSB and r, is the MSB. When r, is zero, i < {0,1,...,3} , PMI and RI reporting are

not allowed to correspond to any precoder associated with v =1+1 layers.

Table 5.2.2.2.2-1: Supported configurations of (Ng,Nl,Nz) and (0,,0,)

Number of

CSI-RS antenna ports, Psgrs (Ng’va Nz) (01102)
8 (2,2,1) 4,1)
(2,4,1) (4,1)
16 (4,2,1) 4,1
(2,2,2) (4,4)
(281) (4,1)
32 (4.4.1) (4,1)
(24,2 (4.4
(4.2,2) (4,4

Each PMI value corresponds to the codebook indices i, and i,, where i is the vector

[im I 2 i1,4] v=1

[il,l hy g i1,4} ve{2,34

Il_

and o, is the associated RI value. When codebookMode is setto ‘', i, , is
) 41 Ng =2
g =1r. _ ) :

['1,4,1 ha,2 '1,4,3] Ny =4

When codebookMode is set to '2', i, , and i, are
by = [i1,4,1 i1,4,2}
Iy =[i2,o i2,1 i2,2]

The mapping from i, ; to k; and k, for 2-layer reporting is given in Table 5.2.2.2.1-3. The mapping from i ; to k;
and k, for 3-layer and 4-layer reporting is given in Table 5.2.2.2.2-2.

- UEshall only use i,, =0 and shall not report i, , if the value of Nz is 1.
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Table 5.2.2.2.2-2: Mapping of i ; to k; and k, for 3-layer and 4-layer CSl reporting

[ N,=2,N,=1 ] N,=4,N,=1 | N,=8N, =1 | N,=2,N, =2 | N,=4 N, =2
o Ky ko Ky Ky Ky ko Ky Ky Ky Ky
0 O, 0 0O, 0 O, 0 O, 0 O, 0
1 20, 0 20, 0 0 0, 0 0,
> 0, | 0| %0 | 0] o | o o | o,
3 40, 0 20, 0

Several quantities are used to define the codebook elements. The quantities ¢, apr by Uy, and v, ., are given by

?n :ejzz'n/2

bn _ e—jn/4ej7rn/2

. 2zm j27rm(N2—1)
1 e%M ... ¢ OMN No>1
Uy, =
1 N2=1
;.2 271(N,-1) T
Vim=|Up € %Mug e ANy

N, 1
m,p,n

2N, 1

Furthermore, the quantities Wﬁ and W (Ng € {2,4} ) are given by

Vi,m Vim
W|1?r21'lp n= ! Prim Wz = SN A
0 Pesirs PpVim e \FPesirs PpVi,m
| PaPpVim | |~ @0 Vim |
I Vl,m_ i V|,m_
PoVim ~PaVim
@pVim ?pVi.m
wiat 1 PnPp Vi W24l 1 ~PnPpVim
pmen JPosirs | PrVim hmen m #p,Y1m
PnPp,VI,m ~Pn®p,Vim
Pp,Vim Pp,Vi,m
| n®p,Vim | | ~2n®pVim |
where
_{ Py Ng =
P= [pl P, p3] Ng = 4’
1N,,2

and the quantities W, o, %" and VVLZ,;E‘;"s (Ng =2) are given by
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Vl,m
WI1,2,2 _ 1 Pn,Vim W|2’2’2 _ 1
\m,p,n ,m,p,n
\/PCSI—RS aplbnlvl,m \/PCSI—RS
apzbnzvl,m
where
p=[p P
n=[ny n nj

3GPP TS 38.214 V16.1.0 (2020-03)

VI,m
~Pn,Vim
aplbnlvl,m

_apzbnzvl,m

The codebooks for 1-4 layers are given respectively in Tables 5.2.2.2.2-3, 5.2.2.2.2-4, 5.2.2.2.2-5, and 5.2.2.2.2-6.

Table 5.2.2.2.2-3: Codebook for 1-layer CSI reporting using antenna ports 3000 to 2999+Pcs-rs

codebookMode =1, Ng € {2,4}

11 I 2 baq) 9=L...,Ng—1

0...,N,O,-1 | 0,...,N,0,-1 01,23

0123 | w®

Il,l’ll‘Z 'Il,4 ’IZ

@ LNl
where Wl,m,p,n —lemfp'n .

codebookMode = 2, Ng =2

11 b hag.0=12 12,0

i2,q! q:]-vz

0..,NO, -1 | 0,..,N,0,-1 | 0123 |0123

01 w.®

Il,l’ll‘Z ’|1‘4 ’IZ

_yyiNe2

l.mp,n -

where W®

I,m,p,n

Table 5.2.2.2.2-4: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode =1, Ng € {2, 4}

i o haq' d=1...,Ng—1 |
0,...,N;O ~1 | 0,...,N,0, -1 0123 01 | W i
1 LN, 1 2,N, 1
2 Ny, Ny,
where WIFI’,)m,m’,p,n = E[Wl,m,p,n WI’,m’,p,nj|
and the mapping from i, ; to k; and k, isgiven in Table 5.2.2.2.1-3.
codebookMode = 2, Ng =2
i1 o haq: =12 | i,4,9=0,12
0,..,N;O ~1 | 0,...,N,0,-1 | 0,123 01 W i
2 17 ,LN,2 2,N,.2
where V\/IFI',)m,m',p,n = E[Wl,m,p,n WI’,m',p,n:|
and the mapping from i ; to k; and k, isgiven in Table 5.2.2.2.1-3.
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Table 5.2.2.2.2-5: Codebook for 3-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode =1, Ng € {2, 4}

i1 2 hag' d=L....Ng—-1 Iy
(©)]
0,..., NlOl _1 O,..., N202 _1 011,2,3 0|l i1‘1,i1v1+k1,i1v2,i1v2+k2yi1v41i2
3 1 LN, 1 LN, 1 2N, 1
where WIFI'),m,m’,p,n = ﬁ[wl,m,p,n WI',m',p,n Wl,m,p,n:|

and the mapping from i, ; to k; and k, is given in Table 5.2.2.2.2-2.

codebookMode = 2, Ny =2

I 2

i1,4,q’ q=12

ipq.0=012

0,...,N,0, -1

0.....N,0, -1

0123

0,1

(©)]

b '1,1+k1 LPILP) +k, gl

where W,

LI'mm’, p,n

RENTPEN

'\/§ ,m,p,n

1N, .2
I'm’,p,n

W W,

2N,.2
m,p.n

and the mapping from i ; to k; and k, isgiven in Table 5.2.2.2.2-2.

Table 5.2.2.2.2-6: Codebook for 4-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode =1, Ng € {2, 4}

i1 b2 hag' d=L....Ng—-1 Iy
(4)
0,...,N;O,-1 | 0,...,N,0, -1 0123 0,1 Wi1‘1vi1,1+k1vi1,zvi1‘z+k2xi1,41i2
1 LN, 1 LN, 1 2N 1 2,N, 1
4 N, Ny, Ny, Ny,
where Vvlfl’,)m,m',p,n = ﬁ[wl,m,i),n WI’,m’g,p,n Wl,m,[g),n WI’,m’,gp,nj|

and the mapping from i, ; to k; and k, is given in Table 5.2.2.2.2-2.

codebookMode = 2, Ng =2
i1 b2 bag:4=12 | i,4,9=012
4
0,...,N;O,-1 | 0,...,N,0, -1 0,123 0,1 iy ko
4 1 LN, .2 LN, .2 2,N,,2 2,Ny.2
where WI?I’,)m,m',p,n :ﬁ[wl,m,p,n Vvl',m',p,n Wl,m,p,n Vvl’,m',p,n:|
and the mapping from i ; to k; and k, isgiven in Table 5.2.2.2.2-2.

5.2.2.23

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports {3000, 3001, ..., 3007}, 12 antenna ports {3000, 3001, ...,
3011}, 16 antenna ports {3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports {3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to ‘typell’

Type Il Codebook

- Thevalues of N,and N, are configured with the higher layer parameter n1-n2-codebookSubsetRestriction. The
supported configurations of (N;,N,) for a given number of CSI-RS ports and the corresponding values of
(0,,0,) are given in Table 5.2.2.2.1-2. The number of CSI-RS ports, Pgigs, iS 2NN, .

- The value of L is configured with the higher layer parameter numberOfBeams, where L=2 when Pesirs = 4
and L e{2,3,4} when Pegips >4 .
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- The value of Npg is configured with the higher layer parameter phaseAlphabetSize, where N, <{4,8} .

- The UE is configured with the higher layer parameter subbandAmplitude set to ‘true’ or ‘false’.

- The UE shall not report Rl > 2.

When 0<2, where ,, is the associated RI value, each PMI value corresponds to the codebook indices i, and i, where

i _{['1,1 ho lh3i '1,4,1] v=1
| =

['1,1 b2 ha1 har ka2 '1,4,2] v=2

(i1 ] subbandAmplitude = false’, v =1
- [iz,u i2,1,2] subbandAmplitude = ‘false’, v =2
2 [ipas ipzs | subbandAmplitude = ‘true’, v =1

[iz‘m iho1 12 im_z] subbandAmplitude = ‘true’, v =2
The L vectors combined by the codebook are identified by the indices iy, and i ,, where

i1,1=[Q1 OI2]
¢ e{01...,0,~1}
d, €{0,1...,0, -1}

. N;N,
i 01..., -1,
1,2 E{ ( L J }

Let
nlz[nl(o),...,nl(L’l)]
n, :[néo),...,néL’l)]
n e{0,1,...,N; -1}
n €{0,1,...,N, -1}
and

where the values of C(x,y) are givenin Table 5.2.2.2.3-1.
Then the elements of n; and n, are found from i, , using the algorithm:

s;=0
for i=0,...,L-1

Find the largest X € {L—l—i,..., N;N, —1—i} in Table 5.2.2.2.3-1 such that iy , —S; ;1 > C(x*, L—i)
ei =C(X*,L_i)

Si = Si71 +e|

¥ =N,N, -1-%"

n{i) =n mod N,
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When n, and n, are known, i, , is found using:

nl) = Nlng') +n£') where the indices i =0,1,...,L—1 are assigned such that n) increases as | increases

L-1 .
i, = ZC(NlNZ —1-n(, L—i) ,where C(x,y) is given in Table 5.2.2.2.3-1.
i=0
- IfN,=1,0,=0and n{® =0 for i=0,1...,L-1,and g, is not reported.
- When (N;,N,)=(21), n, =[0,1] and n, =[0,0], and i, , is not reported.
- When (N;,N,)=(4,1) and L=4, n, =[0,1,2,3] and n, =[0,0,0,0], and i, , is not reported.

- When (N;,N,)=(2,2) and L=4, mn, =[0,1,0,1] andn, =[0,0,1,1], and i , is not reported.

Table 5.2.2.2.3-1: Combinatorial coefficients c(x,y)

y 1 2 3 4
X
0 0 0 0 0
1 1 0 0 0
2 2 1 0 0
3 3 3 1 0
4 4 6 4 1
5 5 10 10 5
6 6 15 20 15
7 7 21 35 35
8 8 28 56 70
9 9 36 84 126
10 10 45 120 210
11 11 55 165 330
12 12 66 220 495
13 13 78 286 715
14 14 91 364 1001
15 15 105 455 1365
The strongest coefficient on layer I, 1=1,...,v is identified by ips €{0,1,...,2L—1} .

The amplitude coefficient indicators i, , , and i,,, are
hat = |:kl(,%)) ' kl(i) e kl(,12)L—1:|
i 2 2 2
221 = [k|(,o) K2 I(|(,2)|_71J
k' {01,...,7}
K < {0.1}
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for I =1,...,0 . The mapping from kl(,li) to the amplitude coefficient p,(,li) is given in Table 5.2.2.2.3-2 and the

mapping from k|(’2i) to the amplitude coefficient pfﬁ) is given in Table 5.2.2.2.3-3. The amplitude coefficients are

represented by
p|(1) :[pl(’lo), pfi),---, pl(,lZ)L—l]

p|(2) :[pl(’zo), pfi),---, p|(,22)L—l]

for1=1...,0.
by i kD 1)
Table 5.2.2.2.3-2: Mapping of elements of i, ,: K[i’ to Py}
1 1
ki Py
0 0
1 J/64
2 1/32
3 JY16
s | B
5 N
6 1/2
7 1
Y ; k@ 2
Table 5.2.2.2.3-3: Mapping of elements of i,,,: K/’ to Py
2 2
kl(,i) pl(,i)
0 i
1 1

The phase coefficient indicators are
i1 :[CI,OICI,lv"'vCI,ZL—lJ
for I=1,...,0.
The amplitude and phase coefficient indicators are reported as follows:
- The indicators kl(,lil)‘g‘. =7, kl(,zil)‘a‘. =1,and G, =0 (1=1...,0). kb k®  and G, are not reported for

Liggy * iy,

1=1...,0.

- The remaining 2L—1 elements of i, ,, (I =1...,0) are reported, where k|(11i) €{01...,7}. Let M,

(I=1...,0) be the number of elements of i, , , that satisfy k|(,li) >0.

- The remaining 2L —1 elements of i,,, and i,,, (I=1...,0) are reported as follows:
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- When subbandAmplitude is set to 'false’,

- k|(§)=1for I=1...,0,and 1=01,...,2L-1.i,,, isnotreported for | =1...,0.

- For I =1...,v, the elements of i, ,, corresponding to the coefficients that satisfy kl(%) >0, iz, as

determined by the reported elements of i, , |, are reported, where ¢, ; €{0,1,..., Npg —1} and the
remaining 2L — M, elements of i, ,, are not reported and are setto ¢,; =0.

- When subbandAmplitude is set to 'true’,

- For1=1...,u,the elements of i, ,, and i,,, corresponding to the min(M,,K(2))—1 strongest
coefficients (excluding the strongest coefficient indicated by i, 5, ), as determined by the corresponding
reported elements of i, , ,, are reported, where k|(,2i) € {0,1} and ¢; €{0,1,..., Npg —1} - The values of

K® are given in Table 5.2.2.2.3-4. The remaining 2L—min(M| , K(2)) elements of i, , are not

reported and are set to k|(]2i) =1. The elements of i1, corresponding to the M, — min(M| : K(2)) weakest

non-zero coefficients are reported, where ¢, ; < {0,1,2,3} . The remaining 2L — M, elements of i, ,, are
not reported and are setto ¢,; =0.

- When two elements, k|(]1>2 and kf};, of the reported elements of i, , , are identical (k|(,1>2 = k|(,13 ), then

element min(x, y) is prioritized to be included in the set of the min(M, , K(Z))—l strongest coefficients

for i, ,, and i,,, (I=1...,0) reporting.

Table 5.2.2.2.3-4: Full resolution subband coefficients when subbandAmplitude is set to 'true’

K®

4
4
6

A w|N| —

The codebooks for 1-2 layers are given in Table 5.2.2.2.3-5, where the indices m{” and mg" are given by

) -0n g
mg) = Ozng) +0,

for i=0,1...,L -1, and the quantities ¢, u,,and v, ., are given by
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ei27a/Nsc gypbandAmplitude = *false’
ei27eu/Nrsc gubbandAmplitude = true’, min(M|, K(Z)) strongest coefficients (including i, 5, ) with k(' >0
Pri =y . . - .
' |ei?7/t subbandAmplitude = ‘true’, M, —mln(M|, K(Z)) weakest coefficients with k(Y >0
1 subbandAmplitude = ‘true', 2L — M, coefficients with k(Y =0
i 27zm J.2;zm(N2—1)
1 e%M ... ON N,>1
Uy =
1 N 2= l
;.27 2Ny T
Vim=|Up € %MNug e oMoy,
Table 5.2.2.2.3-5: Codebook for 1-layer and 2-layer CSl reporting using antenna ports 3000 to
2999+Pcsi.rs
Layers
_ O] _W!
v _1 Wchv‘bv”1:"2vp1(1)rp1(2)riz,1‘1 quxqzxnlxnzvpl(l)vpl(Z)'iZ,l,l
1
_ @ _ 1 2
v _2 G NN P PP 10 PSP s _\/§|: .Gz P PP g ququ,nl,nzypﬁl),pﬁz)viu‘z :|

N ® L
1 Z"mp,m;w P Pri @i
i=0

2L-1 o | L2
1) (@2 (€] (2
\/NlNZ Z ( I(,i) ,('i)) ZVm{i),mén Prise PriscPise
i=0 i=0

and the mappings from iy to Q;, g, Ny, Ny, p™® ,and pi , and fromi, 10 iy 44, ipy,, pi® and p§? are as described

where W'

ql,qz,nl,nz,pl(l)vpl(z),q -

, 1=12,

above, including the ranges of the constituent indices of i, and i, .

When the UE is configured with higher layer parameter codebookType set to 'typell', thebitmap parameter typell-
RI-Restriction forms the bit sequence r,, r, where r, is the LSB and r, is the MSB. When ¥, is zero, i < {0,1} , PMI and

RI reporting are not allowed to correspond to any precoder associated with © =141 layers. The bitmap parameter ni-
n2-codebookSubsetRestriction forms the bit sequence B = B, B, where bit sequences B,, and B, are concatenated to

form B . To define B, and B, , first define the 0,0, vector groups G(r.r,) as

G(r.1,) ={ler1+leN2r2+XZ % =01...,N,-Lx, =01...,N, —1}
for

n 6{0,1,...,01—1}
I, e{O,l,...,OZ —1} '

The UE shall be configured with restrictions for 4 vector groups indicated by (rl(k), rz(k)) for k =0,1,2,3 and identified
by the group indices
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for k=0,1,...,3, where the indices are assigned such that g( ) increases as K increases. The remaining vector groups
are not restricted.

k
- If N, =1, g( V=K for k=0,1...,3,and B, isempty.

- IfN,>1, B :bl(lo)”-bl(o) is the binary representation of the integer /5, where bl(lo) is the MSB and bl(o) is
the LSB. g, is found using:

B = Zsjc(olo2 —1—g(k),4—k) :
k=0

k
where C(x,y) is defined in Table 5.2.2.2.3-1. The group indices g( ) and indicators (rl("),rz(")) for
k =0,1,2,3 may be found from g, using the algorithm:
S—l = 0
for k=0,...,3
Find the largest X € {3-K,...,00, -1k} such that A s, ; > C(x*,4—k)
e =C(x*,4—k)
Sk = Sk T8
g = 0,0, -1-x

r]_(k) — g(k) mod()l

(9% -5®)

(k) _

r Ol

The bit sequence B, = BgO)Bgl) B§2) Bf) is the concatenation of the bit sequences B&k) for k=0,1,...,3, corresponding
(k)

to the group indices " *. The bit sequence BQ‘) is defined as

Bl _ kNN (k)

2 2 2
k
Bits bgk’z(N1X2+X1)+1)bgk’2(N1XZ+X1)) indicate the maximum allowed amplitude coefficient p,(’li) for the vector in group g( )

indexed by x, x, , where the maximum amplitude coefficients are given in Table 5.2.2.2.3-6. A UE that does not report

parameter amplitudeSubsetRestriction = 'supported' in its capability signaling is not expected to be configured with
K,2(Ny%, +% )+1),(k,2(Nyx,

b£ (Nt ) )bg (Noen)) 01 or 10.

Table 5.2.2.2.3-6: Maximum allowed amplitude coefficients for restricted vectors

Maximum
Bits Amplitude
b(k,Z(N1x2+x1)+1)b(k,2(N1xz+xl)) Coefficient
e 2 1)
Pri
00 0

N

01 J4
10 Ji2

11 1

=
)
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5.2.2.2.4 Type Il Port Selection Codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports {3000, 3001, ..., 3007}, 12 antenna ports {3000, 3001, ...,
3011}, 16 antenna ports {3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports {3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to 'typell-PortSelection’

- The number of CSI-RS ports is given by Pg s € {4,8,12,16,24,32} as configured by higher layer parameter
nrofPorts.

- The value of L is configured with the higher layer parameter numberOfBeams , where L=2 when Pesirs =4
and L e{2,3,4} when Pegips >4 .

- The value of d is configured with the higher layer parameter portSelectionSamplingSize, where d < {1,2,3,4}

and d smin(%,l.j.

- The value of Npgy is configured with the higher layer parameter phaseAlphabetSize, where Npg, <{4,8} .
- The UE is configured with the higher layer parameter subbandAmplitude set to 'true' or 'false'.

- The UE shall not report RI > 2.

The UE is also configured with the higher layer parameter typell-PortSelectionRI -Restriction. The bitmap parameter
typell-PortSelectionRI-Restriction forms the bit sequence r,, r, where r, is the LSB and r, is the MSB. When r, is

zero, j e{0,1}, PMI and RI reporting are not allowed to correspond to any precoder associated with v = i+1 layers.

When 0<2, where ,, is the associated R value, each PMI value corresponds to the codebook indices i, and i, where

['1,1 h31 '1,4,1] v=1

['1,1 hsi ha1 hg2 '1,4,2] v=2

[iz,l,l] subbandAmplitude = false’, v =1
o [ip11 o1z | subbandAmplitude = ‘false’, v =2
2 [iz,l,l i2,2,1:| subbandAmplitude = true’, v =1

[ip11 Gp21 ip1s 2] SubbandAmplitude = ‘true', v =2

The L antenna ports per polarization are selected by the index i, , , where

P
i 0,1,...,|-SS8RS | 11,
“e{ [ 2d

The strongest coefficient on layer I, 1=1,...,v is identified by i3 €{0,1,...,2L—1} .
The amplitude coefficient indicators i, , , and i,,, are
gy = |:kl(,%)) ' kl(i) e kl(,lz)L—l:|
; 2 2 2
221 = [k|(,o) K2 I(|(,2)|_71J
kP {01,...,7}
kl(,zi) {04}
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for I =1,...,0 . The mapping from kl(,li) to the amplitude coefficient p,(,li) is given in Table 5.2.2.2.3-2 and the

mapping from k|(’2i) to the amplitude coefficient pfﬁ) is given in Table 5.2.2.2.3-3. The amplitude coefficients are

represented by

p|(1) :[pl(’lo), pfi),---, pl(,lZ)L—l]

p|(2) :[pl(’zo), pfi),---, p|(,22)L—l]

for1=1,...,0.

The phase coefficient indicators are
211 =[CI,OICI,11""CI,2L—1J

for1=1,...,0.

The amplitude and phase coefficient indicators are reported as follows:

- Theindicators kP =7 , kl(,zil)a. =1,and G =0 (1=1...,0). kW k@ ,and G~ are not reported for

L, Liggy * iy,

1=1...,0.

- The remaining 2L—1 elements of i, ,, (1=1...,0) are reported, where kl(’li) €{01...7} . Let m,

(I'=1...,0) be the number of elements of i, , , that satisfy kﬁ) >0.

- The remaining 2L—1 elements of i,,, and i,,, (1=1...,0) are reported as follows:
- When subbandAmplitude is set to 'false’,

- k|(§)=1for I=1..,v,and i1=01...,2L -1 i, ,, isnotreported for I =1,...,0.

. - . 1
- For I=1...,u,the M, -1 elements of i, ,, corresponding to the coefficients that satisfy k|(,i) >0,
i =iy, s determined by the reported elements of i, , |, are reported, where ¢ ; € {0,1,..., Npg —1} and
the remaining 2L — M, elements of i, ,, are not reported and are setto ¢;; =0.

- When subbandAmplitude is set to 'true’,

- For 1=1...,0,the elements of i, ,, and i,,, corresponding to the min(M,,K(z))—l strongest
coefficients (excluding the strongest coefficient indicated by i, 5, ), as determined by the corresponding
reported elements of i, , ,, are reported, where k,SZi) € {0,1} and ¢; €{0,1,..., Npg —1} - The values of

K@ are given in Table 5.2.2.2.3-4. The remaining 2L—min(MI : K(z)) elements of i, ,, are not

reported and are set to k|(]2i) =1. The elements of i1, corresponding to the M, — min(M| \ K(Z)) weakest

non-zero coefficients are reported, where ¢, ; < {0,1,2,3} . The remaining 2L — M, elements of i, , , are
not reported and are setto ¢,; =0.

@) _ @
1,x I(I

- When two elements, k) and kf};, of the reported elements of i, , , are identical (K'y =k} ), then

element min(x, y) is prioritized to be included in the set of the min(M, , K(Z))—l strongest coefficients

for i, , and i,,, (I=1...,0)reporting.

3GPP



Release 16 82 3GPP TS 38.214 V16.1.0 (2020-03)

The codebooks for 1-2 layers are given in Table 5.2.2.2.4-1, where the quantity . is given by

ejZ”Cl,l/NPSK

subbandAmplitude = ‘false’
el27ai/Nesc subbandAmplitude = 'true’ min(MI , K(Z’) strongest coefficients (including iy 5, ) with k' >0

el27i/*  syubbandAmplitude = true’, M, —min (M, , K(z)) weakest coefficients with k7 >0

1 subbandAmplitude = 'true’, 2L — M, coefficients with k(l) =
and v, isa Pgg).rs/2 -element column vector containing a value of 1 in element (mmod P, rs/2) and zeros
elsewhere (where the first element is element 0).

Table 5.2.2.2.4-1: Codebook for 1-layer and 2-layer CSI reporting using antenna ports 3000 to
2999+Pcsirs

Layers
v=1 w® -w!
- pl(l) p12) 11 b1, P1(1) p1) 11
1
— (2) 2
U_2 Vvi1,1vp1(1)»l)1) 11 s, pf 210 \/_|: b p, p? a1 \/vil,lvpgl)vpéz)viz.xzj'
L-1
1 Z iy jd+i pl ||¢||
where W o9 p® = —_— = | =1, 2,
i1 P i 2L-1 o -0 = W @
Z( i Ml ) V|11d+| pl i+L pl |+L¢| i+L
i=0 i=0

and the mappings from i; to iy, , p® ,and p&Y and fromi, t0 iy, ir;,, p{® ,and p§? areas described above,

including the ranges of the constituent indices of i; and i,.

5.2.2.25 Enhanced Type |l Codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports {3000, 3001, ..., 3007}, 12 antenna ports {3000, 3001, ...,
3011}, 16 antenna ports {3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports {3000,
3001, ..., 3031}, and UE configured with higher layer parameter codebookType set to ' typell-r16'

- The values of N; and N, are configured with the higher layer parameter n1-n2-codebookSubsetRestriction-r16.
The supported configurations of (N;, N,) for a given number of CSI-RS ports and the corresponding values of
(04,0,) are givenin Table 5.2.2.2.1-2. The number of CSI-RS ports, Pcsi_grs, IS 2N; N,.

- The values of L, g and p,, are determined by the higher layer parameter paramCombination-r16, where the
mapping is given in Table 5.2.2.2.5-1.

- The UE is not expected to be configured with paramCombination-r16 equal to
- 3,4,5,6,7,0r8when Pcg_rs = 4,
- 7or8when Pcgi_grs < 32
- 7 or 8 when higher layer parameter typell-RI-Restriction-r16 is configured with r; = 1 for any i > 1.
- 7or8whenR = 2.

- The parameter R is configured with the higher-layer parameter numberOfPMISubbandsPerCQISubband. This
parameter controls the total number of precoding matrices N5 indicated by the PMI as a function of the number
of subbands in csi-ReportingBand, the subband size configured by the higher-level parameter subbandSize and
of the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2, as follows:

- WhenR = 1:

- One precoding matrix is indicated by the PMI for each subband in csi-ReportingBand.
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- WhenR = 2:

For each subband in csi-ReportingBand that is not the first or last subband of a BWP, two precoding

3GPP TS 38.214 V16.1.0 (2020-03)

matrices are indicated by the PMI: the first precoding matrix corresponds to the first N5 /2 PRBs of the

subband and the second precoding matrix corresponds to the last N5gz /2 PRBs of the subband.
For each subband in csi-ReportingBand that is the first or last subband of a BWP

Np

start SB
- If (N335 mod Nigg) = -2

SB
first subband. If (N55%5 mod N3gg) < % two precoding matrices are indicated by the PMI

SB
corresponding to the first subband: the first precoding matrix corresponds to the first N”Zﬂ -

B
RE ' one precoding matrix is indicated by the PMI corresponding to the

(NSt mod N3E;) PRBs of the first subband and the second precoding matrix corresponds to the

WP,i
SB
last % PRBs of the first subband.

. SB
- I (NSEEE + Natze )mod Nk < NP% one precoding matrix is indicated by the PMI corresponding

SB
NpRrB
2

to the last subband. If (NS54%5 + N5&Ze Jmod Nk >

, two precoding matrices are indicated by

SB
the PMI corresponding to the last subband: the first precoding matrix corresponds to the first %

PRBs of the last subband and the second precoding matrix corresponds to the last
. SB
(NSERE + N§iZe Jmod NSE; — NP% PRBs of the last subband.

Table 5.2.2.2.5-1: Codebook parameter configurations for L, g and p,

paramCombination- L Py B
rié v € {1,2} v € {3,4}
1 2 Ya 1/8 Ya
2 2 Ya 1/8 ¥
3 4 Ya 1/8 Ya
4 4 Vs 1/8 Y2
5 4 Ya Ya Ya
6 4 3 Ya ¥
7 6 Ya - Y2
8 6 Ya - Ya

- The UE shall report the RI value v according to the configured higher layer parameter typell-RI-Restriction-ri16.

The UE shall not report v > 4.

The PMI value corresponds to the codebook indices of i, and i, where

[1 b2 bs lier 71 ligal
] [ G2 b5 lier f71 81 lez 72 liszl
h = [i1,1 li2 hs lie1r U171 lisr liez 172 lig2 U163 173 i1,8,3]
[i1,1 b bs lie1 li71 lsr luez 172 l1gy lies 73 liss 64 174
231 f241 l251]
i, = [1:2,3,1 1:2,4,1 1:2,5,1 1:2,3,2 1:2,4,2 1:2,5,2] ' ' '
[i231 241 U251 l232 U242 l252 U233 I243 I253]
231 l241 l251 l232 l242 l252 (233 l243 l253 {234 U244 l254]

The precoding matrices indicated by the PMI are determined from L + M,, vectors.

v=1

=2

=3

i1,8,4-] v=4
=1

2

v=3

v=4

L vectors, ”mgf’,mgi%i =0,1,..,L — 1, are indentified by the indices g4, q,, n, n,, indicated by i, 4, i; ,, obtained as in

5.2.2.2.3, where the values of C(x, y) are given in Table 5.2.2.2.5-4.
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M, = [pv %] vectors, [yo(’?,yf’;),. I “]  f=01,..,M, — 1, are identified by M;,;.;; (for N; > 19) and
nz; (I =1,..,v) where

Mitiar € {—2M, +1,-2M, + 2, ... ,0}
N3, = [ngol), ...,ng{\f”_l)
nd) € {01, ..., Ny — 1}
which are indicated by means of the indices i, 5 (for N; > 19) and iy ¢, (I = 1, ...,v), where

i1s € {0,1,...,2M, — 1}

Ny—1
{0,1,...,(3 )—1} N; <19

i1e1 € M, =1
L6l 2M, — 1
{0,1,...,<MU T, ) - 1} Ny > 19

The amplitude coefficient indicators i, 5; and i, ., are
ly31 = [k(l) kz(,11)]
2 (2)
l241 = [k - lMU—l]

Lo,f ™ 2L 1f]

kl(;)) €{1,..,15}
kD €0,...,7)
fori=1,..,v
The phase coefficient indicator i, 5 ; is
irs1 = [cr0 "-Cl,Mu—l]
Cr = [Cz,o,f Cl,2L—1,f]
cir €10,...,15}
fori=1,..,v

Let K, = [#2LM,]. The bitmap whose nonzero bits identify which coefficients in i, 4, and i, 5, are reported, is
indicated by i; ,,

iy, = [k(3) L k® ]

L,My—1

kD = kD, .k
[kl 0,f l ,2L-1,f

k®
kiir €101}

forl =1,..,v, such that K** = 251 ¥ Motk l(f)f < K, is the number of nonzero coefficients for layer = 1, ..., v and

KN =3yY KlNZ < 2K, is the total number of nonzero coefficients.
The indices of i, 4;, i, 5; and i, ;; are associated to the M, codebook indices in ns .

The mapping from k(l) to the amplitude coefficient p£ is given in Table 5.2.2.2.5-2 and the mapping from k( ) s to the
amplitude coefficient pl lf is given in Table 5.2.2.2.5-3. The amplitude coefficients are represented by
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p0=[ply »Yl

(2) [p(Z) ] pl(izv—l]

@) _ 1., ()
b = [pmf ‘Pror- 1f]

fori=1,..,v

Let f;7 € {0,1,..., M, — 1} be the index of i, 5, and i; € {0,1, ..., 2L — 1} be the index of k@ which identify the

strongest coefficient of layer [, i.e., the element kl(fz)fz Of iy4y, for I=1,...,v. The codebook indices of n3, are

remapped with respect to "301) as néfl) = (néfl) - n;fl’)) mod N3, such that ngfll) = 0, after remapping. The index f is
remapped with respect to fz as f = (f — f;")mod M,, such that the index of the strongest coefficient is fl* =0(=
, -, V), after remapping. The indices of i, ,,, i, 5, and i, ;, indicate amplitude coefficients, phase coefficients and

bitmap after remapping.

The strongest coefficient of layer [ is identified by i; g; € {0,1, ...,2L — 1}, which is obtained as follows

ii 5,3 _
lgr = {Z okrio = v=1
iy 1<v<4
forl=1,..,v
. : . ., (D (€]
Table 5.2.2.2.5-2: Mapping of elements of i, 3;: kz, to py,
1 (€] @ 1 @ (€] (€] (€]
kl,p pl,p kl,p pl P kl,p pl P kl,p pl,p
1/4 1/4 1/4
0 Reserved 4 (L) 8 (L) 12 (1)
2048 128 8
1 ! 5 1 9 ! 13 1
V128 2v/8 V8 V2
1/4 1/4 1/4 1/4
2 (L) 6 (L) 10 (i) 14 (1)
8192 512 32 2
1 1 1
3 — 7 — 11 — 15 1
8 4 2

The amplitude and phase coefficient indicators are reported as follows:

- kl(F—lJ =15, kl(f)o =7, k(3) =1and ¢, =0 (I =1,...,v). The indicators k(\ J kl(f)o and ¢, ; o are not
| L

reported forl =1, ...,v

- The indicator k(l)i* isreported forl =1, ..., v
i

A
7 +1) mod 2

- The KN? — y indicators k?, for which k&

Lif nip = L i# i, f # 0arereported.

- The KM — v indicators ¢;; ; for which kS =1,i# i, f # 0 are reported.

lLf

- The remaining 2L - M, - v — K" indicators k®

Lir are not reported.
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- The remaining 2L - M, - v — K" indicators c;; ; are not reported.

Table 5.2.2.2.5-3: Mapping of elements of i, 4;: kﬁ)f to pﬁ)f

@) @
kyiy Prif

1
0 J—
8v2

1 1

8

5 1
42

3 1

4

4 1
2V2

5 1

2

5 1
V2

7 1

The elements of n, and n, are found from i, , using the algorithm described in 5.2.2.2.3, where the values of C(x, y)
are given in Table 5.2.2.2.5-4.

For N3 > 19, Myp;1i4; is identified by iy s.

For all values of N3, n{;) = 0 for [ = 1, ...,v. The nonzero elements of ny, identified by n, ..., n"*", are found

fromi; ¢, (I =1,..,v),for N; <19,and fromi; ¢; (I =1, ...,v) and Myp;;i4;, for N3 > 19, using C(x,y) as defined
in Table 5.2.2.2.5-4 and the algorithm:

So=20
forf=1,..,M,—1
Find the largest x* € {M,, — 1 — f, ..., N; — 1 — f} in Table 5.2.2.2.5-4 such that
160 —Sf-1 2 Cx" M, —f)
ef = c(x', M, - f)
Sg = Sp_1 t e
if N3 <19
nd) =Ny —1-x
else
ngf) =2M,—1-x"

|f nl(f) < Minitial + ZMU -1
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N _ N
Nyp =Ny
else
nd) =n" + (v, —2M,)
end if
end if
Table 5.2.2.2.5-4: Combinatorial coefficients C(x,y)
y
1 2 3 4 5 6 7 8 9
X
0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0
2 2 1 0 0 0 0 0 0 0
3 3 3 1 0 0 0 0 0 0
4 4 6 4 1 0 0 0 0 0
5 5 10 10 5 1 0 0 0 0
6 6 15 20 15 6 1 0 0 0
7 7 21 35 35 21 7 1 0 0
8 8 28 56 70 56 28 8 1 0
9 9 36 84 126 126 84 36 9 1
10 10 45 120 210 252 210 120 45 10
11 11 55 165 330 462 462 330 165 55
12 12 66 220 495 792 924 792 495 220
13 13 78 286 715 1287 1716 1716 1287 715
14 14 91 364 1001 2002 4004 3432 3003 2002
15 15 105 455 1365 3003 5005 6435 6435 5005
16 16 120 560 1820 4368 8008 11440 12870 11440
17 17 136 680 2380 6188 12376 19448 24310 24310
18 18 153 816 3060 8568 18564 31824 43758 48620

When ng; and M;y,;¢i4; are known, iy s and iy, (I = 1, ...,v) are found as follows:

Table 5.2.2.2.5-4 and where the indices f = 1, ..., M,, — 1 are assigned such that ng’_? increases as f increases.

- If N3 <19,i;5 = 0andisnotreported. i; ¢, = Zj‘fg;l C (N3 -1- né{?,Mv - f), where C(x,y) is given in

- If N3 > 19, My 1S indicated by i, 5, which is reported and given by
Minitial Mipnitit = 0

i =
L5 {Minitial +2My,  Mipitiar <0

Only the nonzero indices ng? € IntS, where IntS = {(Mp;tiq + ) mod N3, i = 0,1, ...,2M,, — 1}, are reported,
where the indices f = 1, ..., M, — 1 are assigned such that ng{? increases as f increases. Let
. { nd) S < Mipieiea +2M, — 1

(
nd) — (N3 —2M,)) 1Y) > Migpiar + N; = 1

n

theniyq; = 2}2;1 c (ZMU -1- nl(f), M, — f), where C(x,y) is given in Table 5.2.2.2.5-4.
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The codebooks for 1-4 layers are given in Table 5.2.2.2.5-5, where mf), mg), fori=0,1,..,L —1,u, and v, , are

obtained as in clause 5.2.2.2.3, and the quantities ¢, ; - and y, are given by
.chl,i,f
Priy = e’ 16

— [, @ (My~—1)
yt,l - [yt,l yt,l yt,l ? ]

where t = {0,1, ..., N3 — 1}, is the index associated with the precoding matrix, [ = {1, ..., v}, and with

aenl)
v =e'

forf=0,1,..,M, —1.

Table 5.2.2.2.5-5: Codebook for 1-layer. 2-layer, 3-layer and 4-layer CSl reporting using antenna ports
3000 to 2999+Pcsi-rs

Layers
@ _ i
w @ () ; - ® @)
v=1 41,4212, N31,01 D1 250t 41,42 M1,M2,N3,1,01 D1 250t
1
2) 1 2
we =—[w W _
v=2 111.512.711.712.713,1.pgl),l’iz).iz,sa-ns,z-l’gl).l’gz)-iz,s,z.t \/E ql,qz,nl,nz,n3,1,p§1),p§2),12}5}1,t q1'q2'nlrnZrn3,Z'p§1)rp§2)'L2,5,2rt
W(3)
Lh.512'77-1'nz'713,1'179)'1752)'i2,5,1'na,z-Pgl)'pgz)-iz,s,z-ns,s'pgl).l’g,z)riz,s,a,f
v=3 1 1 2 3
=—|W . w . w ) ]
\/§|: lh'QZ'n1»"2:n3,1'Pgl)»p?)'lz,s,pt q1"12:n1:nz'n3,2:p§1)'p§2):12,5,2't ql.qz.nl.nzm,3.p§1).p§2),12,5,3,t
w®
‘hr‘h:nl'nz'n3,1rp§1)'p£2):i2,5,1'nz,z'Pgl)»pg)'iz,s,z:ns,s'pgl):p?)'iz,s,z:n3,4'p£1):p£2)'iz,5,4:t
v=4 1
== |wt WP ow? o ow o)
2[ ‘h"lz'n1rnz'n3,1'Pgl)»p?)'lz,s,pt 41:112'"1'nz:ns,z'Pgl)»pg)'lz,s,z't q1"12'nlrnz'n3,3:p§1)'p§2)'12,5,3't q1'q2'nlrnZrn3,4'p£1)rpz(}2)'L2,5,4rt
L-1 @ yMy-1 () (2)
120 Vi@ nOPLg g2y Yoo Prif®uif
1 1 mOm®Pro &r=0 Ye1 Prif
Where Wq aomainamap®PpPizst JNiNzvel | yL-1 D ¢vMy-1_ (). (2) I=1234,
1,42,M1,M2,N3,0; P 250 102V, Zi=0 Umii),mgi)pl,l Zf=0 yt,l pl,i+L,f(pl.i+L,f
2L-1 2 [My—1 2
— ® N,
Yti = Z <pl lLJ yt,l pl,i,f(pl,i,f
i=0 "LL f=0
and the mappings from i, to @ »M pMand p{, and from i, to i i i i
pping 11 10 41, 42, Ny, N, N3 1, N3 2, N33, N34, Py " P7 "1 P3 (20 12101351, 12521 12,53 2,54
2 2 2 2 - . - . . . . .
pi ), pé ), pg ) and pi ) are as described above, including the ranges of the constituent indices of i; and i,.

For coefficients with k(3)

1y = 0, amplitude and phase are set to zero, i.e., p{}. = 0 and 9. =0

Lif

The bitmap parameter typell-RI-Restriction-r16 forms the bit sequence 13, r,, 1y, 1y Where r is the LSB and ry is the
MSB. When r; is zero, i € {0,1, ...,3}, PMI and RI reporting are not allowed to correspond to any precoder associated
withv =i + 1 layers.

The bitmap parameter n1-n2 -codebookSubsetRestriction-r16 forms the bit sequence B = B; B, and configures the
vector group indices g as in clause 5.2.2.2.3. Bits b2t 0+ (2(Nix24x0) jicate the maximum allowed
average amplitude, y;,,, (p = 0,1), with i € {0,1, ..., L — 1}, of the coefficients associated with the vector in group g®
indexed by x;, x,, where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude
is restricted as follows

1 My-1,(3) [CYIN )] z
sMy=1, ) ngo kl,i+pL,f (pl,p pl,i+pL,f) = YitpL
f=0 “Li+pLf
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forl=1,..,v,and p = 0,1. A UE that does not report the parameter amplitudeSubsetRestriction="supported' in its
capability signaling is not expected to be configured with p*>V1¥2 XD+ p (k2Waxatx1)) _ g or 10,

Table 5.2.2.2.5-6: Maximum allowed average coefficient amplitudes for restricted vectors

Maximum
Bit Average
2 Maxa+x)+1)  (e2(N1xz+x1)) Coefficient
2 2 Amplitude
Yi+pL
00 0
01 1/4
10 1/2
11 1
5.2.2.2.6 Enhanced Type Il Port Selection Codebook

For 4 antenna ports {3000, 3001, ..., 3003}, 8 antenna ports {3000, 3001, ..., 3007}, 12 antenna ports {3000, 3001, ...,
3011}, 16 antenna ports {3000, 3001, ..., 3015}, 24 antenna ports {3000, 3001, ..., 3023}, and 32 antenna ports {3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to ' typell-PortSelection-r16 '

- The number of CSI-RS ports is configured as in Clause 5.2.2.2.4

- The value of d is configured with the higher layer parameter portSelectionSamplingSize-r16, where d €
{1,23,4}andd < L.

- Thevalues L, B and p, are configured as in Clause 5.2.2.2.5, where the supported configurations are given in
Table 5.2.2.2.6-1.

Table 5.2.2.2.6-1: Codebook parameter configurations for L, # andp,,

paramCombination- L Py B
rié v € {12} v € {3,4}
1 2 Ya 1/8 Ya
2 2 Ya 1/8 ¥
3 4 Ya 1/8 Ya
4 4 Vs 1/8 Y2
5 4 YVa Ya Ya
6 4 % Ya Y2

- The UE shall report the RI value v according to the configured higher layer parameter typell-PortSelectionRI-
Restriction-r16. The UE shall not report v > 4.

- The values of R is configured as in Clause 5.2.2.2.5.

The UE is also configured with the higher layer bitmap parameter typell-PortSelectionRI-Restriction-r16, which forms
the bit sequence r3, 1, 11, 19, Where 1, is the LSB and r5 is the MSB. When 1; is zero, i € {0,1, ..., 3}, PMI and RI
reporting are not allowed to correspond to any precoder associated with v = i + 1 layers.

The PMI value corresponds to the codebook indices i; and i, where
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([il,l 15 le1r U171 l1g1] v=1
o i1 Gs ler l71 lis1r ez 172 lis2] v=2
h = [i1 fus fier Gi71 lisr frez 172 sz l1e3  iizs  ligs) v=
[ia Gs ber G171 lusa ez b7z lisz lies  lys sz les 74 lig4] U=
([i2,3,1 i241 I251] v=1
i, = i[l:z,m 1:2,4,1 1:2,5,1 l:2,3,2 1:2,4,2 1:2,5,2] ' ' _ v=2
[i231 l241 251 I232 U242 l252 l233 I243 l253] v=3
[i231 f241 f251 232 l242 U252 {233 {243 l253 l234 U244 l254] v=4%

The 2L antenna ports are selected by the index i, ; as in clause 5.2.2.2.4.
Parameters N3, M,,, M,itia (for N3 > 19) and K, are defined as in clause 5.2.2.2.5.

For layer [, I = 1, ..., v, the strongest coefficient i, g ;, the amplitude coefficient indicators i, 5 ; and i, 4;, the phase
coefficient indicator i, 5 ; and the bitmap indicator i, ,, are defined and indicated as in clause 5.2.2.2.5, where the

mapping from kl(;) to the amplitude coefficient pl(,;) is given in Table 5.2.2.2.5-2 and the mapping from kl(f)f to the
amplitude coefficient pl(f)f is given inTable 5.2.2.2.5-3.

The number of nonzero coefficients for layer [, KN4, and the total number of nonzero coefficients KV are defined as in
Clause 5.2.2.2.5.

The amplitude coefficients pl(l) and pl(z) (I=1,..,v) are represented as in clause 5.2.2.2.5.
The amplitude and phase coefficient indicators are reported as in clause 5.2.2.2.5.
Codebook indicators i; s and iy 5; (I = 1, ...,v) are found as in clause 5.2.2.2.5.

The codebooks for 1-4 layers are given in Table 5.2.2.2.6-2, where v, is a Pqg;_gs/2 -element column vector
containing a value of 1 in element (m mod Pgs;_rs/2 ) and zeros elsewhere (where the first element is element 0), and
the quantities ¢, ; - and y,, are defined as in clause 5.2.2.2.5.

Table 5.2.2.2.6-2: Codebook for 1-layer. 2-layer, 3-layer and 4-layer CSl reporting using antenna ports
3000 to 2999+Pcsi-rs

Layers
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@ =w! @
. . - . 1 2) .
v=1 11,1.ng,l.pgl).piz).lz}s}l,f 11,1,M3,1,P1 /P1 251t
2) 1 1 2
w' =— [W, o @, W b @
v=2 11113100 0P i 51m3 200 0P k050t A2 L i1ame O pP st | inangapp st

w®
. 1 2) . 1 2) . 1 2) .
L1,1vn3,1-17§ ).pi )-12,5,1.n3,2-17§ ).p§ )-12,5,2-713,3'p§ )'P_S, )r12,5,3'f

L [Wl w? w3 ]
- . 1 . . 1 . . 1 .
V3L amasapPpPinsat  ianazps o iasat  ianaaps st

(C))

w 1 1 1 1
i1,1.n3,1,P§ ).piz),iz,s,yns,z.l’; ),p§2).iz,s,z,n3,3,p§ ).sz).iz,s,s.ns,mpi )rpiz);iz,5,4,t

1
==(w! v, W v, W v, W V@, ]
2 [ s 0O pPiss it  inamns s P issat  iians s s st inansaps p i s st

_ 1) vwMy—1 2
iL=o1 Vi1,1d+ipl(,o) Zf=0 }’t(,{)Pl(,i,)fQOI,i,f

D) gMy=1 (£ (2)

1
Where W' @@ -
120 Viy,a+iPL1 LpZo Yeo PrivnrPLivLf

1
. —_— 1=1,234
{1,030, P .lz,s,z.f1/N1N2}’t,l[ ]' e

My—1 2

n,, (@2
Z Yea Prif®uif
=0

and the mappings from i; t0 i; 1, n3 1, N3, N3 3, N34, pl(l), p§1>, pgl)and pf), and from i, t0 iy 51, i252, i253, i2,5.4s pl(z), péz),

p§2) and pf) are as described above, including the ranges of the constituent indices of i; and i,.

2L-1

= 35 (54)

i=0

For coefficients with k'>. = 0, amplitude and phase are set to zero, i.e., p@. = 0 and Pp =0

Lif Lif
5.2.2.3 Reference signal (CSI-RS)
52231 NZP CSI-RS

The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer
parameters CSI-ResourceConfig, and NZP-CSI-RS-ResourceSet. Each NZP CSI-RS resource set consists of K>1 NZP
CSI-RS resource(s).

The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are
configured via the higher layer parameter NZP-CSI-RS-Resource, CSI-ResourceConfig and NZP-CSI-RS-ResourceSet
for each CSI-RS resource configuration:

- nzp-CSI-RS-Resourceld determines CSI-RS resource configuration identity.

- periodicityAndOffset defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. All the
CSI-RS resources within one set are configured with the same periodicity, while the slot offset can be same or
different for different CSI-RS resources.

- resourceMapping defines the number of ports, CDM-type, and OFDM symbol and subcarrier occupancy of the
CSI-RS resource within a slot that are given in Clause 7.4.1.5 of [4, TS 38.211].

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

- density in resourceMapping defines CSI-RS frequency density of each CSI-RS port per PRB, and CSI-RS PRB
offset in case of the density value of 1/2, where the allowable values are given in Clause 7.4.1.5 of [4, TS
38.211]. For density 1/2, the odd/even PRB allocation indicated in density is with respect to the common
resource block grid.

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

- powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI
feedback and takes values in the range of [-8, 15] dB with 1 dB step size.

- powerControlOffsetSS: which is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE.
- scramblingID defines scrambling ID of CSI-RS with length of 10 bits.

3GPP



Release 16 92 3GPP TS 38.214 V16.1.0 (2020-03)

- BWP-Id in CSI-ResourceConfig defines which bandwidth part the configured CSI-RS is located in.

- repetition in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and defines whether UE can
assume the CSI-RS resources within the NZP CSI-RS Resource Set are transmitted with the same downlink
spatial domain transmission filter or not as described in Clause 5.1.6.1.2. and can be configured only when the
higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource
set is set to ‘cri-RSRP", ‘cri-SINR' or 'none'".

- qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the
TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH
block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the
same or different CC/DL BWP.

- trs-Info in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume
that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-
ResourceSet is the same as described in Clause 5.1.6.1.1 and can be configured when reporting setting is not
configured or when the higher layer parameter reportQuantity associated with all the reporting settings linked
with the CSI-RS resource set is set to 'none'.

All CSI-RS resources within one set are configured with same density and same nrofPorts, except for the NZP CSI-RS
resources used for interference measurement.

The UE expects that all the CSI-RS resources of a resource set are configured with the same starting RB and number of
RBs and the same cdm-type.

The bandwidth and initial common resource block (CRB) index of a CSI-RS resource within a BWP, as defined in
Clause 7.4.1.5 of [4, TS 38.211], are determined based on the higher layer parameters nrofRBs and startingRB,
respectively, within the CSI-FrequencyOccupation IE configured by the higher layer parameter freqBand within the
CSI-RS-ResourceMapping IE. Both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the

reference point for startingRB is CRB 0 on the common resource block grid. If startingRB < NSiZ5t, the UE shall

assume that the initial CRB index of the CSI-RS resource is Niyitiqr rp = NSieE, otherwise Nipiriq rp = StartingRB.
If nrofRBs > NSIZ& + NSEEE — Niniriar re» the UE shall assume that the bandwidth of the CSI-RS resource is
NEY ns = N§28 + NSLATE — Nipivias v Otherwise NEW_ .o = nrofRBs. In all cases, the UE shall expect that

NES{_gs = min (24, Ngii5).

5.2.2.4 Channel State Information — Interference Measurement (CSI-IM)

The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer
parameter CSI-IM-ResourceSet. Each CSI-IM resource set consists of K>1 CSI-IM resource(s).

The following parameters are configured via higher layer parameter CSI-IM-Resource for each CSI-IM resource
configuration:

- csi-IM-Resourceld determines CSI-IM resource configuration identity

- subcarrierLocation-p0 or subcarrierLocation-p1 defines subcarrier occupancy of the CSI-IM resource within a
slot for csi-IM-ResourceElementPattern set to ‘pattern0' or 'patternl’, respectively.

- symbolLocation-p0 or symbolLocation-p1 defines OFDM symbol location of the CSI-1M resource within a slot
for csi-IM-ResourceElementPattern set to 'pattern0' or 'patternl’, respectively.

- periodicityAndOffset defines the CSI-1M periodicity and slot offset for periodic/semi-persistent CSI-IM.
- fregBand includes parameters to enable configuration of frequency-occupancy of CSI-IM
In each of the PRBs configured by freqBand, the UE shall assume each CSI-IM resource is located in,

- resource elements (Kes; v+ lesioiv )s (Kesiim - lesiom +1)s (Kesiim +L Ics v ) and
(kesiim +L1esi_m +1), if csi-IM-ResourceElementPattern is set to ‘pattern0’,

- resource elements (kCSI—IM esizim )’ (kCSI—IM +1’ICSI—IM)1 (kCSI—IM +2’ICSI—IM) and (kc5|-nv| +3vICSI—IM)
if csi-IM-ResourceElementPattern is set to 'patternl’,
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where keg,_m @and leg,_, are the configured frequency-domain location and time-domain location, respectively, given
by the higher layer parameters in the above list.

5.2.25 CSI reference resource definition
The CSI reference resource for a serving cell is defined as follows:

- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CSI relates.

- In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single
downlink slot n-ncgi_rer,

2#DL

o J and u, and g, are the subcarrier spacing configurations for DL and UL, respectively

- where nz{n'-

- where for periodic and semi-persistent CSI reporting

- ifasingle CSI-RS/SSB resource is configured for channel measurement ncs;_rer is the smallest value
greater than or equal to 4 - 2"'PL, such that it corresponds to a valid downlink slot, or

- if multiple CSI-RS/SSB resources are configured for channel measurement ncsi_rer is the smallest value
greater than or equal to 5-2“ | such that it corresponds to a valid downlink slot.

- where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI
request, Ncsi_ref iS such that the reference resource is in the same valid downlink slot as the corresponding CSI
request, otherwise ncsi_ref is the smallest value greater than or equal to \_Z / Ngﬁ}d, such that slot n- ncsy_ref

corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Clause 5.4.

- when periodic or semi-persistent CSI-RS/CSI-IM or SSB is used for channel/interference measurements, the
UE is not expected to measure channel/interference on the CSI-RS/CSI-IM/SSB whose last OFDM symbol is
received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.

A slot in a serving cell shall be considered to be a valid downlink slot if:
- it comprises at least one higher layer configured downlink or flexible symbol, and
- it does not fall within a configured measurement gap for that UE

If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell,
CSI reporting is omitted for the serving cell in uplink slot n'.

After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a
CSlI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or
CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.

When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for
channel measurement and CSI-RS and/or CSI-1M occasion for interference measurement in DRX Active Time no later
than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and
if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer
parameter reportConfigType set to 'periodic’ when drx-onDurationTimer is not started, the UE shall report CSI during
the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in
Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-
IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX
active time or in DRX Active Time_no later than CSI reference resource and drops the report otherwise. When the UE is
configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-
RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic’ and
reportQuantity set to 'cri-RSRP' or 'ssh-Index-RSRP' when drx-onDurationTimer is not started, the UE shall report L1-
RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure
described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP" if receiving at least one CSI-RS transmission
occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time
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duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI
reference resource and drops the report otherwise.

When deriving CSI feedback, the UE is not expected that a NZP CSI -RS resource for channel measurement overlaps
with CSI-IM resource for interference measurement or NZP CSI -RS resource for interference measurement.

If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of
deriving the CQI index, and if also configured, for deriving PMI and RI:

The first 2 OFDM symbols are occupied by control signaling.

The number of PDSCH and DM-RS symbols is equal to 12.

The same bandwidth part subcarrier spacing configured as for the PDSCH reception

The bandwidth as configured for the corresponding CQI report.

The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception
No resource elements used by primary or secondary synchronization signals or PBCH.
Redundancy Version 0.

The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Clause 4.1.

Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.

Assume the same number of front loaded DM-RS symbols as the maximum front-loaded symbols configured by
the higher layer parameter maxLength in DMRS-DownlinkConfig.

Assume the same number of additional DM-RS symbols as the additional symbols configured by the higher
layer parameter dmrs-AdditionalPosition.

Assume the PDSCH symbols are not containing DM-RS.
Assume PRB bundling size of 2 PRBs.

The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed
with up to 8 transmission layers as defined in Clause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE
should assume that PDSCH signals on antenna ports in the set [1000,..., 1000+v-1] for v layers would result in
signals equivalent to corresponding symbols transmitted on antenna ports [3000,..., 3000+P-1], as given by

yGO0@) NERO)

y(3000+P—1)(i) x(v—l)(i)

where X(i) = [X(O) (i)...x(v_l) (i)]T is a vector of PDSCH symbols from the layer mapping defined in Clause 7.3.1.4

of [4, TS 38.211], P < [1,2,4,812,16,24,32] is the number of CSI-RS ports. If only one CSI-RS port is
configured, W(i) is 1. If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is
reported is set to either 'cri-RI-PMI-CQI' or ‘cri-RI-LI-PMI-CQI', W(i) is the precoding matrix corresponding to
the reported PMI applicable to x(i). If the higher layer parameter reportQuantity in CSI-ReportConfig for which
the CQI is reported is set to ‘cri-RI-CQI', W(i) is the precoding matrix corresponding to the procedure described
in Clause 5.2.1.4.2. If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is
reported is set to ‘cri-RI-i1-CQI', W(i) is the precoding matrix corresponding to the reported il according to the
procedure described in Clause 5.2.1.4.2.The corresponding PDSCH signals transmitted on antenna ports
[3000,...,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Clause 5.2.2.3.1.

5.2.3 CSl reporting using PUSCH

A UE shall perform aperiodic CSI reporting using PUSCH on serving cell ¢ upon successful decoding of a DCI format
0_1 or DCI format 0_2 which triggers an aperiodic CSI trigger state.
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When a DCI format 0_1 schedules two PUSCH allocations, the aperiodic CSI report is carried on the second scheduled
PUSCH. When a DCI format 0_1 schedules more than two PUSCH allocations, the aperiodic CSI report is carried on
the penultimate scheduled PUSCH.

An aperiodic CSI report carried on the PUSCH supports wideband, and sub-band frequency granularities. An aperiodic
CSlI report carried on the PUSCH supports Type I, Type Il and Enhanced Type Il CSI.

A UE shall perform semi-persistent CSI reporting on the PUSCH upon successful decoding of a DCI format 0_1 or DCI
format 0_2 which activates a semi-persistent CSI trigger state. DCI format 0_1 and DCI format 0_2 contains a CSI
request field which indicates the semi-persistent CSI trigger state to activate or deactivate. Semi-persistent CSI
reporting on the PUSCH supports Type I, Type Il with wideband, and sub-band frequency granularities and Enhanced
Type Il CSI. The PUSCH resources and MCS shall be allocated semi-persistently by an uplink DCI.

CSlI reporting on PUSCH can be multiplexed with uplink data on PUSCH. CSI reporting on PUSCH can also be
performed without any multiplexing with uplink data from the UE.

Type | CSI feedback is supported for CSI Reporting on PUSCH. Type | wideband and sub-band CSlI is supported for
CSI Reporting on the PUSCH. Type I CSl is supported for CSI Reporting on the PUSCH.

For Type I, Type Il and Enhanced Type Il CSI feedback on PUSCH, a CSI report comprises of two parts. Part 1 has a
fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its
entirety before Part 2.

- For Type | CSI feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword (if
reported). Part 2 contains PMI (if reported) and contains the CQI for the second codeword (if reported) when RI
(if reported) is larger than 4.

- For Type Il CSI feedback, Part 1 contains RI (if reported), CQI, and an indication of the number of non-zero
wideband amplitude coefficients per layer for the Type Il CSI (see Clause 5.2.2.2.3). The fields of Part 1 — RI (if
reported), CQI, and the indication of the number of non-zero wideband amplitude coefficients for each layer —
are separately encoded. Part 2 contains the PMI of the Type Il CSI. Part 1 and 2 are separately encoded.

- For Enhanced Type Il CSI feedback, Part 1 contains RI, CQI, and an indication of the overall number of non-
zero amplitude coefficients across layers for the Enhanced Type 11 CSI (see Clause 5.2.2.2.5). The fields of Part
1 —RI, CQI, and the indication of the overall number of non-zero amplitude coefficients across layers — are
separately encoded. Part 2 contains the PMI of the Enhanced Type Il CSI. Part 1 and 2 are separately encoded.

A Type Il CSI report that is carried on the PUSCH shall be computed independently from any Type 11 CSI report that is
carried on the PUCCH formats 3 or 4 (see Clause 5.2.4 and 5.2.2).

When the higher layer parameter reportQuantity is configured with one of the values ‘cri-RSRP" or 'ssh-Index-RSRP",
the CSI feedback consists of a single part.

For both Type | and Type Il reports configured for PUCCH but transmitted on PUSCH, the determination of the
payload for CSI part 1 and CSI part 2 follows that of PUCCH as described in Clause 5.2.4.

When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2
CSl is according to the priority order shown in Table 5.2.3-1, where Neep is the number of CSI reports configured to be

carried on the PUSCH. Priority O is the highest priority and priority 2Ngep is the lowest priority and the CSI report n
corresponds to the CSI report with the nth smallest Pri; csi(y,k,c,S) value among the Nge, CSI reports as defined in

Clause 5.2.5. The subbands for a given CSI report n indicated by the higher layer parameter csi-ReportingBand are
numbered continuously in increasing order with the lowest subband of csi-ReportingBand as subband 0. When omitting
Part 2 CSI information for a particular priority level, the UE shall omit all of the information at that priority level.

- For Enhanced Type Il reports, for a given CSI report n, each reported element of indices i, 4, i,5;and i; ;,,
indexed by [, i and f, is associated with a priority value Pri(l,i,f) =2 -L-v-n(f) + v i+ [, withn(f) =
min (2 nY?,2- (N3 = n{)) = D with 1 = 1,2, ..,v,i =0,1,..,2L — 1, and f = 0,1, ..., M, — 1, and where
ng’? is defined in Clause 5.2.2.2.5. The element with the highest priority has the lowest associated value

Pri(l, i, f). Omission of Part 2 CSl is according to the priority order shown in Table 5.2.3-1, where

- Group 0 includes indices iy 4, iy, and iy g; (I = 1, ...,v).
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- Group 1 includes indices i, 5 (if reported), i, ¢;, the v2LM, — |K"% /2] highest priority elements of i, , ;,
ip3;, the [KN%/2] — v highest priority elements of i, ,; and the [K"?/2] — v highest priority elements of
i2,5,l (l = 1, ...,U).

- Group 2 includes the |KV# /2] lowest priority elements of i, ,;, the [K"# /2| lowest priority elements of i, ,;
and the [K"% /2] lowest priority elements of i, s, (I = 1, ...,v).

Table 5.2.3-1: Priority reporting levels for Part 2 CSI

Priority 0:

For CSI reports 1 to Ng,,, Group 0 CSI for CSI reports
configured as 'typell-rl6' or 'typell-PortSelection-r16'; Part 2
wideband CSI for CSI reports configured otherwise

Priority 1:

Group 1 CSI for CSI report 1, if configured as 'typell-r16' or
‘typell-PortSelection-r16'; Part 2 subband CSI of even
subbands for CSI report 1, if configured otherwise

Priority 2:

Group 2 CSI for CSl report 1, if configured as 'typell-r16' or
'typell-PortSelection-r16'; Part 2 subband CSI of odd
subbands for CSI report 1, if configured otherwise

Priority 3:

Group 1 CSlI for CSl report 2, if configured as 'typell-r16' or
'typell-PortSelection-r16'; Part 2 subband CSI of even
subbands for CSI report 2, if configured otherwise

Priority 4:

Group 2 CSlI for CSl report 2, if configured as 'typell-r16' or
‘typell-PortSelection-r16'. Part 2 subband CSI of odd
subbands for CSI report 2, if configured otherwise

Priority 2Ng,,, — 1:

Group 1 CSlI for CSI report Ng,,,, if configured as 'typell-r16'
or 'typell-PortSelection-r16'; Part 2 subband CSI of even
subbands for CSI report Ng.,,, if configured otherwise

Priority 2Nge,:

Group 2 CSlI for CSI report Ng,,, if configured as 'typell-r16'
or 'typell-PortSelection-r16'; Part 2 subband CSI of odd
subbands for CSI report N, if configured otherwise

When the UE is scheduled to transmit a transport block on PUSCH multiplexed with a CSI report(s), Part 2 CSl is
. NE i —1 CoLsen-1 .
omitted only when (OCS|>2+LCS|_2)_IBO%§H. Z Mum(l)/ Z Kw is larger than
1=0

sc
r=0
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1=0

NEmoan —1
(“‘ > M (l)w Qi —Qcsi1 » Where parameters Ocg,, Log, 0 f3 oF;'fLiitCH NsF;LaniCa“ Msléu(l)v CuLscnr Ki
Q'csi1s Q'ack and « are defined in Clause 6.3.2.4 of [5, TS 38.212].

Part 2 CSl is omitted level by level, beginning with the lowest priority level until the lowest priority level is reached

N:U%Can -1 UL_SCH
which causes the lr(ocsm T Leg)- OF;ZZCH z MY (1 / Z 1% to be less than or equal to

r=0

1=0

(0" SYE UCI (I)—‘ Q;ACK _Q'csu'

When part 2 CSl is transmitted on PUSCH with no transport block, lower priority bits are omitted until Part 2 CSI code
rate, which is given by (0.2 + Lesia) /(Ny, - Q'esiz - Q,,) Where Ocgp 2, Lesi 2 Ny Q'csi20 @, are given in clause
6.3.2.4 of [5, 38.212] before HARQ-ACK puncturing part 2 CSI if any, is below a threshold code rate ¢, lower than
one, where

R
G = IBCSI—partZ

offset

CSl —part2.

offet IS the CSI offset value from Table 9.3-2 of [6, TS 38.213]

- Rissignaled code rate in DCI

If the UE is in an active semi-persistent CSI reporting configuration on PUSCH, the CSI reporting is deactivated when
either the downlink BWP or the uplink BWP is changed. Another activation command is required to enable the semi-
persistent CSI reporting.

5.2.4 CSl reporting using PUCCH

A UE is semi-statically configured by higher layers to perform periodic CSI Reporting on the PUCCH. A UE can be
configured by higher layers for multiple periodic CSI Reports corresponding to multiple higher layer configured CSI
Reporting Settings, where the associated CSI Resource Settings are higher layer configured. Periodic CSI reporting on
PUCCH formats 2, 3, 4 supports Type | CSI with wideband granularity.

A UE shall perform semi-persistent CSI reporting on the PUCCH applied starting from the first slot that is after slot n +
3NSUPITamel \yhen the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the

slot

PDSCH carrying the activation command described in clause 6.1.3.16 of [10, TS 38.321] where y is the SCS
configuration for the PUCCH. The activation command will contain one or more Reporting Settings where the
associated CSI Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type | CSI.
Semi-persistent CSI reporting on the PUCCH format 2 supports Type | CSI with wideband frequency granularity. Semi-
persistent CSI reporting on PUCCH formats 3 or 4 supports Type | CSI with wideband and sub-band frequency
granularities and Type Il CSI Part 1.

When the PUCCH carry Type | CSI with wideband frequency granularity, the CSI payload carried by the PUCCH
format 2 and PUCCH formats 3, or 4 are identical and the same irrespective of RI (if reported), CRI (if reported). For
type | CSI sub-band reporting on PUCCH formats 3, or 4, the payload is split into two parts. The first part contains RI
(if reported), CRI (if reported), CQI for the first codeword. The second part contains PMI and contains the CQI for the
second codeword when RI > 4.

A semi-persistent report carried on the PUCCH formats 3 or 4 supports Type Il CSI feedback, but only Part 1 of Type Il
CSlI feedback (See Clause 5.2.2 and 5.2.3). Supporting Type Il CSI reporting on the PUCCH formats 3 or 4 is a UE
capability type2-SP-CSI-Feedback-LongPUCCH. A Type Il CSI report (Part 1 only) carried on PUCCH formats 3 or 4
shall be calculated independently of any Type Il CSI reports carried on the PUSCH (see Clause 5.2.3).

When the UE is configured with CSI Reporting on PUCCH formats 2, 3 or 4, each PUCCH resource is configured for
each candidate UL BWP.
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If the UE is in an active semi-persistent CSI reporting configuration on PUCCH and has not received a deactivation
command, the CSI reporting takes place when the BWP in which the reporting is configured to take place is the active
BWP, otherwise the CSI reporting is suspended.

A UE is not expected to report CSI with a total number of UCI bits and CRC bits larger than 115 bits when configured
with PUCCH format 4. For CSI reports transmitted on a PUCCH, if all CSI reports consist of one part, the UE may omit
a portion of CSI reports. Omission of CSlI is according to the priority order determined from the Priicsi(y,k,c,s) value as
defined in Clause 5.2.5. CSl report is omitted beginning with the lowest priority level until the CSI report code rate is
less or equal to the one configured by the higher layer parameter maxCodeRate.

If any of the CSI reports consist of two parts, the UE may omit a portion of Part 2 CSI. Omission of Part 2 CSl is
according to the priority order shown in Table 5.2.3-1. Part 2 CSlI is omitted beginning with the lowest priority level
until the Part 2 CSI code rate is less or equal to the one configured by higher layer parameter maxCodeRate.

5.2.5 Priority rules for CSI reports

CSI reports are associated with a priority value Pri;cs; (¥, k,¢,5) =2+ Negyys * Mg * Y + Negyys Mg -k + Mg c + s
where

- y=0 for aperiodic CSI reports to be carried on PUSCH y =1 for semi-persistent CSI reports to be carried on
PUSCH, y=2 for semi-persistent CSI reports to be carried on PUCCH and y =3 for periodic CSI reports to be
carried on PUCCH,;

- k=0 for CSI reports carrying L1-RSRP or L1-SINR and k =1 for CSI reports not carrying L1-RSRP or L1-
SINR;

- cisthe serving cell index and N is the value of the higher layer parameter maxNrofServingCells;

- sisthe reportConfiglD and M is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.

A first CSI report is said to have priority over second CSI report if the associated PriiCSI (y, k,c, S) value is lower for the
first report than for the second report.

Two CSl reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports
overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two
colliding CSI reports,

- if y values are different between the two CSI reports, the following rules apply except for the case when one of
the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Clause 5.2.3;
for CSI reports transmitted on PUCCH, as described in Clause 5.2.4):

- The CSI report with higher Prije (y, k,c, S) value shall not be sent by the UE.

- otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in
Clause 9.2.5.2 in [6, TS 38.213].

If a semi-persistent CSI report to be carried on PUSCH overlaps in time with PUSCH data transmission in one or more
symbols on the same carrier, and if the earliest symbol of these PUSCH channels starts no earlier than Na+d,1 symbols
after the last symbol of the DCI scheduling the PUSCH where d2 1 is the maximum of the d 1 associated with the
PUSCH carrying semi-persistent CSI report and the PUSCH with data transmission, the CSI report shall not be
transmitted by the UE. Otherwise, if the timeline requirement is not satisfied this is an error case.

If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an
UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does
not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH
transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the
first or second PUSCH transmissions is in response to a DCI format detection by the UE.
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5.3

UE PDSCH processing procedure time

If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-
ACK timing K; and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than
at symbol L1, where L; is defined as the next uplink symbol with its CP starting after

T .= (N, +d;;)(2048+144)- k27" -T_ after the end of the last symbol of the PDSCH carrying the TB being
acknowledged, then the UE shall provide a valid HARQ-ACK message.

N; is based on p of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where p
corresponds to the one of (Mepcch, Meosch, Hul) resulting with the largest Tproc,1, Where the Ppoccn corresponds to
the subcarrier spacing of the PDCCH scheduling the PDSCH, the pppscr corresponds to the subcarrier spacing of
the scheduled PDSCH, and pu corresponds to the subcarrier spacing of the uplink channel with which the
HARQ-ACK is to be transmitted, and « is defined in clause 4.1 of [4, TS 38.211].

If the PDSCH DM-RS position I, for the additional DM-RS in Table 7.4.1.1.2-3 in clause 7.4.1.1.2 of [4, TS
38.211] is l; = 12 then N10=14 in Table 5.3-1, otherwise N1,0=13.

If the UE is configured with multiple active component carriers, the first uplink symbol which carries the
HARQ-ACK information further includes the effect of timing difference between the component carriers as
givenin[11, TS 38.133].

For the PDSCH mapping type A as given in clause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is on
the i-th symbol of the slot where i < 7, then d11= 7 - i, otherwise d11 =0

For UE processing capability 1: If the PDSCH is mapping type B as given in clause 7.4.1.1 of [4, TS 38.211],
and

- if the number of PDSCH symbols allocated is L > 7, then d11 = 0,
- if the number of PDSCH symbols allocated is L >4 and L <6, then d1,1 = 7- L.

- if the number of PDSCH symbols allocated is L = 3 then di,; = 3 + min (d,1), where d is the number of
overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

- if the number of PDSCH symbols allocated is 2, then d1; = 3+d, where d is the number of overlapping
symbols of the scheduling PDCCH and the scheduled PDSCH.

For UE processing capability 2: If the PDSCH is mapping type B as given in clause 7.4.1.1 of [4, TS 38.211],
- if the number of PDSCH symbols allocated is L > 7, then d11 = 0,

- if the number of PDSCH symbols allocated is L > 3 and L < 6, then d1 1 is the number of overlapping symbols
of the scheduling PDCCH and the scheduled PDSCH,

- if the number of PDSCH symbols allocated is 2,

- if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same
starting symbol, then d11 = 3,

- otherwise di 1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled
PDSCH.

For UE processing capability 2 with scheduling limitation when pepsch = 1, if the scheduled RB allocation
exceeds 136 RBs, the UE defaults to capability 1 processing time. The UE may skip decoding a humber of
PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability
2, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1
processing time.

For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
is applied if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for
the cell and set to enable.
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- If this PUCCH resource is overlapping with another PUCCH or PUSCH resource, then HARQ-ACK is
multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the HARQ-ACK message is
transmitted on PUCCH.

Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tproc1 IS
used both in the case of normal and extended cyclic prefix.

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1

PDSCH decoding time N1 [symbols]
dmrs-AdditionalPosition = pos0in dmrs-AdditionalPosition # pos0 in
DMRS-DownlinkConfig in both of DMRS-DownlinkConfig in either of
7, dmrs-DownlinkForPDSCH- dmrs-DownlinkForPDSCH-
MappingTypeA, dmrs- MappingTypeA, dmrs-
DownlinkForPDSCH-MappingTypeB DownlinkForPDSCH-MappingTypeB
or if the higher layer parameter is not
configured
0 8 N1,
1 10 13
2 17 20
3 20 24

Table 5.3-2: PDSCH processing time for PDSCH processing capability 2

PDSCH decoding time N1 [symbols]
7 dmrs-AdditionalPosition = pos0 in

DMRS-DownlinkConfig in both of
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

0 3
1 4.5
2 9 for frequency range 1

5.3.1  Application delay of the minimum scheduling offset restriction

When the UE is scheduled with DCI format 0_1 or 1_1 with a ['Minimum applicable scheduling offset indicator'] field,
it shall determine the Komin and Kamin Values to be applied, while the previously applied Komin and Kamin Values are
applied until the new values take effect after application delay. Change of applied minimum scheduling offset
restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not
expect to be scheduled with DCI format 0_1 or 1_1 with ['Minimum applicable scheduling offset indicator"] field
indicating another change to the applied KOmin or K2min for the same active BWP before slot n+X of the scheduling
cell.

When the DCI format 0_1 or 1_1 with ['Minimum applicable scheduling offset indicator'] field indicating a change to

the applied Komin Or Komin is contained within the first three symbols of the slot, the value of application delay X is
determined by, X = max ([Kommmd %] ,Zu) where Kominoid is the currently applied Komin value of the active DL
BWP in the scheduled cell, and Z,, is determined by the subcarrier spacing of the active DL BWP in the scheduling cell,
and given in Table 5.3.1-1 and pepccH and Uepsch are the sub-carrier spacing configurations for PDCCH and PDSCH,

respectively

When the DCI format 0_1 or 1_1 with ['Minimum applicable scheduling offset indicator'] field is received outside the
first [three] symbols of the slot, value of Z,, from Table 5.3.1-1 is incremented by one before determining the application
delay X.

Table 5.3.1-1: Definition of Z,

Zy
1

WIN|R (O

1
2
2
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54 UE CSI computation time

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide a valid CSI report for the
n-th triggered report,

- if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance,
starts no earlier than at symbol Z , and

- if the first uplink symbol to carry the n-th CSlI report including the effect of the timing advance, starts no earlier
than at symbol Z're¢(n),

s = (£)(2048+144) - k27" -T_ after the end
of the last symbol of the PDCCH triggering the CSI report(s), and where Z'«(n), is defined as the next uplink symbol
with its CP starting T ., = (£ )(2048+144) - 52" -T_after the end of the last symbol in time of the latest of:

aperiodic CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and
aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for the
n-th triggered CSI report.

where Zrs is defined as the next uplink symbol with its CP starting T

If the PUSCH indicated by the DCI is overlapping with another PUCCH or PUSCH, then the CSI report(s) are
multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213] and clause 5.2.5 when applicable, otherwise the
CSI report(s) are transmitted on the PUSCH indicated by the DCI.

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the
corresponding CSI report(s) including the effect of the timing advance, starts earlier than at symbol Zyes,

- the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH.

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the n-th CSI
report including the effect of the timing advance, starts earlier than at symbol Z'r(n),

- the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport
block is multiplexed on the PUSCH

- Otherwise, the UE is not required to update the CSI for the n-th triggered CSI report.
Z, Z' and p are defined as:

Z= max (Z (m)) and Z' = (Z (m)), where M is the number of updated CSI report(s) according to
m= m=0
Clause 5.2. 1 6 (Z(m),Z'(m)) corresponds to the m-th updated CSI report and is defined as

- (Z,,Z)) of the table 5.4-1 if the CSl is triggered without a PUSCH with either transport block or HARQ-ACK or
both when L = 0 CPUs are occupied (according to Clause 5.2.1.6) and the CSI to be transmitted is a single CSI
and corresponds to wideband frequency-granularity where the CSI corresponds 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'’, or

- (Z,,Z)) of the table 5.4-2 if the CSI to be transmitted corresponds to wideband frequency-granularity where the
CSI corresponds 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', or

- (Z,,Z)) of the table 5.4-2 if the CSI to be transmitted corresponds to wideband frequency-granularity where the
reportQuantity is set to 'ssb-Index-SINR', or reportQuantity is set to ‘cri-SINR', or

- (Z3,Z3) of the table 5.4-2 if reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP', where X is according to
UE reported capability beamReportTiming and KB; is according to UE reported capability beamSwitchTiming as
defined in [13, TS 38.306], or

- (Z,,Z3) of table 5.4-2 otherwise.

- poftable 5.4-1 and table 5.4-2 corresponds to the min (UpoccH, Kesi-rs, Mut) Where the pppccn corresponds to the
subcarrier spacing of the PDCCH with which the DCI was transmitted and . corresponds to the subcarrier
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spacing of the PUSCH with which the CSI report is to be transmitted and picsi-rs corresponds to the minimum
subcarrier spacing of the aperiodic CSI-RS triggered by the DCI

Table 5.4-1: CSI computation delay requirement 1

Z1 [symbols]

H Z1 Z1
0 10 8
1 13 11
2 25 21
3 43 36

Table 5.4-2: CSI computation delay requirement 2

7 Z1 [symbols] Z> [symbols] Z3 [symbols]

Z1 Z'1 Z> Z' Z3 Z'3
0 22 16 40 37 22 Xo
1 33 30 72 69 33 X1
2 44 42 141 140 min(44, X2+ KB1) X2
3 97 85 152 140 min(97, Xs+ KB>) X3

5.5 UE PDSCH reception preparation time with cross carrier
scheduling with different subcarrier spacings for PDCCH
and PDSCH

This clause applies only if the PDCCH carrying the scheduling DCI is received on one carrier with one OFDM
subcarrier spacing, and the PDSCH scheduled to be received by the DCI is on another carrier with another OFDM
subcarrier spacing.

If the WppceH < Mepsch, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH
allocation, including the DM-RS, as defined by the slot offset Ko and the start and length indicator SLIV of the
scheduling DCI starts no earlier than the first symbol of the PDSCH slot starting at least Npgseh PDCCH symbols after
the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing difference between
the scheduling cell and the scheduled cell.

If the WpoccH > Mepsch, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH
allocation, including the DM-RS, as defined by the slot offset Ko and the start and length indicator SLIV of the
scheduling DCI starts no earlier than Nygsch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not
taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.

Table 5.5-1: Npasch as a function of the subcarrier spacing of the scheduling PDCCH

MppccH Npdsch [Symbols]
0 4
1 5
2 10
3 14
6 Physical uplink shared channel related procedure

6.1 UE procedure for transmitting the physical uplink shared
channel

PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a
configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to
operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant
without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently
scheduled by an UL grant in a valid activation DCI according to Clause 10.2 of [6, TS 38.213] after the reception of
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higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If Configuredgrantconfig-
ToAddModList-r16 is configured, more than one configured grant configuration of configured grant Type 1 and/or
configured grant Type 2 may be active at the same time on an active BWP of a serving cell.

For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI
format 0_0 or 0_1, the parameters applied for the transmission are provided by configuredGrantConfig except for
dataScramblingldentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided
by pusch-Config. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format
0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for
dataScramblingldentityPUSCH, txConfig, codebookSubset-ForDCIFormat0 2, maxRank-ForDCIFormat( 2, scaling
of UCI-OnPUSCH, ResourceAllocationTypel-granularity-ForDCIFormat0_2 provided by pusch-Config. If the UE is
provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if
provided in pusch-Config, according to the procedure described in Clause 6.1.4 for the PUSCH transmission
corresponding to a configured grant.

For the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters
in pusch-Config are applied for the PUSCH transmission except for p0-NominalWithoutGrant, p0-PUSCH-Alpha,
powerControlLoopToUse, pathlossReferencelndex described in Clause 7.1 of [6, TS 38.213], mcs-Table, mcs-

TableTransformPrecoder described in Clause 6.1.4.1 and transformPrecoder described in Clause 6.1.3.

For a UE configured with two uplinks in a serving cell, PUSCH retransmission for a TB on the serving cell is not expected
to be on a different uplink than the uplink used for the PUSCH initial transmission of that TB.

A UE shall upon detection of a PDCCH with a configured DCI format 0_0, 0_1 or 0_2 transmit the corresponding PUSCH
as indicated by that DCI. Upon detection of a DCI format 0_1 or 0_2 with "UL-SCH indicator" set to "0" and with a non-
zero "CSl request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered
by "CSI request™ in this DCI format 0_1 or 0_2, the UE ignores all fields in this DCI except the "CSI request"” and the UE
shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. When the UE is scheduled with
multiple PUSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH, as described in clause
6.1.2.1, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo
16 operation applied. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH
that overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is
scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected
to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than
symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled
by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH
for that HARQ process.

If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of
CORESETPoollIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-
overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of
CORESETPoolIndex, for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first
PUSCH transmission starting in symbol j by a PDCCH associated with a value of CORESETpoollndex ending in
symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH
associated with a different value of CORESETpoolIndex that ends later than symbol i.

A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell
overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant
according to [10, TS38.321], starting in a symbol j on the same serving cell if the end of symbol i is not at least N,
symbols before the beginning of symbol j. The value N, in symbols is determined according to the UE processing
capability defined in Clause 6.4, and N, and the symbol duration are based on the minimum of the subcarrier spacing
corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.

If a UE receives an ACK for a given HARQ process in CG-DFI in a PDCCH ending in symbol i to terminate a transport
block repetition in a PUSCH transmission on a given serving cell with the same HARQ process after symbol i, the UE
is expected to terminate the repetition of the transport block in a PUSCH transmission starting from a symbol j if the
gap between the end of PDCCH of symbol i and the start of the PUSCH transmission in symbol j is equal to or more
than N2 symbols. The value N2 in symbols is determined according to the UE processing capability defined in Clause
6.4, and N2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH
and the subcarrier spacing of the PDCCH indicating CG-DFI.
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[If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a
PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,

- If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high
priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator]
field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI,
the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH
transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the
configured grant.

- Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting
M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit
the PUSCH scheduled by the PDCCH, where

- M = Tyroc2 +d1, Where Tproc 2 iS given by clause 6.4 for the corresponding PUSCH timing capability assuming
dz1 =0 and d; is determined by the reported UE capability [XXXXX],

- Inthis case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts
earlier than N symbols after the end of the last symbol of the PDCCH, where

- N = Tproc2 + da, Where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH
using the associated PUSCH timing capability according to clause 6.4 and d; is determined by the
reported UE capability [YYYYY].

- In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.

- The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier
than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the
cancelled PUSCH.]

A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell for
a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with
configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a
symbol j after symbol i, and if the gap between the end of PDCCH and the beginning of symbol j is less than N,
symbols. The value N, in symbols is determined according to the UE processing capability defined in Clause 6.4, and
N, and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with
configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.

For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if
applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell,
as described in Clause 9.2.1 of [6, TS 38.213].

For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter
enableDefaultBeamPIForPUSCHO_O0 is set 'enabled’, the UE is not configured with PUCCH resources on the active UL
BWP and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if
applicable, with a reference to the RS with 'QCL-Type-D' corresponding to the QCL assumption of the CORESET with
the lowest ID.

For PUSCH scheduled by DCI format 0_0 on a cell and if the higher layer parameter
enableDefaultBeamPIForPUSCHO_O0 is set 'enabled’, the UE is configured with PUCCH resources on the active UL
BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected
mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS with
'QCL-Type-D' corresponding to the QCL assumption of the CORESET with the lowest ID in case CORESET(s) are
configured on the CC.

For uplink, 16 HARQ processes per cell is supported by the UE.

6.1.1 Transmission schemes

Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based
transmission. The UE is configured with codebook based transmission when the higher layer parameter txConfig in
pusch-Config is set to ‘codebook’, the UE is configured non-codebook based transmission when the higher layer
parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the UE is not
expected to be scheduled by DCI format 0_1 or 0_2. If PUSCH is scheduled by DCI format 0_0, the PUSCH
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transmission is based on a single antenna port. Except if the higher layer parameter
enableDefaultBeamPIForPUSCHO_0 is set 'enabled’, the UE shall not expect PUSCH scheduled by DCI format 0_0 in
a BWP without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2 in RRC connected
mode.

6.1.1.1 Codebook based UL transmission

For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1, DCI format 0_2 or
semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, DCI
format 0_2, or semi-statically configured to operate according to Clause 6.1.2.3, the UE determines its PUSCH
transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank
are given by DCI fields of SRS resource indicator and Precoding information and number of layers in clause 7.3.1.1.2
and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2 or given by srs-Resourcelndicator and
precodingAndNumberOfLayers according to clause 6.1.2.3. The SRS-ResourceSet(s) applicable for PUSCH scheduled
by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-
ResourceSetToAddModList and srs-ResourceSetToAddModList-ForDCIFormat0_2 in SRS-config, respectively. The
TPMI is used to indicate the precoder to be applied over the layers {0...v-1} and that corresponds to the SRS resource
selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used
to indicate the precoder to be applied over the layers {0...v-1} and that corresponds to the SRS resource. The
transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer
parameter nrofSRS-Ports in SRS-Config, as defined in Clause 6.3.1.5 of [4, TS 38.211]. When the UE is configured
with the higher layer parameter txConfig set to ‘codebook’, the UE is configured with at least one SRS resource. The
indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the
SRS resource is prior to the PDCCH carrying the SRI.

For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of
higher layer parameter codebookSubset in pusch-Config for PUSCH associated with DCI format 0_1 and
codebookSubset-ForDCIFormat0_2 in pusch-Config for PUSCH associated with DCI format 0_2 which may be
configured with "fullyAndPartialAndNonCoherent’, or 'partialAndNonCoherent’, or ‘'nonCoherent’ depending on the UE
capability. The maximum transmission rank may be configured by the higher layer parameter maxRank in pusch-Config
for PUSCH scheduled with DCI format 0_1 and maxRank-ForDCIFormat0_2 for PUSCH scheduled with DCI format
0_2.

A UE reporting its UE capability of 'partial AndNonCoherent' transmission shall not expect to be configured by either
codebookSubset or codebookSubset-ForDCIFormat0_2 with "fullyAndPartial AndNonCoherent'.

A UE reporting its UE capability of 'nonCoherent' transmission shall not expect to be configured by either
codebookSubset or codebookSubset-ForDCIFormat0_2 with ‘fullyAndPartial AndNonCoherent' or with
'partialAndNonCoherent'.

A UE shall not expect to be configured with the higher layer parameter codebookSubset or the higher layer parameter
codebookSubset-ForDCIFormat0_2 set to ‘partial AndNonCoherent' when higher layer parameter nrofSRS-Ports in an
SRS-ResourceSet with usage set to ‘codebook’ indicates that the maximum number of the configured SRS antenna ports
in the SRS-ResourceSet is two.

For codebook based transmission, the UE may be configured with a single SRS-ResourceSet with usage set to
‘codebook’ and only one SRS resource can be indicated based on the SRI from within the SRS resource set. Except
when higher layer parameter ULFPTxModes is set to 'Mode 2', the maximum number of configured SRS resources for
codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the
transmission of aperiodic SRS resources.

The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the
DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.

DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].

Except when higher layer parameter ULFPTxModes is set to ‘Mode 2', when multiple SRS resources are configured by
SRS-ResourceSet with usage set to ‘codebook’, the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-
Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.

When higher layer parameter ULFPTxModes is set to 'Mode 2",
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- the UE can be configured with one SRS resource or multiple SRS resources with same or different number of
SRS ports within an SRS resource set with usage set to ‘codebook'.

- up to 2 different spatial relations (maxNumberConfiguredSpatialRelations) can be configured for all SRS
resources with usage set to ‘codebook'.

- subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with
usage set to ‘codebook’

6.1.1.2 Non-Codebook based UL transmission

For non-codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1, DCI format 0_2
or semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1,
DCI format 0_2, or semi-statically configured to operate according to Clause 6.1.2.3, the UE can determine its PUSCH
precoder and transmission rank based on the SRI when multiple SRS resources are configured, where the SRI is given
by the SRS resource indicator in DCI according to clause 7.3.1.1.2 and 7.3.1.1.3 of [5, 38.212] for DCI format 0_1 and
DCI format 0_2, or the SRI is given by srs-Resourcelndicator according to clause 6.1.2.3. The SRS-ResourceSet(s)
applicable for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer
parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModList-ForDCIFormat0_2 in SRS-config,
respectively. The UE shall use one or multiple SRS resources for SRS transmission, where, in a SRS resource set, the
maximum number of SRS resources which can be configured to the UE for simultaneous transmission in the same
symbol and the maximum number of SRS resources are UE capabilities. The SRS resources transmitted simultaneously
occupy the same RBs. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be
configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook’. The maximum number of SRS
resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is
associated with the most recent transmission of SRS resource(s) identified by the SRI, where the SRS transmission is
prior to the PDCCH carrying the SRI.

For non-codebook based transmission, the UE can calculate the precoder used for the transmission of SRS based on
measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for
the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook’ if configured.

- If aperiodic SRS resource set is configured, the associated NZP-CSI-RS is indicated via SRS request field in
DCI format 0_1 and 1_1, as well as DCI format 0_2 (if SRS request field is present) and DCI format 1_2 (if SRS
request field is present), where AperiodicSRS-ResourceTrigger and AperiodicSRS-ResourceTriggerList
(indicating the association between aperiodic SRS triggering state(s) and SRS resource sets), triggered SRS
resource(s) srs-ResourceSetld, csi-RS (indicating the associated NZP-CSI-RS-Resourceld) are higher layer
configured in SRS-ResourceSet. The SRS-ResourceSet(s) associated with the SRS request by DCI format 0_1 and
1 1 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and the SRS-
ResourceSet(s) associated with the SRS request by DCI format 0_2 and 1_2 are defined by the entries of the
higher layer parameter srs-ResourceSetToAddModList-ForDCIFormat0_2. A UE is not expected to update the
SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS
resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols.

- If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the
associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not ‘00" as in
Table 7.3.1.1.2-24 of [5, TS 38.212] and if the scheduling DCI is not used for cross carrier or cross bandwidth
part scheduling. The CSI-RS is located in the same slot as the SRS request field. If the UE configured with
aperiodic SRS associated with aperiodic NZP CSI-RS resource, any of the TCI states configured in the
scheduled CC shall not be configured with 'QCL-TypeD".

- If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-Resourceld for measurement is
indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.

The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) and their
corresponding PUSCH layers {0 ... v-1} given by DCI format 0_1 or by configuredGrantConfig according to clause
6.1.2.3 in increasing order.

The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by
SRI(s) given by DCI format 0_1 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in (i+1)-
th SRS resource in the SRS resource set is indexed as p, =1000+i -
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DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].

For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationinfo for SRS
resource and associatedCSI-RS in SRS-ResourceSet for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is
configured in SRS-ResourceSet with usage set to 'nonCodebook'.

6.1.2 Resource allocation

6.1.2.1 Resource allocation in time domain

When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport
block and a CSI report(s) on PUSCH by a DCI, the Time domain resource assignment field value m of the DCI provides
arow index m + 1 to an allocated table. The determination of the used resource allocation table is defined in Clause
6.1.2.1.1. The indexed row defines the slot offset K5, the start and length indicator SLIV, or directly the start symbol S
and the allocation length L, the PUSCH mapping type, and the number of repetitions (if numberofrepetitions is present
in the resource allocation table) to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a CSI request field
on a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to the allocated
table as defined in Clause 6.1.2.1.1. The indexed row defines the start and length indicator SLI1V, and the PUSCH

mapping type to be applied in the PUSCH transmission and the K value is determined as K, = maxy; (m +1) , Where
J

Y;,j=0,...,Nge, —1 are the corresponding list entries of the higher layer parameter

- reportSlotOffsetListForDCI-Format0-2, if PUSCH is scheduled by DCI format 0_2 and
reportSlotOffsetListForDCI-Format0-2 is configured;

- reportSlotOffsetListForDCI-Format0-1, if PUSCH is scheduled by DCI format 0_1 and
reportSlotOffsetListForDCI-Format0-1 is configured;

- reportSlotOffsetList, otherwise;

in CSI-ReportConfig for the Ngep triggered CSI Reporting Settings and Y; (m+1) is the (m+1)th entry of Y-

- The slot Ks where the UE shall transmit the PUSCH is determined by K> as K=

CA CA
2 HPUSCH N N . . . .
{n. J+ K, +M slot,offset, PDCCH _ __slot offset, PUSCH ]-2“%%“ ‘ , if UE is configured with CA-slot-offset for

2 Hoffset, PDCCH 2 Hoffset,PUSCH

2#PDCCH

2/4PUSCH

2 HPDCCH

at least one of the scheduled and scheduling cell, Ks {n- J+ K, , otherwise, and where n is the slot with

the scheduling DCI, Kz is based on the numerology of PUSCH, and ,sc,, and gpccy, are the subcarrier
spacing configurations for PUSCH and PDCCH, respectively,

- Nsclg‘t, offset, PDCCHANG Hofrser, ppcen are the N& ogree and the s, , respectively, which are determined by higher-

layer configured CA-slot-offset for the cell receiving the PDCCH, Ns‘fj}t_ offset, PUSCH N Uoser, pusc are the
Nh: offser and the z1.¢. respectively, which are determined by higher-layer configured cA-slot-offset for the cell

transmitting the PUSCH, as defined in clause 4.5 of [4, TS 38.211], and

- for PUSCH scheduled by DCI format 0_1, if PUSCHRepTypelndicator-ForDCIFormat0_1 is set to 'pusch-
RepTypeB', the UE applies PUSCH repetition Type B procedure when determining the time domain resource
allocation. For PUSCH scheduled by DCI format 0_2, if PUSCHRepTypelndicator-ForDCIFormat0_2 is set to
‘pusch-RepTypeB', the UE applies PUSCH repetition Type B procedure when determining the time domain
resource allocation. Otherwise, the UE applies PUSCH repetition Type A procedure when determining the time
domain resource allocation for PUSCH scheduled by PDCCH.
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- For PUSCH repetition Type A, the starting symbol S relative to the start of the slot, and the number of
consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and
length indicator SLIV of the indexed row:

if (L-1)<7 then
SLIV =14-(L-1)+S
else

SLIV =14- (14— L+1)+ (14 -1-S)

where 0< L <14-S , and

- For PUSCH repetition Type B, the starting symbol S relative to the start of the slot, and the number of
consecutive symbols L counting from the symbol S allocated for the PUSCH are provided by startSymbol and
length of the indexed row of the resource allocation table, respectively.

- For PUSCH repetition Type A, the PUSCH mapping type is set to Type A or Type B as defined in Clause
6.4.1.1.3 of [4, TS 38.211] as given by the indexed row.

- For PUSCH repetition Type B, the PUSCH mapping type is set to Type B.
The UE shall consider the S and L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A 0 {4,...,14} {4,...,14} 0 {4,...12} {4,...12}

(repetitionType A

only)

Type B {0,...,13} {1,...,14} {1,...,14} for {0,..., 11} {1,...,12} {1,...,12}

repetition Type A,

{1,...,27} for
repetition Type B

For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC
scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as

- if numberofrepetitions is present in the resource allocation table, the number of repetitions K is equal to
numberofrepetitions;

- elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-
AggregationFactor;

- otherwise K=1.

For PUSCH repetition Type A, in case K>1, the same symbol allocation is applied across the K consecutive slots and
the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the K consecutive slots applying
the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the
TB, wheren=0, 1, ... K-1, is determined according to table 6.1.2.1-2.

Table 6.1.2.1-2: Redundancy version for PUSCH transmission

rvigindicated by the DCI rvia to be applied to nt transmission occasion (repetition Type A) or nt
scheduling the PUSCH actual repetition (repetition Type B)
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
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When transmitting MsgA PUSCH on a non-initial UL BWP, if the UE is configured with
startSymbolAndLengthMsgAPO, the UE shall determine the S and L from startSymbolAndLengthMsgAPO.

When transmitting MsgA PUSCH, if the UE is not configured with startSymbolAndLengthMsgAPO, and if the TDRA
list PUSCH-TimeDomainResourceAllocationList is provided in PUSCH-ConfigCommon, the UE shall use msgA-
timeDomainAllocation to indicate which values are used in the list. If PUSCH-TimeDomainResourceAllocationList is
not provided in PUSCH-ConfigCommon, the UE shall use parameters S and L from table 6.1.2.1.1-2 where msgA-
timeDomainAllocation indicates which values are used in the list. The time offset for PUSCH transmission is described
in [6, TS38.213].

For PUSCH repetition Type A, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted
according to the conditions in Clause 11.1 of [6, TS38.213].

For PUSCH repetition Type B, the number of nominal repetitions is given by numberofrepetitions. For the n-th nominal
repetition, n = 0, ..., numberofrepetitions - 1,

S+n-L

slot

- The slot where the nominal repetition starts is given by K, J{
symb

‘ , and the starting symbol relative to the

start of the slot is given by mOd(S +n-L, Nssylﬁfb) :

S+
- The slot where the nominal repetition ends is given by K ﬁ{ ( J , and the ending symbol relative

to the start of the slot is given by mOd(S +(n +1)' L-1 nylfntb)

Here K, is the slot where the PUSCH transmission starts, and NZ is the number of symbols per slot as defined in
Clause 4.3.2 of [4, TS38.211].

For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as
follows:

- A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.

- The UE may be configured with the higher layer parameter InvalidSymbolPattern, which provides a symbol
level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit
value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol
for PUSCH repetition Type B transmission. The UE may be additionally configured with a time-domain pattern
(higher layer parameter periodicityAndPattern given by InvalidSymbolPattern), where each bit of
periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap symbols, and a bit
value equal to 1 indicates that the symbol level bitmap symbols is present in the unit. The periodicityAndPattern
can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. The first symbol of periodicityAndPattern
every 40ms/P periods is a first symbol in frame nrmod 4 = 0, where P is the duration of periodicityAndPattern
in units of ms. When periodicityAndPattern is not configured, for a symbol level bitmap spanning two slots, the
bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol
level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. If
InvalidSymbolPattern is configured, when the UE applies the invalid symbol pattern is determined as follows:

- if the PUSCH is scheduled by DCI format 0_1, or corresponds to a Type 2 configured grant activated by DCI
format 0_1, and if InvalidSymbolPatternindicator-ForDCIFormat0_1 is configured,

- ifinvalid symbol pattern indicator field is set 1, the UE applies the invalid symbol pattern;
- otherwise, the UE does not apply the invalid symbol pattern;

- if the PUSCH is scheduled by DCI format 0_2, or corresponds to a Type 2 configured grant activated by DCI
format 0_2, and if InvalidSymbolPatternindicator-ForDCIFormat0_2 is configured,

- ifinvalid symbol pattern indicator field is set 1, the UE applies the invalid symbol pattern;

- otherwise, the UE does not apply the invalid symbol pattern;
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- otherwise, the UE applies the invalid symbol pattern.

For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for
each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH
repetition Type B transmission. If the number of potentially valid symbols for PUSCH repetition type B transmission is
greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each
actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type
B transmission within a slot. An actual repetition with a single symbol is omitted except for the case of L=1. An actual
repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied
on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according
to table 6.1.2.1-2.

If pusch-TimeDomainAllocationList in pusch-Config contains row indicating resource allocation for two to eight
contiguous PUSCHs, K; indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHSs. Each
PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of
indicated valid SLIVs in the row of the pusch-TimeDomainAllocationList signalled in DCI format 0_1.

When the UE configured with [minimumSchedulingOffset] in active UL BWP it applies a minimum scheduling offset
restriction indicated by the ['Minimum applicable scheduling offset indicator'] field in DCI format 0_1 or 1_1. When the
UE configured with [minimumSchedulingOffset] in active UL BWP and it has not received ['Minimum applicable
scheduling offset indicator] field in DCI format 0_1 or 1_1, the UE shall apply a minimum scheduling offset restriction
indicated based on ['Minimum applicable scheduling offset indicator’] value '0'. When the minimum scheduling offset
restriction is applied the UE is not expected to be scheduled with a DCI in slot n to transmit a PUSCH scheduled with
C-RNTI, CS-RNTI or MCS-C-RNTI with K, smaller than the applicable minimum scheduling offset restriction Kamin in
slot n. The minimum scheduling restriction is not applied when PUSCH transmission is scheduled by RAR UL grant for
RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of the minimum
scheduling offset restriction is determined in Clause 5.3.1.

6.1.2.1.1 Determination of the resource allocation table to be used for PUSCH

Table 6.1.2.1.1-1, Table 6.1.2.1.1-1A and Table 6.1.2.1.1-1B define which PUSCH time domain resource allocation
configuration to apply.

Table 6.1.2.1.1-4 defines the subcarrier spacing specific values j. j is used in determination of K, in conjunction to
table 6.1.2.1.1-2, for normal CP or table 6.1.2.1.1.-3 for extended CP, where ppyscy 1S the subcarrier spacing
configurations for PUSCH.

Table 6.1.2.1.1-5 defines the additional subcarrier spacing specific slot delay value for the first transmission of PUSCH
scheduled by the RAR or by the fallback RAR. When the UE transmits a PUSCH scheduled by RAR or by the fallback
RAR, the 4 value specific to the PUSCH subcarrier spacing Ueusch is applied in addition to the K, value.
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Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation for common search space and
DCI format 0_0 in UE specific search space

RNTI PDCCH pusch-ConfigCommon pusch-Config includes PUSCH time domain
search includes pusch- pusch- resource allocation to apply
space TimeDomainAllocationList | TimeDomainAllocationList
PUSCH scheduled by No - Default A
MAC RAR as described Yes pusch-

in clause 8.2 of [6, TS TimeDomainAllocationList
38.213] or MAC fallback provided in pusch-

RAR as described in ConfigCommon
clause X.Y of [6, 38.213]

or for MsgA PUSCH

transmission

C-RNTI, | Any common No - Default A
MCS-C- | search space Yes pusch-

RNTI, associated TimeDomainAllocationList

TC- with provided in pusch-

RNTI, CORESETO0 ConfigCommon

CS-RNTI
C-RNTI, | Any common No No Default A
MCS-C- | search space Yes No pusch-

RNTI, not TimeDomainAllocationList

TC- associated provided in pusch-

RNTI, with ConfigCommon

CS- CORESET 0, No/Yes Yes pusch-

RNTI, DCI format TimeDomainAllocationList

SP-CSI- 0_0in provided in pusch-Config

RNTI UE specific

search space

Table 6.1.2.1.1-1A: Applicable PUSCH time domain resource allocation for DCI format 0_1 in UE
specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI

pusch-ConfigCommon
includes pusch-
TimeDomainAllocationList

pusch-Config includes
pusch-
TimeDomainAllocationList

pusch-Config includes
pusch-
TimeDomainAllocationList
-ForDClformat0_1

PUSCH time domain
resource allocation to apply

No

No

No

Default A

Yes

No

No

pusch-
TimeDomainAllocationList
provided in pusch-
ConfigCommon

No/Yes

Yes

No

pusch-
TimeDomainAllocationList
provided in pusch-Config

No/Yes

No/Yes

Yes

pusch-
TimeDomainAllocationList-
ForDClformat0_1 provided in
pusch-Config
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Table 6.1.2.1.1-1B: Applicable PUSCH time domain resource allocation for DCI format 0_2 in UE
specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI

pusch-ConfigCommon
includes pusch-
TimeDomainAllocationList

pusch-Config includes
pusch-
TimeDomainAllocationList

pusch-Config includes
pusch-
TimeDomainAllocationList
-ForDClformat0 2

PUSCH time domain
resource allocation to apply

No

No

No

Default A

Yes

No

No

pusch-
TimeDomainAllocationList
provided in pusch-
ConfigCommon

No/Yes

Yes

No

pusch-
TimeDomainAllocationList
provided in pusch-Config

No/Yes

No/Yes

Yes

pusch-
TimeDomainAllocationList-
ForDClformat0_2 provided in
pusch-Config

Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP

Row index PUSCH K, S L
mapping type
1 Type A i 0 14
2 Type A j 0 12
3 Type A j 0 10
4 Type B i 2 10
5 Type B i 4 10
6 Type B j 4 8
7 Type B j 4 6
8 Type A j+1 0 14
9 Type A j+1 0 12
10 Type A j+1 0 10
11 Type A j+2 0 14
12 Type A j+2 0 12
13 Type A j+2 0 10
14 Type B i 8 6
15 Type A j*+3 0 14
16 Type A j+3 0 10

Table 6.1.2.1.1-3: Default PUSCH time domain resource allocation A for extended CP

Row index PUSCH K2 S L
mapping type
1 Type A j 0 8
2 Type A j 0 12
3 Type A j 0 10
4 Type B j 2 10
5 Type B j 4 4
6 Type B j 4 8
7 Type B j 4 6
8 Type A j+1 0 8
9 Type A j+1 0 12
10 Type A j+1 0 10
11 Type A j+2 0 6
12 Type A j+2 0 12
13 Type A j+2 0 10
14 Type B j 8 4
15 Type A j*+3 0 8
16 Type A j+3 0 10
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Table 6.1.2.1.1-4: Definition of value j

HPuscH

0

W{N|RP (P =

1
2
3

Table 6.1.2.1.1-5: Definition of value 4

MpPuscH A

0 2

1 3

2 4

3 6

6.1.2.2 Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the
detected PDCCH DCI except for a PUSCH transmission scheduled by a RAR UL grant or fallbackRAR UL grant, in
which case the frequency domain resource allocation is determined according to clause 8.3 of [6, 38.213] or clause X.Y
of [6, 38.213] respectively. Three uplink resource allocation schemes type 0, type 1 and type 2 are supported. Uplink
resource allocation scheme type 0 is supported for PUSCH only when transform precoding is disabled. Uplink resource
allocation scheme type 1 and type 2 are supported for PUSCH for both cases when transform precoding is enabled or
disabled.

If the scheduling DCI is configured to indicate the uplink resource allocation type as part of the Frequency domain
resource assignment field by setting a higher layer parameter resourceAllocation in pusch-Config to ‘dynamicSwitch’,
for DCI format 0_1 or setting a higher layer parameter resourceAllocation-ForDCIFormat0_2 in pusch-Config to
‘dynamicswitch’ for DCI format 0_2, the UE shall use uplink resource allocation type 0 or type 1 as defined by this DCI
field. Otherwise the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter
resourceAllocation for DCI format 0_1 or the higher layer parameter resourceAllocation-ForDCIFormat0_2 for DCI
format 0_2. The UE shall assume that when the scheduling PDCCH is received with DCI format 0_1 and
uselnterlacePUSCH-Dedicated is set to ‘enabled’, uplink type 2 resource allocation is used.

The UE shall assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource
allocation type 1 is used, except when any of the higher layer parameters uselnterlacePUSCH-Common or
uselnterlacePUSCH-Dedicated are set to 'enabled' in which case uplink resource allocation type 2 is used.

The UE expects that either none or both of uselnterlacePUSCH-Common and uselnterlacePUSCH-Dedicated is set to
‘enabled'.

The UE expects that either none or both of uselnterlacePUSCH-Common and uselnterlacePUCCH-Common is set to
‘enabled'.

If a bandwidth part indicator field is not configured in the scheduling DCI or the UE does not support active bandwidth
part change via DCI, the RB indexing for uplink type 0, type 1 and type 2 resource allocation is determined within the
UE's active bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI and the UE supports
active bandwidh part change via DCI, the RB indexing for uplink type 0, type 1, type 2 resource allocation is
determined within the UE's bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall
upon detection of PDCCH intended for the UE determine first the uplink bandwidth part and then the resource
allocation within the bandwidth part. RB numbering starts from the lowest RB in the determined uplink bandwidth part.

6.1.2.2.1 Uplink resource allocation type 0

In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Size configured in pusch-Config and the size of the bandwidth
part as defined in Table 6.1.2.2.1-1.
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Table 6.1.2.2.1-1: Nominal RBG size P

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

The total number of RBGs ( N rec ) for a uplink bandwidth part i of size Ngxpj PRBs is given by

Nags =] (Nain, +(Ngix mod P))/ P where

- the size of the first RBG is RBG{™ =P—Ngip; mod P,

- the size of the last RBG is RBG g = (N Et&/g,i +Nawp )mOd P if (N ;‘&,E,i +Nawp )mOd P >0and P otherwise.

- the size of all other RBG is P.

The bitmap is of size NRBG bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be
indexed in the order of increasing frequency of the bandwidth part and starting at the lowest frequency. The order of

RBG bitmap is such that RBG 0 to RBG NRBG —1 are mapped from MSB to LSB of the bitmap. The RBG is allocated
to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

In frequency range 1, only 'almost contiguous allocation' defined in [8, TS 38.101-1] is allowed as non-contiguous allocation per
component carrier for UL RB allocation for CP-OFDM.

In frequency range 2, non-contiguous allocation per component carrier for UL RB allocation for CP-OFDM is not supported.
6.1.2.2.2 Uplink resource allocation type 1

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of

contiguously allocated non-interleaved virtual resource blocks within the active bandwidth part of size N;'jjp PRBs
except for the case when DCI format 0_0 is decoded in any common search space in which case the size of the initial

UL bandwidth part N;'CA?P@ shall be used.

An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block (RBg,,; ) and a length in terms of contiguously allocated resource blocks Lgg, . The resource

indication value is defined by

if (Lggs —1) < [N See, /2J then
RIV = N él\i\ﬁ: (LRBS _l) + RBstart
else

RIV = Ngip (N33 — Lres +1 + (Ngip —1— RBgan)

size
where Lgg, > 1 and shall not exceed NBWP - RBstart .

When the DCI size for DCI format 0_0 in USS is derived from the initial UL BWP with size N2 but applied to
another active BWP with size of Nz, an uplink type 1 resource block assignment field consists of a resource
indication value (RIV) corresponding to a starting resource block RB_,, =0,K,2-K,...,(Nhw' —1). K and a length in

terms of virtually contiguously allocated resource blocks L., =K,2-K,..., Nl K
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The resource indication value is defined by
if (L'es,—1)<| Npug' /2| ther

RIV = Nf@ (L 1)+ RB'

start

else
RIV = NI (NS — L g, +0) + (NB —1-RB)

where L'y, = Leg /K, RB',,, = RB,, /K and where L', shall not exceed NI _RpB"

BWP start *

If NZsie > Nt K js the maximum value from set {1, 2, 4, 8} which satisfies K SLNQ\C,S? / N'B”V';S"J ; otherwise K = 1.

When the scheduling grant is received with DCI format 0_2, an uplink type 1 resource allocation field consists of a
resource indication value (RIV) corresponding to a starting resource block group RBGswart=0, 1, ..., Nrec-1 and a length
in terms of virtually contiguously allocated resource block groups Lress=1, ..., Nrsc, Where the resource block groups
are defined as in 6.1.2.2.1 with P defined by ResourceAllocationTypel-granularity-ForDCIFormat0_2 if the UE is
configured with higher layer parameter ResourceAllocationTypel-granularity-ForDCIFormat0_2, and P=1 otherwise.
The resource indication value is defined by

it (Lgggs —1) <| Ngae /2] then
RIV = Nggg (Lregs —1) + RBGgar

else

RIV = Nggg (Nggg — Lregs + 1 + (Ngrgg —1— RBGgyy)

where Lggg, > 1 and shall not exceed Nggs — RBG

start *
6.1.2.2.3 Uplink resource allocation type 2

In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to
a UE a set of up to M interlace indices, and for DCI 0_1 a set of up to NZ¥%,, contiguous RB sets, where M and
interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. The UE shall determine the resource allocation in
frequency domain as an intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets
and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any.

For u=0, the X MSBs of the resource block assignment information indicates to a UE a set of allocated interlace indices
m o + [, where the indication consists of a resource indication value (RIV). For0 < RIV < M(M + 1)/2,1 =
0,1,--- L — 1 the resource indication value corresponds to the starting interlace index mo and the number of contiguous

interlace indices L (L >1). The resource indication value is defined by:
if (L—1) < [M/2] then
RIV =ML —1)+m,
else
RIV=MM—-L+1)+M—1-mp)

For RIV = M(M + 1)/2 , the resource indication value corresponds to the starting interlace index mo and the set of
values | according to Table 6.1.2.2.3-1.
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Table 6.1.2.2.3-1: mo and | for RIV > M(M + 1)/2.

RIV —M(M +1)/2 mo I
0 0 {0, 5}
1 0 {0, 1, 5, 6}
2 1 {0, 5}
3 1 {0,1,2,3,5,6,7, 8}
4 2 {0, 5}
5 2 {0,1,2,5,6, 7}
6 3 {0, 5}
7 4 {0, 5}

For p=1, the X MSBs of the resource block assignment information comprise a bitmap indicating the interlaces that are
allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is
addressable, where M and interlace indexing is defined in Clause 4.4.4.6 in [4, TS 38.211]. The order of interlace
bitmap is such that interlace 0 to interlace M — 1 are mapped from MSB to LSB of the bitmap. An interlace is allocated
to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.

BWP BWP
For both =0 and p=1, the Y = |log2 MI LSBs of the resource block assignment information indicate to

a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_1 and Type 1 and Type 2 configured
grant. The resource allocation field consists of a resource indication value (RIVrgset). FOr 0 < RIVzpger <

NEWE ((NBWE . +1)/2,1 = 0,1, Lggser — 1 the resource indication value corresponds to the starting RB set
(RBsetgrart) @nd the number of contiguous RB sets Lggse: (Lrpser = 1). The resource indication value is defined by;

if (LRBset - 1) < lNRBL‘?AiI;et/ZJ then
RIVggser = Nigh oot (Lrpset — 1) + RBsetsrarr
else
RIVppger = N)?BW—};et(N}?BV[};et — Lppser + 1) + (NgBW—I;et — 1 — RBsetgrart)

If transform precoding is enabled according to the procedure in Clause 6.1.3, then the UE transmits PUSCH on the
lowest-indexed MEYSCH PRBs indicated by the frequency domain resource assignment information. MESS<H is the
largest integer not greater than the number of RBs indicated by the frequency domain resource assignment information

that fulfils the conditions in [4, TS 38.211 Clause 6.3.1.4].

6.1.2.3 Resource allocation for uplink transmission with configured grant

When PUSCH resource allocation is semi-statically configured by higher layer parameter configuredGrantConfig in
BWP-UplinkDedicated information element, and the PUSCH transmission corresponding to a configured grant, the
following higher layer parameters are applied in the transmission:

- For Type 1 PUSCH transmissions with a configured grant, the following parameters are given in
configuredGrantConfig unless mentioned otherwise:

- For the determination of the PUSCH repetition type, if the higher layer parameter PUSCHRepTypelndicator-
ForTypelConfiguredgrant is configured and set to 'pusch-RepTypeB', PUSCH repetition type B is applied,;
otherwise, PUSCH repetition type A is applied;

- For PUSCH repetition type A, the selection of the time domain resource allocation table follows the rules for
DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1.

- For PUSCH repetition type B, the selection of the time domain resource allocation table is as follows:

- If PUSCHRepTypelndicator-ForDCIlFormat0_1 in pusch-Config is configured and set to 'pusch-
RepTypeB', PUSCH-TimeDomainResourceAllocationList-ForDClformatO_1 in pusch-Config is used;

- Otherwise, PUSCH-TimeDomainResourceAllocationList-ForDClformat0_2 in pusch-Config is used.

- Itis not expected that PUSCHRepTypelndicator-ForTypelConfiguredgrant is configured with ‘pusch-
RepTypeB' when none of PUSCHRepTypelndicator-ForDCIFormat0_1 and PUSCHRepTypelndicator-
ForDCIFormat0_2 in pusch-Config is set to 'pusch-RepTypeB'.
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- The higher layer parameter timeDomainAllocation value m provides a row index m+1 pointing to the
determined time domain resource allocation table, where the start symbol and length are determined
following the procedure defined in Clause 6.1.2.1;

- Frequency domain resource allocation is determined by the N LSB bits in the higher layer parameter
frequencyDomainAllocation, forming a bit sequence f;, ..., f1, fo, Where f; is the LSB, according to the
procedure in Clause 6.1.2.2 and N is determined as the size of frequency domain resource assignment field in
DCI format 0_1 for a given resource allocation type indicated by resourceAllocation, except if
uselnterlacePUSCH-Dedicated is set to ‘enabled’, in which case uplink type 2 resource allocation is used
wherein the UE interprets the LSB bits in the higher layer parameter frequencyDomainAllocation as for the
frequency domain resource assignment field of DCI 0_1 according to the procedure in Clause 6.1.2.2.3;

- The lwvcs is provided by higher layer parameter mcsAndTBS;

- Number of DM-RS CDM groups, DM-RS ports, SRS resource indication and DM-RS sequence initialization
are determined as in Clause 7.3.1.1 of [5, TS 38.212], and the antenna port value, the bit value for DM-RS
sequence initialization, precoding information and number of layers, SRS resource indicator are provided by
antennaPort, dmrs-Seqlnitialization, precodingAndNumberOfLayers, and srs-Resourcelndicator
respectively;

- When frequency hopping is enabled, the frequency offset between two frequency hops can be configured by
higher layer parameter frequencyHoppingOffset.

- For Type 2 PUSCH transmissions with a configured grant: the resource allocation follows the higher layer
configuration according to [10, TS 38.321], and UL grant received on the DCI.

- The PUSCH repetition type and the time domain resource allocation table are determined by the PUSCH
repetition type and the time domain resource allocation table associated with the UL grant received on the
DCI, respectively, as defined in Clause 6.1.2.1.

For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be
applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if
numberofrepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK.

The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not
deliver a transport block to transmit on the resources allocated for uplink transmission without grant.

A set of allowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSlots-r16, provides
the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-
InSlot-r16 provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation
follows the higher layer parameter timeDomainAllocation, and the remaining PUSCH allocations have the same length
and PUSCH mapping type, and are appended following the previous allocations without any gaps. The same
combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots.

For operation with shared spectrum channel access where a UE is performing uplink transmission with configured
grants in contiguous OFDM symbols on all resource blocks of an RB set, for the first such UL transmission the UE
randomly determines a duration of a cyclic prefix extension Tey to be applied for transmission according to [4, TS
38.211] from a set of values configured by higher layers according to the following rule:

- If the first such UL transmission is within a channel occupancy initiated by the gNB (defined in Clause 4 of [16,
TS 37.213]), the set of values is determined by cg-StartingFullBW-1InsideCOT-r16;

- otherwise, the set of values is determined by cg-StartingFullBW-OutsideCOT-r16.

For operation with shared spectrum channel access where a UE is performing uplink transmission with configured
grants in contiguous OFDM symbols on fewer than all resource blocks of an RB set, for the first such UL transmission
the UE determines a duration of a cyclic prefix extension Tex to be applied for transmission according to [4, TS 38.211]
according to the following rule:

- If the first such UL transmission is within a channel occupancy initiated by the gNB (defined in Clause 4 of [16,
TS 37.213]), the Tex is equal to cg-StartingPartialBW-InsideCOT-r16;

- otherwise, the Tex is equal to cg-StartingPartialBW-OutsideCOT-r16.
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6.1.2.3.1 Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a
configured grant

The procedures described in this clause apply to PUSCH transmissions of PUSCH repetition Type A with a Type 1 or
Type 2 configured grant.

The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If the
parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for uplink transmissions with
a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among K repetitions, n=1, 2, ..., K, it is
associated with (mod(n-1,4)+1)"" value in the configured RV sequence. If a configured grant configuration is configured
with Configuredgrantconfig-StartingfromRVO set to 'off', the initial transmission of a transport block may only start at
the first transmission occasion of the K repetitions. Otherwise, the initial transmission of a transport block may start at

- the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},

- any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV
sequence is {0,3,0,3},

- any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last
transmission occasion when K>8.

For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission
occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a
PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In
addition, the UE shall terminate the repetition of a transport block in a PUSCH transmission if the UE receives a DCI
format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process
corresponding to that transport block.

The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time
duration derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols
available for the PUSCH transmission in a slot is smaller than transmission duration L, the UE does not transmit the
PUSCH in the transmission occasion.

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, the UE shall repeat the TB
across the K consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with
higher layer parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, in which case the UE repeats the TB in the
repK earliest consecutive transmission occasion candidates within the same configuration. A Type 1 or Type 2 PUSCH
transmission with a configured grant in a slot is omitted according to the conditions in Clause 11.1 of [6, TS38.213].

6.1.2.3.2 Transport Block repetition for uplink transmissions of PUSCH repetition Type B with a
configured grant

The procedures described in this Clause apply to PUSCH transmissions of PUSCH repetition type B with a Type 1 or
Type 2 configured grant.

For PUSCH transmissions with a Type 1 or Type 2 configured grant, the nominal repetitions and the actual repetitions
are determined according to the procedures for PUSCH repetition Type B defined in Clause 6.1.2.1. The higher layer
configured parameters repK-RV defines the redundancy version pattern to be applied to the repetitions. If the parameter
repK-RV is not provided in the configuredGrantConfig, the redundancy version for each actual repetition with a
configured grant shall be set to 0. Otherwise, for the nth transmission occasion among all the actual repetitions
(including the actual repetitions that are omitted) of the K nominal repetitions, it is associated with (mod(n-1,4)+1)"
value in the configured RV sequence. If a configured grant configuration is configured with Configuredgrantconfig-
StartingfromRVO0 set to 'off', the initial transmission of a transport block may only start at the first transmission occasion
of the actual repetitions. Otherwise, the initial transmission of a transport block may start at

- the first transmission occasion of the actual repetitions if the configured RV sequence is {0,2,3,1},

- any of the transmission occasions of the actual repetitions that are associated with RV=0 if the configured RV
sequence is {0,3,0,3},

- any of the transmission occasions of the actual repetitions if the configured RV sequence is {0,0,0,0}, except the
actual repetitions within the last nominal repetition when K>8.
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For any RV sequence, the repetitions shall be terminated after transmitting K nominal repetitions, or at the last
transmission occasion among the K nominal repetitions within the period P, or from the starting symbol of a repetition
that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is
reached first. The UE is not expected to be configured with the time duration for the transmission of K nominal
repetitions larger than the time duration derived by the periodicity P.

6.1.3 UE procedure for applying transform precoding on PUSCH

For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by fallbackRAR UL grant, or for a PUSCH
scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE shall consider the transform precoding either
‘enabled’ or 'disabled' according to the higher layer configured parameter msg3-transformPrecoder.

For a MsgA PUSCH, the UE shall consider the transform precoding either ‘enabled' or 'disabled’ according to the higher
layer configured parameter msgA-transformPrecoder. If higher layer parameter msgA-transformPrecoder is not
configured, the UE shall consider the transform precoding either ‘enabled' or ‘disabled' according to the higher layer
configured parameter msg3-transformPrecoder.

For PUSCH transmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, C-RNTI, or MCS-C-
RNTI or SP-CSI-RNTI:

- If the DCI with the scheduling grant was received with DCI format 0_0, the UE shall, for this PUSCH
transmission, consider the transform precoding either enabled or disabled according to the higher layer
configured parameter msg3-transformPrecoder.

- If the DCI with the scheduling grant was not received with DCI format 0_0

- If the UE is configured with the higher layer parameter transformPrecoder in pusch-Config, the UE shall, for
this PUSCH transmission, consider the transform precoding either enabled or disabled according to this
parameter.

- If the UE is not configured with the higher layer parameter transformPrecoder in pusch-Config, the UE shall,
for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the
higher layer configured parameter msg3-transformPrecoder.

For PUSCH transmission with a configured grant

- If the UE is configured with the higher layer parameter transformPrecoder in configuredGrantConfig, the UE
shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this
parameter.

- If the UE is not configured with the higher layer parameter transformPrecoder in configuredGrantConfig, the
UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to
the higher layer configured parameter msg3-transformPrecoder.

6.1.4 Modulation order, redundancy version and transport block size
determination

To determine the modulation order, target code rate, redundancy version and transport block size for the physical uplink

shared channel, the UE shall first

- read the 5-bit modulation and coding scheme field (1,cs ) in the DCI scheduling PUSCH or provided in a DCI

activating a configured grant Type 2 PUSCH, or as provided by mcsAndTBS as described in Clause 6.1.2.3 for a
configured grant Type 1 PUSCH to determine the modulation order (O,,) and target code rate (R) based on the

procedure defined in Clause 6.1.4.1

- read redundancy version field (rv) in the DCI to determine the redundancy version for PUSCH scheduled by
DCI, or determine the redundancy version according to Clause 6.1.2.3.1 for configured grant Type 1 and Type 2
PUSCH,

and second

- use the number of layers (v), the total number of allocated PRBs (npgg ) to determine the transport block size
based on the procedure defined in Clause 6.1.4.2.
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When the UE is scheduled with multiple PUSCHSs by a DCI, as described in clause 6.1.2.1, the bits of rv field and NDI
field, respectively, in the DCI are one to one mapped to the scheduled PUSCHY(s) with the corresponding transport
block(s) in the scheduled order where the LSB bits of the rv field and NDI field, respectively, correspond to the last
scheduled PUSCH.

Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot s; in serving cell-j, and for j = 0,1,2..
J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time:

21—1 Iz Vim
j=0 16}
Tslot

< DataRate,

where
- Jis the number of configured serving cells belong to a frequency range
- for the j-th serving cell,
- Misthe number of TB(s) transmitted in slot-s;.
- Taot@ =103/2#0), where (j) is the numerology for PUSCHY(s) in slot s; of the j-th serving cell.
- forthem-th TB, V;,, = C'- EJ
- A'is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212]

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

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

- DataRate [Mbps] is computed as the maximum data rate summed over all the carriers in 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 formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).

For a j-th serving cell, if higher layer parameter processingType2Enabled of PUSCH-ServingCellConfig is configured
for the serving cell and set to enable, or if at least one Iucs > W for.a PUSCH, where W = 28 for MCS tables 5.1.3.1-1
and 5.1.3.1-3, and W = 27 for MCS tables 5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, the UE is not required to handle PUSCH
transmissions, if the following condition is not satisfied:

M-1
s
Z’"‘# < DataRateCC
LxT!

where
- L is the number of symbols assigned to the PUSCH
- M s the number of TB in the PUSCH

-3

- T* == where p is the numerology of the PUSCH
2‘u'Nsymb

- forthem-th TB, V;,,, = C'- EJ
- Alis the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212]
- C s the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
- (' is the 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 formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
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6.1.4.1 Modulation order and target code rate determination

For a PUSCH scheduled by RAR UL grant or

for a PUSCH scheduled by a fallbackRAR UL grant or

for a MsgA PUSCH transmission, or

for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or

for a PUSCH scheduled by a DCI format 0_1 for DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-
RNTI, SP-CSI-RNTI, or

for a PUSCH with configured grant using CS-RNTI, and
if transform precoding is disabled for this PUSCH transmission according to Clause 6.1.3

- if mcs-Table-ForDCIFormat0_2 in pusch-Config is set to '‘qam256', and PUSCH is scheduled by a PDCCH with
DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,

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

- elseif the UE is not configured with MCS-C-RNT]I, mcs-Table-ForDCIFormat0_2 in pusch-Config is set to
'‘0am64LowSE', and the PUSCH is scheduled by a PDCCH by a PDCCH with DCI format 0_2 with CRC
scrambled by C-RNTI or SP-CSI-RNTI,

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

- elseif mcs-Table in pusch-Config is set to 'gam256', and PUSCH is scheduled by a PDCCH with DCI format 0_1
with CRC scrambled by C-RNTI or SP-CSI-RNTI,

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

- elseif the UE is not configured with MCS-C-RNTI, mcs-Table in pusch-Config is set to '‘gam64LowSE', and the
PUSCH is scheduled by a PDCCH with a DCI format other than DCI format 0_2 in a UE-specific search space
with CRC scrambled by C-RNTI or SP-CSI-RNTI,

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

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

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

- elseif mes-Table in configuredGrantConfig is set to 'gam256',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH is transmitted with configured grant

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

- elseif mcs-Table in configuredGrantConfig is set to '‘qam64LowSE',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH is transmitted with configured grant,

- the UE shall use Iucs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.
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elseif for a MsgA PUSCH transmission,

- the UE shall use higher layer parameter MsgA-MCS for Imcs and Table 5.1.3.1-1 to determine the Target code
rate (R) used in the physical uplink shared channel.

- the UE shall use q=2 for determining modulation order Qn in Table 5.1.3.1-1.
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 uplink shared channel.

else

if mcs-TableTransformPrecoder-ForDCIFormat0_2 in pusch-Config is set to 'gam256', and PUSCH is
scheduled by a PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,

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

elseif the UE is not configured with MCS-C-RNTI, mcs-Table-ForDCIFormat0_2 in pusch-Config is set to
'‘qam64LowSE', and the PUSCH is scheduled by a PDCCH with DCI format 0_2 with CRC scrambled by C-
RNTI or SP-CSI-RNTI,

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif mcs-TableTransformPrecoder in pusch-Config is set to ‘gam256', and PUSCH is scheduled by a PDCCH
with DCI format 0_1 with CRC scrambled by C-RNTI or SP-CSI-RNTI,

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

elseif the UE is not configured with MCS-C-RNTI, mcs-TableTransformPrecoder in pusch-Config is set to
'‘qam64LowSE', and the PUSCH is scheduled by a PDCCH with a DCI format other than DCI format 0_2 in a
UE-specific search space with CRC scrambled by C-RNTI or SP-CSI-RNTI,

- the UE shall use Iucs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

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

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif mcs-TableTransformPrecoder in configuredGrantConfig is set to 'gam256',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH is transmitted with configured grant,

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

elseif mcs-TableTransformPrecoder in configuredGrantConfig is set to ‘gam64LowSE',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH is transmitted with configured grant,

- the UE shall use Iucs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

elseif for a MsgA PUSCH transmission,
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- the UE shall use higher layer parameter MsgA-MCS for Iycs and Table 6.1.4.1-1 to determine the Target code
rate (R) used in the physical uplink shared channel.

- the UE shall use g=2 for determining modulation order Qn in Table 6.1.4.1-1.
- else

- the UE shall use Imcs and Table 6.1.4.1-1to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

end
For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter tp-pi2BPSK is configured, g = 1 otherwise q=2.
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM

MCISMICr;dex ModulatlQomn Ol Target code Rate R x 1024 e?f?cei(:rzilyl
0 q 240/ q 0.2344
1 g 314/ q 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 466 2.7305
18 6 517 3.0293
19 6 567 3.3223
20 6 616 3.6094
21 6 666 3.9023
22 6 719 4.2129
23 6 772 4.5234
24 6 822 4.8164
25 6 873 5.1152
26 6 910 5.3320
27 6 948 5.5547
28 q reserved
29 2 reserved
30 4 reserved
31 6 reserved
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Table 6.1.4.1-2: MCS index table 2 for PUSCH with transform precoding and 64QAM

MCIS Index | Modulation Order Target code Rate R x 1024 Spe_ctral

MCS Om efficiency
0 q 60/q 0.0586
1 q 80/q 0.0781
2 q 100/q 0.0977
3 q 128/q 0.1250
4 q 156/q 0.1523
5 q 198/q 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 2 679 1.3262
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 4 658 2.5703
22 4 699 2.7305
23 4 772 3.0156
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 772 45234
28 q reserved
29 2 reserved
30 4 reserved
31 6 reserved

6.1.4.2 Transport block size determination

For a PUSCH scheduled by RAR UL grant or

for a PUSCH scheduled by fallbackRAR UL grant or

for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or

for a PUSCH scheduled by a DCI format 0_1 or DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-

RNTI, SP-CSI-RNTI, or

for a PUSCH transmission with configured grant, or

for a MsgA PUSCH transmission,

if

- 0<Iyes <27 and transform precoding is disabled and Table 5.1.3.1-2 is used, or

- 0<Iyes <28 and transform precoding is disabled and a table other than Table 5.1.3.1-2 is used, or

- 0<lyes £27 and transform precoding is enabled, the UE shall first determine the TBS as specified below:
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else if

The UE shall first determine the number of REs (Nge) within the slot:

- A UE first determines the number of REs allocated for PUSCH within a PRB (N ) by

: RB (s PRB PRB . o .
- Nge =Ng *Ngmp = Npyrs =Non, where N8 — 12 is the number of subcarriers in the frequency domain

in a physical resource block, Nss;,]mb is the number of symbols L of the PUSCH allocation according to

Clause 6.1.2.1 for scheduled PUSCH or Clause 6.1.2.3 for configured PUSCH, NZRE. is the number of REs
for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without
data, as described for PUSCH with a configured grant in Clause 6.1.2.3 or as indicated by DCI format 0_1 or
DCI format 0_2 or as described for DCI format 0_0 in Clause 6.2.2, and N 5RE is the overhead configured

. . . , PRB . :
by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the Noh is not configured (a value

PRB . .. PRB .
from 6, 12, or 18), the Noh is assumed to be 0. For Msg3 transmission the Noh is always set to 0.
- A UE determines the total number of REs allocated for PUSCH (N RE) by N, =min (156, N;;E ) N
where npgg is the total number of allocated PRBs for the UE.

- Next, proceed with steps 2-4 as defined in Clause 5.1.3.2

28 < lyes <31 and transform precoding is disabled and Table 5.1.3.1-2 is used, or
28 <l yes <31 and transform precoding is enabled,

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< I ycs <27 . If there is no PDCCH for the same transport block using 0< Iy <27, and if the

initial PUSCH for the same transport block is transmitted with configured grant,
- the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.

- the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.

else

the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< 1,cs <28 . If there is no PDCCH for the same transport block using 0< I,,c5 <28, and if the

initial PUSCH for the same transport block is transmitted with configured grant,
- the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.

- the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.

6.1.5 Code block group based PUSCH transmission

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

If a UE is configured to transmit code block group (CBG) based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission in PUSCH-ServingCellConfig, the UE shall determine the number of CBGs for a
PUSCH transmission as

M =min(N,C),

where N is the maximum number of CBGs per transport block as configured by
maxCodeBlockGroupsPerTransportBlock in PUSCH-ServingCellConfig, and C is the number of code blocks in the
PUSCH according to the procedure defined in Clause 6.2.3 of [5, TS 38.212].

Define My =mod(C,M), K, :[VW ,and K, :{VJ

C C
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If M; >0,CBGm, m=0,.1...,M; —1, consists of code blocks with indices m- K, +k,k =0,1,..., K; —1. CBG m,
m=M;,M, +1,.., M -1, consists of code blocks with indices M, -K; +(m—-M;)-K, +k,k=0.1,..., K, —1.

6.1.5.2 UE procedure for transmitting code block group based transmissions

If a UE is configured to transmit code block group based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission in PUSCH-ServingCellConfig,

- For an initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE
may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted, and the UE shall include
all the code block groups of the TB.

- For a retransmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE shall
include only the CBGs indicated by the CBGTI field of the scheduling DCI.

A bit value of 0" in the CBGT!I field indicates that the corresponding CBG is not to be transmitted and 1" indicates that it
is to be transmitted. The order of CBGTI field bits is such that the CBGs are mapped in order from CBG#0 onwards
starting from the MSB.

6.2 UE reference signal (RS) procedure

6.2.1 UE sounding procedure

The UE may be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the

higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with K >1SRS
resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability [13,
38.306] except when SRS is configured with the higher layer parameter [SRS-for-positioning] in which case the
maximum value of K is 16. The SRS resource set applicability is configured by the higher layer parameter usage in
SRS-ResourceSet. When the higher layer parameter usage is set to 'oeamManagement’, only one SRS resource in each
of multiple SRS sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets
with the same time domain behaviour in the same BWP may be transmitted simultaneously.

For aperiodic SRS at least one state of the DCI field is used to select at least one out of the configured SRS resource
set(s).

The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource.
- srs-Resourceld determines SRS resource configuration identity.

- Number of SRS ports as defined by the higher layer parameter nrofSRS-Ports and described in Clause 6.4.1.4 of
[4, TS 38.211]. If not configured, nrofSRS-Ports is 1.

- Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter resourceType,
which may be periodic, semi-persistent, aperiodic SRS transmission as defined in Clause 6.4.1.4 of [4, TS
38.211].

- Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or
periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be
configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level
periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to ‘aperiodic', a
slot level offset is defined by the higher layer parameter slotOffset except when SRS is configured with the
higher layer parameter [SRS-for-positioning] in which case the slot level offset is defined by the higher layer
parameter slotOffset for each SRS resource.

- Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot
including repetition factor R as defined by the higher layer parameter resourceMapping and described in Clause
6.4.1.4 of [4, TS 38.211]. If R is not configured, then R is equal to the number of OFDM symbols in the SRS
resource.

- SRS bandwidth Bggsand Cggg, as defined by the higher layer parameter freqHopping and described in Clause
6.4.1.4 of [4, TS 38.211]. If not configured, then Bgg = 0.
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- Frequency hopping bandwidth, Bhop: 8 defined by the higher layer parameter freqHopping and described in
Clause 6.4.1.4 of [4, TS 38.211]. If not configured, then Bhop= 0-

- Defining frequency domain position and configurable shift, as defined by the higher layer parameters
freqDomainPosition and freqgDomainShift, respectively, and described in Clause 6.4.1.4 of [4, TS 38.211]. If
freqDomainPosition is not configured, freqDomainPosition is zero.

- Cyclic shift, as defined by the higher layer parameter cyclicShift-n2, cyclicShift-n4, or cyclicShift-n8 for
transmission comb value 2, 4 and 8, respectively, and described in Clause 6.4.1.4 of [4, TS 38.211].

- Transmission comb value as defined by the higher layer parameter transmissionComb described in Clause
6.4.1.4 of [4, TS 38.211].

- Transmission comb offset as defined by the higher layer parameter combOffset-n2, combOffset-n4, or
combOffset-n8 for transmission comb value 2, 4, or 8 respectively, and described in Clause 6.4.1.4 of [4, TS
38.211].

- SRS sequence ID as defined by the higher layer parameter sequenceld in Clause 6.4.1.4 of [4].

- The configuration of the spatial relation between a reference RS and the target SRS, where the higher layer
parameter spatialRelationInfo, if configured, contains the ID of the reference RS. The reference RS may be an
SS/PBCH block, CSI-RS configured on serving cell indicated by higher layer parameter servingCellld if present,
same serving cell as the target SRS otherwise, or an SRS configured on uplink BWP indicated by the higher
layer parameter uplinkBWP, and serving cell indicated by the higher layer parameter servingCellld if present,
same serving cell as the target SRS otherwise. When SRS is configured by the higher layer parameter [SRS-for-
positioning] the reference RS may also be a DL PRS configured on a serving cell, an SS/PBCH block or a DL
PRS of a non-serving cell indicated by a higher layer parameter.

The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource
occupying N < {1,2,4} adjacent symbols within the last 6 symbols of the slot, where all antenna ports of the SRS

resources are mapped to each symbol of the resource. When the SRS is configured with the higher layer parameter
[SRS-for-positioning] the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying
N € {1,2,4,8,12} adjacent symbols anywhere within the slot.

If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS configured by SRS-Resource are
transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of
the PUSCH and the corresponding DM-RS.

If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS
transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter
resourceType in SRS-Resource is set to ‘periodic”:

- if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-
Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for
the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID
of a reference 'csi-RS-Index’, the UE shall transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent
CSI-RS, if the higher layer parameter spatialRelationinfo containing the 1D of a reference 'srs', the UE shall
transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the
reference periodic SRS. When the SRS is configured by the higher layer parameter [SRS-for-positioning] and if
the higher layer parameter spatialRelationInfo contains the ID of a reference 'DL-PRS-Resourceld’, the UE shall
transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the
reference DL PRS.

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter
resourceType in SRS-Resource is set to 'semi-persistent';

- when a UE receives an activation command, as described in clause 6.1.3.17 of [10, TS 38.321], for an SRS
resource, and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to
the PDSCH carrying the activation command is transmitted in slot n, the corresponding actions in [10, TS
38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be
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applied starting from the first slot that is after slot n + 3N /""" where 1 is the SCS configuration for the

PUCCH. The activation command also contains spatial relation assumptions provided by a list of references to
reference signal 1Ds, one per element of the activated SRS resource set. Each ID in the list refers to a reference
SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in
the activation command if present, same serving cell as the SRS resource set otherwise, or SRS resource
configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource
BWP ID field in the activation command if present, same serving cell and bandwidth part as the SRS resource set
otherwise. When the SRS is configured with the higher layer parameter [SRS-for-positioning], each ID in the list
of reference signal IDs may also refer to a reference SS/PBCH block of a non-serving cell or DL PRS of a
serving or non-serving cell indicated by a higher layer parameter.

if an SRS resource in the activated resource set is configured with the higher layer parameter spatialRelationinfo,
the UE shall assume that the ID of the reference signal in the activation command overrides the one configured
in spatialRelationInfo.

when a UE receives a deactivation command [10, TS 38.321] for an activated SRS resource set, and when the
UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the
deactivation command, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of SRS
transmission corresponding to the deactivated SRS resource set shall apply starting from the first slot that is after

slot n + 3N32ITamek where 4 is the SCS configuration for the PUCCH.

slot

if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssbh-
Index’, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for
the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID
of a reference 'csi-RS-Index’, the UE shall transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent
CSI-RS, if the higher layer parameter spatialRelationInfo contains the 1D of a reference 'srs', the UE shall
transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the
reference periodic SRS or of the reference semi-persistent SRS. When the SRS is configured by the higher layer
parameter [SRS-for-positioning] and if the higher layer parameter spatialRelationInfo contains the ID of a
reference 'DL-PRS-Resourceld’, the UE shall transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference DL PRS.

If the UE has an active semi-persistent SRS resource configuration and has not received a deactivation command, the
semi-persistent SRS configuration is considered to be active in the UL BWP which is active, otherwise it is considered
suspended.

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter
resourceType in SRS-Resource is set to ‘aperiodic”:

the UE receives a configuration of SRS resource sets,

the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of
the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to ‘codebook’ or
‘antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic
SRS transmission and the first symbol of SRS resource is N,. Otherwise, the minimal time interval between the
last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N»
+ 14. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing
between the PDCCH and the aperiodic SRS.

If the UE receives the DCI triggering aperiodic SRS in slot n and except when SRS is configured with the higher
layer parameter [SRS-for-positioning], the UE transmits aperiodic SRS in each of the triggered SRS resource

CA CA
2158 J+ K+ {Nslot,oﬁset,PDCCH B N ot offset, SR

2/1PDCCH

set(s) in slot {n- J 2#s | if UE is configured with CA-slot-

2 Hoffset PDCCH 2 Hoffset,SRS

HSRS

2 HPDCCH

offset for at least one of the triggered and triggering cell, K= {n J+ k , otherwise, and where

- ks configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the
subcarrier spacing of the triggered SRS transmission, psrs and pepccr are the subcarrier spacing
configurations for triggered SRS and PDCCH carrying the triggering command respectively;
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N, %*t offset, PDCCH AN Hogsser, ppecy are the N5 ogsee and the sz, , respectively, which are determined by

S

higher-layer configured CA-slot-offset for the cell receiving the PDCCH, Nfﬁ,t‘offset,SRS and Hoffsersrs AT the

Ng{;yoﬁset and the g4 , respectively, which are determined by higher-layer configured CA-slot-offset for the
cell transmitting the SRS, as defined in [4, TS 38.211] clause 4.5.

- If the UE receives the DCI triggering aperiodic SRS in slot n and when SRS is configured with the higher layer
parameter [SRS-for-positioning], the UE transmits every aperiodic SRS resource in each of the triggered SRS

- 21RS Nsclzc/;\t,offset,PDCCH Ns%\t,offset,SRS
resource set(s) in slot | n- +k+ - -2#%s | where

2 HPDCCH 2 Hoffset, PDCCH 2 Hoffset, SRS

- kis configured via higher layer parameter slotOffset for each aperiodic SRS resource in each triggered SRS
resources set and is based on the subcarrier spacing of the triggered SRS transmission, psrs and tppcch are
the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command
respectively;

- N§& offser and the sz for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5.

- if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-

Index’, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for

the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID

of a reference 'csi-RS-Index’, the UE shall transmit the target SRS resource with the same spatial domain

transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent

CSI-RS, or of the latest reference aperiodic CSI-RS. If the higher layer parameter spatialRelationinfo contains

the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain

transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent

SRS or of the reference aperiodic SRS. When the SRS is configured by the higher layer parameter [SRS-for-

positioning] and if the higher layer parameter spatialRelationinfo contains the ID of a reference 'DL-PRS-

Resourceld', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used

for the reception of the reference DL PRS.

- when a UE receives an spatial relation update command, as described in clause 6.1.3.xx of [10, TS 38.321], for
an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is
transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial
relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot

n + 3NSUPITameR [The update command contains spatial relation assumptions provided by a list of references to
reference signal 1Ds, one per element of the updated SRS resource set. Each ID in the list refers to a reference
SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in
the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured
on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP 1D
field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise.]
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to ‘antennaSwitching',
the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS

resource set.

The UE is not expected to be configured with different time domain behavior for SRS resources in the same SRS
resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource
and associated SRS resources set.

For single carrier operations, the UE does not expect to be configured on overlapping symbols with a SRS resource
configured by the higher layer parameter [SRS-for-positioning] and a SRS resource configured by the higher layer
parameter SRS-Resource with resourceType of both SRS resources as 'periodic'.

For single carrier operations, the UE does not expect to be triggered to transmit SRS on overlapping symbols with a
SRS resource configured by the higher layer parameter [SRS-for-positioning] and a SRS resource configured by the
higher layer parameter SRS-Resource with resourceType of both SRS resources as 'semi-persistent’ or ‘aperiodic'.

The SRS request field [5, TS38.212] in DCI format 0_1, 1 1, 0_2 (if SRS request field is present), 1 2 (if SRS request
field is present) indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [5, TS 38.212]. The 2-bit SRS
request field [5, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Clause 7.3 of [5, TS
38.212] if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB', or indicates the SRS
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transmission on a set of serving cells configured by higher layers if the UE is configured with higher layer parameter
srs-TPC-PDCCH-Group set to 'typeA'.

For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are
configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-
SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is
triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined
in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the
SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS
is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI
report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s).

In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and
PUCCH/PUSCH transmissions are not allowed, a UE is not expected to be configured with SRS from a carrier and
PUSCH/UL DM-RS/UL PT-RS/PUCCH formats from a different carrier in the same symbol.

In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and
PRACH transmissions are not allowed, a UE shall not transmit simultaneously SRS resource(s) from a carrier and
PRACH from a different carrier.

In case a SRS resource with resourceType set as ‘aperiodic' is triggered on the OFDM symbol(s) configured with
periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the
periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-
persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS
resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS
transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping
within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent
SRS resource are transmitted.

When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to ‘antennaSwitching', and a
guard period of Y symbols is configured according to Clause 6.2.1.2, the UE shall use the same priority rules as defined
above during the guard period as if SRS was configured.

When a spatialRelationInfo is activated/updated for a semi-persistent or aperiodic SRS resource configured by the
higher layer parameter SRS-Resource by a MAC CE for a set of CCs/BWPs, where the applicable list of CCs is
indicated by higher layer parameter [applicableCellList], the spatialRelationInfo is applied for the semi-persistent or
aperiodic SRS resource(s) with the same SRS resource ID for all the BWPs in the indicated CCs.

When the higher layer parameter enableDefaultBeamPIForSRS is set ‘enabled’, and if the higher layer parameter
spatialRelationlnfo for the SRS resource, except for the SRS resource with the higher layer parameter usage in SRS-
ResourceSet set to 'beamManagement’ or for the SRS resource with the higher layer parameter usage in SRS-
ResourceSet set to 'nonCodebook' with configuration of associatedCSI-RS or for the SRS resource configured by the
higher layer parameter [SRS-for-positioning], is not configured in FR2 and if the UE is not configured with higher layer
parameter(s) pathlossReferenceRS, the UE shall transmit the target SRS resource

- with the same spatial domain transmission filter used for the reception of the CORESET with the lowest
controlResourceSetld in the active DL BWP in the CC.

- with the same spatial domain transmission filter used for the reception of the activated TCI state with the lowest
ID applicable to PDSCH in the active DL BWP of the CC if the UE is not configured with any CORESET in the
cC

6.2.1.1 UE SRS frequency hopping procedure

For a given SRS resource, the UE is configured with repetition factor Re{1,2,4} by higher layer parameter
resourceMapping in SRS-Resource where R<Ns. When frequency hopping within an SRS resource in each slot is not
configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the N, symbols to the

same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is
configured without repetition (R=1), according to the SRS hopping parameters Bgzs, Cgrgand bhopdefined in Clause

6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of
subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers.
When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2), each of
the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R
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adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters
Bsrs » Csrs @nd Bhop-

A UE may be configured N, =2 or 4 adjacent symbol aperiodic SRS resource with intra-slot frequency hopping
within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across N, symbols
when frequency hopping is configured with R=1. A UE may be configured N, =4 adjacent symbols aperiodic SRS

resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with
an equal-size subband across two pairs of R adjacent OFDM symbols, when frequency hopping is configured with R=2.
Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent
OFDM symbols of the resource.

A UE may be configured N, =1 symbol periodic or semi-persistent SRS resource with inter-slot hopping within a

bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured
N, =2 or 4 symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth

part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns=4, when frequency
hopping is configured with R=2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS
resource mapped to different sets of subcarriers across two pairs of R adjacent OFDM symbol(s) of the resource in each
slot. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R
adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot
frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of
subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.

6.2.1.2 UE sounding procedure for DL CSI acquisition

When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as ‘antennaSwitching', the UE
may be configured with only one of the following configurations depending on the indicated UE capability
supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1rl-t1r2' for 1”T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1rl-t1r2-
tlrd' for 1”T=1R/1T2R/1T4R, 't1r4-t2r4' for 1TAR/2T4R, 't1rl-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1rl1-t1r2-
t2r2-t1r4-t2r4' for 1T=1R/1T2R/2T=2R/1T4R/2T4R, 't1rl' for 1T=1R, 't2r2' for 2T=2R, 't1rl-t2r2' for 1T=1R/2T=2R,
't4r4' for AT=4R, or 't1rl-t2r2-t4r4' for 1”T=1R/2T=2R/4T=4R):

- For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter
resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols,
each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the
set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or

- For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter
resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in
different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the
second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or

- For 1T4R, zero or one SRS resource set configured with higher layer parameter resourceType in SRS-
ResourceSet set to ‘periodic' or 'semi-persistent’ with four SRS resources transmitted in different symbols, each
SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with
a different UE antenna port, and

- For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-
ResourceSet set to ‘aperiodic' and with a total of four SRS resources transmitted in different symbols of two
different slots, and where the SRS port of each SRS resource in the given two sets is associated with a different
UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one
SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are
both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-
PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value of the higher layer
parameter aperiodicSRS-ResourceTrigger or the value of an entry in AperiodicSRS-ResourceTriggerList in each
SRS-ResourceSet is the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is
different. Or,

- For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of
SRS ports for each resource is equal to 1, 2, or 4.

The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case
the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
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The UE shall expect to be configured with the same number of SRS ports for all SRS resources in the SRS resource
set(s) with higher layer parameter usage set as 'antennaSwitching'.

For 1T2R, 1T4R or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set
with higher layer parameter usage set as 'antennaSwitching' in the same slot. For IT=1R, 2T=2R or 4T=4R, the UE
shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage
set as 'antennaSwitching' in the same symbol.

The value of Y is defined by Table 6.2.1.2-1.

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for
antenna switching

H Af = 2#.15[kHZ] Y [symbol]

0 15 1

1 30 1

2 60 1

3 120 2
6.2.1.3 UE sounding procedure between component carriers

For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH
transmission, the UE shall not transmit SRS whenever SRS transmission (including any interruption due to uplink or
downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying
HARQ-ACK/positive SR/RI/CRI and/or PRACH happen to overlap in the same symbol_and that can result in uplink
transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].

For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH
transmission, the UE shall not transmit a periodic/semi-persistent SRS whenever periodic/semi-persistent SRS
transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by
higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving
cell and PUSCH transmission carrying aperiodic CSI happen to overlap in the same symbol and that can result in uplink
transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].

For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH
transmission, the UE shall drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI, and/or
SRS transmission on another serving cell configured for PUSCH/PUCCH transmission whenever the transmission and
SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by
higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the serving cell happen to
overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier
aggregation capability included in [13, TS 38.306].

For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH
transmission, the UE shall drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI whenever the
transmission and aperiodic SRS transmission (including any interruption due to uplink or downlink RF retuning time
[11, TS 38.133]) as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-
SwitchingTimeNR) on the carrier of the serving cell happen to overlap in the same symbol and that can result in uplink
transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].

For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeA', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of
the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving
cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource
set(s) with higher layer parameter usage set to ‘antennaSwitching' and higher layer parameter resourceType in SRS-
ResourceSet set to ‘aperiodic'.

For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the
serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving
cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to ‘antennaSwitching'
and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
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A UE can be configured with SRS resource(s) on a carrier ¢; with slot formats comprised of DL and UL symbols and
not configured for PUSCH/PUCCH transmission. For carrier ¢, the UE is configured with higher layer parameter srs-
SwitchFromServCellindex and srs-SwitchFromCarrier the switching from carrier ¢, which is configured for
PUSCH/PUCCH transmission. During SRS transmission on carrier c; (including any interruption due to uplink or
downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of srs-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier ca.

If the UE is not configured for PUSCH/PUCCH transmission on carrier ¢; with slot formats comprised of DL and UL
symbols, and if the UE is not capable of simultaneous reception and transmission on carrier ¢; and serving cell ¢, the
UE is not expected to be configured or indicated with SRS resource(s) such that SRS transmission on carrier ¢;
(including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer
parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) would collide with the REs
corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated
by MIB or SIB1 on serving cell c.

For n-th (n > 1) aperiodic SRS transmission on a cell ¢, upon detection of a positive SRS request on a grant, the UE shall commence
this SRS transmission on the configured symbol and slot provided

- itis no earlier than the summation of

- the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of
cell ¢ and the cell carrying the grant respectively, and

- the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of srs-SwitchingTimeNR,

- it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.

otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit
of symbols, between the DCI triggering and aperiodic SRS transmission.

In case of inter-band carrier aggregation, a UE can simultaneously transmit SRS and PUCCH/PUSCH across
component carriers in different bands subject to the UE's capability.

In case of inter-band carrier aggregation, a UE can simultaneously transmit PRACH and SRS across component carriers
in different bands subject to UE's capability.

6.2.1.4 UE sounding procedure for positioning purposes

When the SRS is configured by the higher layer parameter [SRS-for-positioning] and if the higher layer parameter
spatialRelationInfo is configured, it contains the ID of the configuration fields of a reference RS according to Clause
6.3.2 of [TS 38.331]. The reference RS can be an SRS configured by the higher layer parameter SRS-Config or [SRS-
for-positioning], CSI-RS, SS/PBCH block, or a DL PRS configured on a serving cell or a SS/PBCH block or a DL PRS
configured on a non-serving cell.

The UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol.

If the UE is not configured with the higher layer parameter spatialRelationInfo the UE may use a fixed spatial domain
transmission filter for transmissions of the SRS configured by the higher layer parameter [SRS-for-positioning] across
multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources.

The UE is only expected to transmit an SRS configured the by the higher layer parameter [SRS-for-positioning] within
the active UL BWP of the UE.

When the configuration of SRS is done by the higher layer parameter [SRS-for-positioning], the UE can only be
provided with a single RS source in spatialRelationInfo per SRS resource.

If an SRS configured by the higher parameter [SRS-for-positioning] collides with a scheduled PUSCH, the SRS is
dropped in the symbols where the collision occurs.

6.2.2 UE DM-RS transmission procedure

When transmitted PUSCH is neither scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-
CSI-RNTI or MCS-C-RNTI, nor corresponding to a configured grant, nor being a PUSCH for Type-2 random access
procedure. the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the
remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with
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allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be
transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211]
for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled,
and

If frequency hopping is disabled:

- The UE shall assume dmrs-AdditionalPosition equals to 'pos2' and up to two additional DM-RS can be
transmitted according to PUSCH duration, or

If frequency hopping is enabled:

- The UE shall assume dmrs-AdditionalPosition equals to 'pos1' and up to one additional DM-RS can be
transmitted according to PUSCH duration.

When transmitted PUSCH is scheduled by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE shall
use single symbol front-loaded DM-RS of configuration type provided by higher layer parameter dmrs-Type in
configuredGrantConfig on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for
any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform
precoding disabled, and additional DM-RS with dmrs-AdditionalPosition from configuredGrantConfig can be
transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211]
for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled.

For the UE-specific reference signals generation as defined in Clause 6.4.1.1 of [4, TS 38.211], a UE can be configured
by higher layers with one or two scrambling identity(s), npy " i = 0,1 which are the same for both PUSCH mapping

Type A and Type B.

When transmitted PUSCH is scheduled by DCI format 0 1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI
or MCS-C-RNTI, or corresponding to a configured grant, or being a PUSCH for Type-2 random access procedure,

- the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured
DM-RS configuration type is used for transmitting PUSCH in as defined in Clause 6.4.1.1 of [4, TS 38.211]. For
MsgA PUSCH transmissions, dmrs-Type is type 1.

- the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher
layer parameter maxLength in DMRS-UplinkConfig, or by higher layer parameter msgA-MaxLength in msgA-
DMRS-Configuration,

- if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by
the configured grant configuration, and the UE can be configured with a number of additional DM-RS for
PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0', 'posl’, 'pos2', 'pos3".

- if maxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the
UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number
of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPasition, which can be 'pos0’ or
'posl'.

- for msgA PUSCH for Type-2 random access procedure the UE can be configured with a number of
additional DM-RS for PUSCH by higher layer parameter msgA-DMRS-AdditionalPosition, which can be
'pos0’, 'posl’, 'pos2', 'pos3’ for single-symbol DM-RS or 'pos0’, 'posl' for double-symbol DM-RS.

- and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table
6.4.1.1.3-4 in -Clause 6.4.1.1.3 of [4, TS 38.211].

If a UE transmitting PUSCH is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig,
the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH

- any DM-RS ports among 4-7 or 6-11 for DM-RS configurations type 1 and type 2, respectively are scheduled for
the UE and PT-RS is transmitted from the UE.

For PUSCH scheduled by DCI format 0_1, by activation DCI format 0_1 with CRC scrambled by CS-RNTI, or
configured by configured grant Type 1 configuration, the UE shall assume the DM-RS CDM groups indicated in Tables
7.3.1.1.2-6 t0 7.3.1.1.2-23 of Clause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where "1", "2" and "3"
for the number of DM-RS CDM group(s) correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
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For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE
shall assume the number of DM-RS CDM groups without data is 1 which corresponds to CDM group 0 for the case of
PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, the UE shall assume
that the number of DM-RS CDM groups without data is 3 which corresponds to CDM group {0,1,2} for the case of
PUSCH scheduled by activation DCI format 0_0 and the dmrs-Type in cg-DMRS-Configuration equal to 'type2' and the
PUSCH allocation duration being more than 2 OFDM symbols, and the UE shall assume that the number of DM-RS
CDM groups without data is 2 which corresponds to CDM group {0,1} for all other cases.

For MsgA PUSCH transmission, if the UE is not configured with msgAPUSCHDMRSCDMgroup, the UE shall assume
that 2 DM-RS CDM groups are configured. Otherwise, msgAPUSCHDMRSCDMgroup indicates which DM-RS CDM
group to use from the set of {0,1}.

For MsgA PUSCH transmission, if the UE is not configured with msgAPUSCHNrOfPort, the UE shall assume that 4
ports are configured per DM-RS CDM groups. Otherwise, msgAPUSCHNrOfPort with value of 0 indicates the first port
per DM-RS CDM group, while a value of 1 indicates the first two ports per DM-RS CDM group.

For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE ( Bpyrs [dB]) is
given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data. The DM-RS scaling factor

_ Powrs

ﬂfu“gﬁi specified in clause 6.4.1.1.3 of [4, TS 38.211] is given by By, =10 2

Table 6.2.2-1: The ratio of PUSCH EPRE to DM-RS EPRE

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

For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based
on the allocation duration of the actual repetition. A UE is not expected to be indicated with an antenna port
configuration that is invalid for the allocated duration of any actual repetition.

6.2.3 UE PT-RS transmission procedure

If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not
transmit PT-RS. The PTRS is only present on PUSCH scheduled by PDCCH with CRC scrambled by MCS-C-RNTI,
C-RNTI, CS-RNTI, SP-CSI-RNTI and on PUSCH corresponding to a configured grant. For PUSCH repetition Type B,
the PT-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the
actual repetition.

6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled

When transform precoding is not enabled and if a UE is configured with the higher layer parameter phaseTrackingRS in
DMRS-UplinkConfig,

- the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig indicate the threshold
values ptrs-MCS;, i=1,2,3 and Ngg,i , i=0,1, as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively.

- if either or both higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig are
configured, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the
corresponding scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table
6.2.3.1-1 and Table 6.2.3.1-2, respectively,

- if the higher layer parameter timeDensity is not configured, the UE shall assume Lpt.rs = 1.
- if the higher layer parameter frequencyDensity is not configured, the UE shall assume Kpr.rs = 2.

- if none of the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig are configured,
the UE shall assume Lpr.rs = 1 and Kprrs = 2.
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Table 6.2.3.1-1: Time density of PT-RS as a function of scheduled MCS

Scheduled MCS

Time density(Lpr_ps)

Imcs < ptrs-MCS1

PT-RS is not present

3GPP TS 38.214 V16.1.0 (2020-03)

ptrs-MCS1 < lucs < ptrs-MCS2 4
ptrs-MCS2 < lvcs < ptrs-MCS3 2
ptrs-MCS3 < lvcs < ptrs-MCS4 1

Table 6.2.3.1-2: Frequency density of PT-RS as a function of scheduled bandwidth

Scheduled bandwidth Frequency density (Kpr_gs)

Nre < NRrso PT-RS is not present
Nreo < Nre < Nra1 2
4

Nre: < Ngre

The higher layer parameter PTRS-UplinkConfig provides the parameters ptrs-MCS;, i=1,2,3 and with values in 0-29
when MCS Table 5.1.3.1-1 is used and 0-28 when MCS Table 5.1.3.1-2 is used, respectively. ptrs-MCS4 is not
explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 is used and 28 when MCS Table
5.1.3.1-2 is used. The higher layer parameter PTRS-UplinkConfig provides the parameters Ngrgi i=0,1 with values in
range 1-276.

If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCS; = ptrs-MCS;.1,
then the time density Lprrs Of the associated row where both these thresholds appear in Table 6.2.3.1-1 is disabled. If the
higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds Ngg;i =
Nre,i+1, then the frequency density Kprrs Of the associated row where both these thresholds appear in Table 6.2.3.1-2 is
disabled.

If either or both of the parameters PT-RS time density (Ler-rs) and PT-RS frequency density (Ker-rs), Shown in Table
6.2.3.1-1 and Table 6.2.3.1-2, indicates that are configured as 'PT-RS not present', the UE shall assume that PT-RS is
not present.

When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols or less, and if Lprrs is set to 2 or 4,
the UE shall not transmit PT-RS. When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols or
less, and if Lpr-gs is set to 4, the UE shall not transmit PT-RS.

When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with Zics > V, where V = 28 for
MCS Table 5.1.3.1-1 and MCS Table 5.1.3.1-3 and V = 27 for MCS Table 5.1.3.1-2, respectively, the MCS for PT-RS
time-density determination is obtained from the DCI for the same transport block in the initial transmission, which is
smaller than or equal to V.

The maximum number of configured PT-RS ports is given by the higher layer parameter maxNrofPorts in PTRS-
UplinkConfig. The UE is not expected to be configured with a larger number of UL PT-RS ports than it has reported
need for.

If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL
PT-RS ports to be configured as one if UL-PTRS is configured.

For codebook or non-codebook based UL transmission, the association between UL PT-RS port(s) and DM-RS port(s)
is signalled by PTRS-DMRS association field in DCI format 0_1. For a PUSCH corresponding to a configured grant
Type 1 transmission, the UE may assume the association between UL PT-RS port(s) and DM-RS port(s) defined by
value 0 in Table 7.3.1.1.2-25 or value "00" in Table 7.3.1.1.1.2-26 described in Clause 7.3.1 of [5, TS38.212].

For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0, the UL PT-RS port is associated to DM-RS
port 0.

For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on
SRI(s) in DCI format 0_1 or higher layer parameter sri-Resourcelndicator in rrc-ConfiguredUplinkGrant. A UE is
configured with the PT-RS port index for each configured SRS resource by the higher layer parameter ptrs-Portindex
configured by SRS-Config if the UE is configured with the higher layer parameter phaseTrackingRS in DMRS-
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UplinkConfig. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports
are associated to the one UL PT-RS port.

For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is
determined based on TPMI and/or number of layers which are indicated by Precoding information and number of
layers field in DCI format 0_1 or configured by higher layer parameter precodingAndNnumberOfLayers:

- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the
actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:

- PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and
1003 in indicated TPMI share PT-RS port 1.

- UL PT-RS port 0 is associated with the UL layer [x] of layers which are transmitted with PUSCH antenna
port 1000 and PUSCH antenna port 1002 in indicated TPMI, and UL PT-RS port 1 is associated with the
UL layer [y] of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port
1003 in indicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as
shown in DCI format 0_1 described in Clause 7.3.1 of [5, TS38.212].

When the UE is scheduled with Q,={1,2} PT-RS port(s) in uplink and the number of scheduled layers is n.Z)L,JeSrCH ,

- If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per

RE pluoeH isgiven by pPuseH — o PuSCH[dB], where o SHSEH is shown in the Table 6.2.3.1-3 according to

the higher layer parameter ptrs-Power, the PT-RS scaling factor s specified in clause 6.4.1.2.2.1 of [4, TS

PUSCH
_PPTRS

38.211] isgiven by B, =10
DCI.

and also on the Precoding Information and Number of Layers field in

- The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3 if not configured
or in case of non-codebook based PUSCH.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE o SH5eH

The number of PUSCH layers ( n;;JeS,CH )
UL- 1 2 3 4
PTRS- All Full Partial and Full Partial and Full Partial Non-
power/ | cases coherent non- coherent non- coherent coherent | coherent
PUSCH coherent coherent and and non-
PTRS and non- non- codebook
codebook codebook based
based based
00 0 3 3Qp-3 4.77 3Qp-3 6 3Qp 3Qp-3
01 0 3 3 4.77 4.77 6 6 6
10 Reserved
11 Reserved
6.2.3.2 UE PT-RS transmission procedure when transform precoding is enabled

When transform precoding is enabled and if a UE is configured with the higher layer parameter
transformPrecoderEnabled in PTRS-UplinkConfig,

- the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS
antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a
corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the
number of scheduled RBs is less than Nggo if Nrgo > 1 or if the RNTI equals TC-RNTI.

- and the UE may be configured PT-RS time density Lprrs = 2 with the higher layer parameter
timeDensityTransformPrecoding. Otherwise, the UE shall assume Lpr.gs = 1.

- if the higher layer parameter sampleDensity indicates that the sample density thresholds Ngg,i = Nrs,i+1, then the
associated row where both these thresholds appear in Table 6.2.3.2-1 is disabled.
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Table 6.2.3.2-1: PT-RS group pattern as a function of scheduled bandwidth

Number of samples

Scheduled bandwidth Number of PT-RS groups per PT-RS group

Nreo < Nre < Nre1
Nrez < Nre < Nrez
Nrez2 < Nre < Nres
Nres < Nre < Nres
Nres < Nre

o | M NN
Al BN BN

When transform precoding is enabled and if a UE is configured with the higher layer parameter
transformPrecoderEnabled in PTRS-UplinkConfig, the PT-RS scaling factor g' specified in Clause 6.4.1.2.2.2 of [4, TS
38.211] is determined by the scheduled modulation order as shown in table 6.2.3.2-2.

Table 6.2.3.2-2: PT-RS scaling factor (8') when transform precoding enabled.

Scheduled modulation | PT-RS scaling factor (B8')
/2-BPSK 1
QPSK 1
16QAM 3/\5
64QAM 721
256QAM 15/./85

6.3 UE PUSCH frequency hopping procedure
6.3.1 Frequency hopping for PUSCH repetition Type A

For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH,
or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter
frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by
frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and
by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency
hopping modes can be configured:

- Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
In case of resource allocation type 2, the UE transmits PUSCH without frequency hopping.

In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE
may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a
random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher
layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When
frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].

For a PUSCH scheduled by RAR UL grant, fallbackRAR UL grant, or by DCI format 0_0 with CRC scrambled by TC-
RNTI, frequency offsets are obtained as described in clause 8.3 of [6, TS 38.213]. For a PUSCH scheduled by DCI
format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_0/0_1 and for resource
allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-
Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type2 configured UL grant activated by
DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter
frequencyHoppingOffsetLists-ForDCIFormat0_2 in pusch-Config.

- When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in
the UL grant.
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- When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets
is indicated in the UL grant.

For PUSCH based on a Typel configured UL grant the frequency offset is provided by the higher layer parameter
frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.

For a MsgA PUSCH the frequency offset is provided by the higher layer parameter as described in [6, TS 38.213.

In case of intra-slot frequency hopping, the starting RB in each hop is given by:

RB,. i=0
RBstan = size H '

(RBy +RB g Jmod Ngi,  i=1
where i=0 and i=1 are the first hop and the second hop respectively, and RBg, is the starting RB within the UL BWP,
as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2)
and RB ¢ IS the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is

PUSCH,s PUSCH,s _

given by \_Nsymb /ZJ, the number of symbols in the second hop is given by N \_N;,L.JnstH’s /ZJ, where N7

is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping, the starting RB during slot n# is given by:

, RB n mod2=0
RBstart(”é ): san size S,u _1'
(RBstart + I:QBoffset)mOd N BWP Ng mod2=1

where n# is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,
RB, IS the starting RB within the UL BWP, as calculated from the resource block assignment information of resource
allocation type 1 (described in Clause 6.1.2.2.2) and RB 4 IS the frequency offset in RBs between the two frequency
hops.

6.3.2 Frequency hopping for PUSCH repetition Type B

For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH,
or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter
frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by
frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format
0_1, and by frequencyHopping-PUSCHRepTypeB provided in rrc-ConfiguredUplinkGrant for Type 1 configured
PUSCH transmission. The frequency hopping mode for Type 2 configured PUSCH transmission follows the
configuration of the activating DCI format. One of two frequency hopping modes can be configured:

- Inter-repetition frequency hopping
- Inter-slot frequency hopping

In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE
may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set
to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping-
PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is
enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].

For a PUSCH scheduled by DCI format 0_1 or a PUSCH based on a Type 2 configured UL grant activated by DCI
format 0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter
frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a
Type 2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are
configured by higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 in pusch-Config.

- When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in
the UL grant.

- When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets
is indicated in the UL grant.
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For PUSCH based on a Typel configured UL grant the frequency offset is provided by the higher layer parameter
frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.

In case of inter-repetition frequency hopping, the starting RB for an actual repetition within the n-th nominal repetition
(as defined in Clause 6.1.2.1) is given by:

RB__ nmod2 =0

RB,_ (n)=1 . !
o (") =|(RB,,, +RB,q, )mod N5, mmod2=1

where RBgiart is the starting RB within the UL BWP, as calculated from the resource block assignment information of
resource allocation type 1 (described in Clause 6.1.2.2.2) and RBossset iS the frequency offset in RBs between the two
frequency hops.

In case of inter-slot frequency hopping, the starting RB during slot n# follows that of inter-slot frequency hopping for
PUSCH Repetition Type A in Clause 6.3.1.

6.4 UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot
offset K, and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is
no earlier than at symbol Ly, where L is defined as the next uplink symbol with its CP starting

T ., =max ((N2 +d,,)(2048+144) - k27" .T_,d,, ) after the end of the reception of the last symbol of the

proc,2

PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block.

- Nz is based on p of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where p
corresponds to the one of (oL, Hu) resulting with the largest Tyroc2, Where the ppL corresponds to the subcarrier
spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and
MuL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and
x is defined in clause 4.1 of [4, TS 38.211].

- If the first symbol of the PUSCH allocation consists of DM-RS only, then dz1 = 0, otherwise dj,1 = 1.

- If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation
further includes the effect of timing difference between component carriers as given in [11, TS 38.133].

- If the scheduling DCI triggered a switch of BWP, d» equals to the switching time as defined in [11, TS 38.133],
otherwise d2=0.

- For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for
the cell and set to enable,

- If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block
is multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the transport block is
transmitted on the PUSCH indicated by the DCI.

Otherwise the UE may ignore the scheduling DCI.

The value of T is used both in the case of normal and extended cyclic prefix.

proc,2

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1

PUSCH preparation time N2 [symbols]

10
12
23
36

wN|klo|T
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Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2

M PUSCH preparation time Nz [symbols]
0 5
1 55
2 11 for frequency range 1
7 UE procedures for transmitting and receiving on a

carrier with intra-cell guard bands

For operation with shared spectrum channel access, when the UE is configured with any of intraCellGuardBandUL-r16
for UL carrier and intraCellGuardBandDL-r16 for DL carrier, the UE is provided with Nzg_c.; — 1 intra-cell guard
bands on a carrier, each defined by start and end CRB, GBS**** and GB"™** , respectively. The intra-cell guard bands
separate Ngp_s0c RB-sets, each defined by start and end CRB, RBS*““* and RBS"“*, respectively. UE determines

start,u __ start,u end,u _ start,u size,u .. end,u __
RB = Ngig "+ RBygy- -1 = Ngrig © + Ngiiq™ » and the remaining start and end CRBs as RB ;™" =

GBI —1and RBIY " = GBY"™* + 1. When the UE is not configured with intraCellGuardBandUL-r16, the UE
determines intra-cell guard band and cprresponding RB-set according to the [default intra-cell GB pattern from 38.101
corresponding to 1 and carrier size N,,;3*]. When the UE is not configured with intraCellGuardBandDL-r16, the UE
determines intra-cell guard band and cprresponding RB-set according to the [default intra-cell GB pattern from 38.101
corresponding to 1« and carrier size Ny :4*].

For a carrier with intra-carrier guard bands, the UE does not expect to receive a BWP configuration by BWP-Downlink
or BWP-Uplink partially overlapping with a RB-set. RB-sets within BWP form a set Sgp_s¢s Of cardinality NZYZ,.

[The configuration of intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 can indicate to the UE that no intra-
cell guard-bands are configured.]

8 Physical sidelink shared channel related procedures

A UE can be configured by higher layers with one or more sidelink resource pools. A sidelink resource pool can be for
transmission of PSSCH, as described in Clause 8.1, or for reception of PSSCH, as described in Clause 8.3 and can be
associated with either sidelink resource allocation mode 1 or sidelink resource allocation mode 2.

In the frequency domain, a sidelink resource pool consists of numSubchannel contiguous sub-channels. A sub-channel
consists of subchannelsize contiguous PRBs, where numSubchannel and subchannelsize are higher layer parameters.

8.1 UE procedure for transmitting the physical sidelink shared
channel
Each PSSCH transmission is associated with an PSCCH transmission.

That PSCCH transmission carries the 1%t stage of the SCI associated with the PSSCH transmission; the 2" stage of the
associated SCI is carried within the resource of the PSSCH.

If the UE transmits SCI format 0-1 on PSCCH according to a PSCCH resource configuration in slot n and PSCCH
resource m, then for the associated PSSCH transmission in the same slot

- one transport block is transmitted with up to two layers;
- The number of layers (v) is determined according to the "Number of DMRS port" field in the SCI

- The set of consecutive symbols within the slot for transmission of the PSSCH is determined according to clause
8.1.2.1;

- The set of contiguous resource blocks for transmission of the PSSCH is determined according to clause 8.1.2.2;
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Transform precoding is not supported for PSSCH transmission.

Only wideband precoding is supported for PSSCH transmission.

The DM-RS antenna ports lLﬁc,...:ﬁ;.—; { in Clause 8.4.1.1.1 of [4, TS38.211] are determined according to the ordering of
DM-RS port(s) given by Tables 8.3.1.1-1 in Clause 8.3.1.1 of [5, TS 38.212].

The UE shall set the contents of the SCI format 0_2 as follows:

the UE shall determine "Zone ID" field as indicated by higher layers.

the UE shall set the "Communication range requirement" field as indicated by higher layers.

8.1.1 Transmission schemes

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

PSSCH transmission is performed with up to two antenna ports, with antenna ports 1000-1001 as defined in clause 8.2.4
of [4, TS 38.211].

8.1.2 Resource allocation

In sidelink resource allocation mode 1:

for PSSCH and PSCCH transmission, dynamic grant, configured grant type 1 and configured grant type 2 are
supported.

8.1.21 Resource allocation in time domain

The UE shall transmit the PSSCH in the same slot as the associated PSCCH.

The minimum resource allocation unit in the time domain is a slot.

The UE shall transmit the PSSCH in consecutive symbols within the slot, subject to the following restrictions:

The UE shall not transmit PSSCH in symbols which are not configured for sidelink. A symbol is configured for
sidelink, according to higher layer parameters startSLsymbols and lengthSLsymbols, where startSLsymbols is the
symbol index of the first symbol of lengthSLsymbols consecutive symbols configured for sidelink.

Within the slot, PSSCH resource allocation starts at symbol startSLsymbols+1.

The UE shall not transmit PSSCH in symbols which are configured for use by PSFCH, if PSFCH is configured
in this slot.

The UE shall not transmit PSSCH in the last symbol configured for sidelink.

The UE shall not transmit PSSCH in the symbol immediately preceding the symbols which are configured for
use by PSFCH, if PSFCH is configured in this slot.

In sidelink resource allocation mode 1:

For sidelink dynamic grant, the PSSCH transmission is scheduled by a DCI format 3_0.
For sidelink configured grant type 2, the configured grant is activated by a DCI format 3_0.
For sidelink dynamic grant and sidelink configured grant type 2:

- The "Time gap" field value m of the DCI format 3_0 provides an index m + 1 into a slot offset table. That
table is given by higher layer parameter timeGapFirstSidelinkTransmission and the table value at index m + 1
will be referred to as slot offset K; .

- The slot of the first sidelink transmission scheduled by the DCI is the first SL slot of the corresponding
resource pool that starts not earlier than Ty — T;—A + Kg; X Ty, Where Ty, is starting time of the downlink
slot carrying the corresponding DCI, Ty, is the timing advance value and K is the slot offset between the

3GPP



Release 16 143 3GPP TS 38.214 V16.1.0 (2020-03)

slot DCI and the first sidelink transmission scheduled by DCI, T, is as defined in 38.211, and Ty is the SL
slot duration.

- For sidelink configured grant type 1:

- The slot of the first sidelink transmissions follows the higher layer configuration according to [10, TS
38.321].

8.1.2.2 Resource allocation in frequency domain
The resource allocation unit in the frequency domain is the sub-channel.

The sub-channel assignment for sidelink transmission is determined using the "Frequency resource assignment"” field in
the associated SCI.

The lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH
is transmitted.

If a PSSCH scheduled by a PSCCH would overlap with resources containing the PSCCH, the resources corresponding
to a union of the PSCCH that scheduled the PSSCH and associated PSCCH DM-RS are not available for the PSSCH.

8.1.3 Modulation order, target code rate, redundancy version and
transport block size determination

8.1.3.1 Modulation order and target code rate determination
Imcs IS given by the "Modulation and coding scheme™ field in SCI format 0-1.

The MCS table is determined as follows: one out of Table 5.1.3.1-1, Table 5.1.3.1-2, Table 5.1.3.1-3 according to
higher layer parameter mcs-Table-SL in resource pool configuration [ or field [TBD] in the SCI or higher layer
indication].

The UE shall use Iucs and the MCS table determined according to the previous step to determine the modulation order
(Qm) and Target code rate (R) used in the physical sidelink shared channel.

8.1.3.2 Transport block size determination

The UE shall first determine the number of REs (Nge) within the slot.

8.1.4 UE procedure for determining the subset of resources to be reported
to higher layers in PSSCH resource selection in sidelink resource
allocation mode 2

In resource allocation mode 2, the higher layer can request the UE to determine a subset of resources from which the

higher layer will select resources for PSSCH/PSCCH transmission. To trigger this procedure, in slot n, the higher layer
provides the following parameters for this PSSCH/PSCCH transmission:

- the resource pool from which the resources are to be reported;

L1 priority, priory;
- the remaining packet delay budget;

- the number of sub-channels to be used for the PSSCH/PSCCH transmission in a slot, Lg,cp;

optionally, the resource reservation interval, Py, 1x, in units of ms.

The following higher layer parameters affect this procedure:

- t2min_SelectionWindow: internal parameter T,,,;, is set to the corresponding value from higher layer parameter
t2min_SelectionWindow for the given value of prio;y.
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SL-ThresRSRP_pi_pj: this higher layer parameter provides an RSRP threshold for each combination (pi, pj),
where p; is the value of the priority field in a received SCI format 0-1 and p; is the priority of the transmission of
the UE selecting resources; for a given invocation of this procedure, p; = priory.

RSforSensing selects if the UE uses the PSSCH-RSRP or PSCCH-RSRP measurement, as defined in clause
8.4.2.1.

reservationPeriodAllowed

t0_SensingWindow: internal parameter T, is defined as the number of slots corresponding to t0_SensingWindow
ms.

The resource reservation interval, P, 1x, if provided, is converted from units of ms to units of logical slots, resulting in

P rsvp_TX*

Notation:

(t3E, t31, 5%, ...) denotes the set of slots which can belong to a sidelink resource pool and is defined in [TBD].

The following steps are used:

1)

2)

3)

4)
5)

6)

A candidate single-slot resource for transmission Ry, is defined as a set of Lg;,cy contiguous sub-channels with
sub-channel x+j in slot t5* where j = 0,..., Lg,ucy — 1. The UE shall assume that any set of Lg,,cy contiguous
sub-channels included in the corresponding resource pool within the time interval [n + T;,n + T,] correspond to
one candidate single-slot resource, where

- selection of T; is up to UE implementation under 0 < T; < Tpoc 1 , Where Ty, 4 is TBD;

- if Ty 1S shorter than the remaining packet delay budget (in slots) then T, is up to UE implementation
subjectto Tyin < T, < remaining packet budget (in slots); otherwise T, is set to the remaining packet
delay budget (in slots).

The total number of candidate single-slot resources is denoted by M,y

The sensing window is defined by the range of slots [n - Ty, n-T}yoc,0) Where Ty is defined above and Ty ¢ IS
TBD. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except
for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based
on PSCCH decoded and RSRP measured in these slots.

The internal parameter Th(p;) is set to the corresponding value from higher layer parameter SL-
ThresRSRP_pi_pj for p; equal to the given value of prioryx and each priority value p;.

The set S, is initialized to the set of all the candidate single-slot resources.

The UE shall exclude any candidate single-slot resource R, , from the set S, if it meets all the following
conditions:

- the UE has not monitored slot 5 in Step 2.

- for any periodicity value allowed by the higher layer parameter reservationPeriodAllowed and a hypothetical
SCI format 0-1 received in slot t35 with "Resource reservation period" field set to that periodicity value and
indicating all subchannels of the resource pool in this slot, condition ¢ in step 6 would be met.

The UE shall exclude any candidate single-slot resource R, , from the set S, if it meets all the following
conditions:

a) the UE receives an SCI format 0-1 in slot t3L, and "Resource reservation period" field, if present, and
"Priority” field in the received SCI format 0-1 indicate the values Py, rx and priogy, respectively according
to Clause [TBD] in [6, TS 38.213];

b) the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than
Th(priogy);
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c) the SCI format received in slot t3-or the same SCI format which, if and only if the "Resource reservation

period" field is present in the received SCI format 0-1, is assumed to be received in slot(s) tiliqxp’ x
TSVP_

determines according to clause [TBD] in [6, TS 38.213] the set of resource blocks and slots which overlaps

with Rx,yﬂxp;m_m forg=1,2,...,Qand j=0, 1, ..., Creser — 1. Here, Prgy, gy IS Proyp_rx CONVerted to units

. T . .
of logical slots, @ = [ﬁ] if Prsyp rx < Tsc @nd n' —m < Pl py, Where t57 = n if slot n belongs

to the set (5%, ¢5%,..., t3= ), otherwise slot ¢>7 is the first slot after slot n belonging to the set
(egh 655, 65k ); otherwise Q = 1. Tyeq is FFS.

7) If the number of candidate single-slot resources remaining in the set S, is smaller than 0.2 - M, then Th(p;) is
increased by 3 dB for each priority value Th(p;) and the procedure continues with step 4.

The UE shall report set S, to higher layers.

8.1.5 UE procedure for determining slots and resource blocks for PSSCH
transmission associated with an SCI format 0-1
The set of slots and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH

transmission containing the associated SCI format 0-1, and fields "Frequency resource assignment”, "Time resource
assignment™ of the associated SCI format 1 as described below.

[TBD]

8.1.6 Sidelink congestion control in sidelink resource allocation mode 2

If a UE is configured with higher layer parameter sl-CR-Limit and transmits PSSCH in slot n, the UE shall ensure the
following limits for any priority value k;

Yisk CR(D) < CRyimic (k)

where CR (i) is the CR evaluated in slot n-N for the PSSCH transmissions with "Priority" field in the SCI set to i, and
CRimi: (k) corresponds to the high layer parameter sl-CR-Limit that is associated with the priority value k and the CBR
range which includes the CBR measured in slot n-N, where N is the congestion control processing time.

The congestion control processing time N is based on p of Table 8.1.6-1 and Table 8.1.6-2 for UE processing capability
1 and 2 respectively, where [ corresponds to the subcarrier spacing of the sidelink channel with which the PSSCH is to
be transmitted. A UE shall only apply a single processing time capability in sidelink congestion control.

Table 8.1.6-1: Congestion control processing time for processing timing capability 1

K | Congestion control processing time N [slots]
0 2
1 2
2 4
3 8

Table 8.1.6-2: Congestion control processing time for processing timing capability 2

K | Congestion control processing time N [slots]
0 2
1 4
2 8
3 16

[ Itis up to UE implementation how to meet the above limits, including dropping the transmissions in slot n. ]
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8.2 UE procedure for transmitting sidelink reference signals

8.2.1 CSI-RS transmission procedure

A UE transmits sidelink CSI-RS within a unicast PSSCH transmission if the following conditions hold:
- CSl reporting is enabled by higher layer parameter [CSlsiReporting]; and
- the "CSl request” field in the corresponding SCI format 0-2 is set to 1.

The following parameters for CSI-RS transmission are configured via the higher layer parameter [TBD] for each CSI-
RS configuration:

- nrofPortsCSIRS-SL indicates the number of ports for SL CSI-RS.
- firstSymbolInTimeDomainCSIRS-SL indicates the first OFDM symbol in a PRB used for SL CSI-RS
- frequDomainAllocationCSIRS-SL indicates the frequency domain allocation for SL CSI-RS.

When the UE is configured with Q,={1,2} CSI-RS port(s) in sidelink and the number of scheduled layers is nj;yq",

- The CSI-RS scaling factor Sgirs Specified in clause 8.4.1.5.3 of [4, TS 38.211] is given by Bcsirs = By ons

PSSCH
layer

— o where BESSCEL is the scaling factor for the corresponding PSSCH specified in clause 8.3.1.5 of [4, TS
14

38.211].
8.2.2 PSSCH DM-RS transmission procedure

The UE selects the DM-RS time domain pattern out of the patterns configured using the higher layer parameter
TimePatternPsschDmrs for the resource pool on which the PSSCH is to be transmitted. If more than one DM-RS time
domain pattern is configured, the selected pattern is indicated by the "DMRS pattern™ field in the SCI format 0-1
associated with the PSSCH transmission.

[ If PSSCH DMRS and PSCCH are mapped to the same OFDM symbol, then this mapping within a single sub-channel
is only supported if higher layer parameter subchannelsize >= 20, i.e. the sub-channel size is at least 20 PRBs. ]

8.2.3 PT-RS transmission procedure
Transmission of PT-RS is only supported in FR2.

The UE PT-RS transmission procedure specified in clause 6.2.3.1 applies for derivation of the PT-RS parameters Lpr.rs
and, Ker.rs and for determination of PT-RS presence, with the following changes:

- timeDensity and frequencyDensity in PTRS-UplinkConfig are replaced by timeDensity-SL and
frequencyDensity-SL respectively;

- the number of antenna ports is the same as the number of DMRS antenna ports and the association between a
PT-RS antenna port and a DMRS antenna port is fixed.

8.3 UE procedure for receiving the physical sidelink shared
channel

For sidelink resource allocation mode 1, a UE upon detection of SCI format 0-1 on PSCCH can decode PSSCH
according to the detected SCI format 0-2, and associated PSSCH resource configuration configured by higher layers.

For sidelink resource allocation mode 2, a UE upon detection of SCI format 0-1 on PSCCH can decode PSSCH
according to the detected SCI format 0-2, and associated PSSCH resource configuration configured by higher layers.
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8.4 UE procedure for receiving reference signals
8.4.1 CSI-RS reception procedure

The CSI-RS defined in Clause 8.4.1.5 of [4, TS 38.211] may be used for CSI computation.
8.4.2 DM-RS reception procedure for RSRP computation

8421 RSRP for resource selection in sidelink resource allocation mode 2
In sidelink resource allocation mode 2, the UE measures RSRP for resource selection as follows:

- PSSCH-RSRP over the DM-RS resource elements for the PSCCH carrying the received SCI format 0-1 if higher
layer parameter RSforSensing is set to "PSSCH DM RS", and

- PSCCH-RSRP over the DM-RS resource elements for the PSSCH according to the received SCI format 0-1 if
higher layer parameter RSforSensing is set to "PSCCH DM RS".

8.4.3 PT-RS reception procedure
Reception of PT-RS is only supported in FR2.

The UE PT-RS reception procedure specified in clause 5.1.6.3 applies for derivation of the PT-RS parameters Lprrs and
Kpr-rs and for determination of PT-RS presence, with the following changes:

- timeDensity and frequencyDensity in PTRS-DownlinkConfig are replaced by timeDensity-SL and
frequencyDensity-SL in [TBD] respectively, and [TBD] is (pre)configured per resource pool;

- the number of antenna ports is the same as the number of PSSCH DMRS antenna ports and the association
between a PT-RS antenna port and a PSSCH DMRS antenna port is fixed.

8.5 UE procedure for reporting channel state information (CSlI)

8.5.1 Channel state information framework
CSI consists of Channel Quality Indicator (CQI) and Rank Indicator (RI). The CQI and RI are always reported together.

8.5.1.1 Reporting configurations

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

- CQI shall be calculated conditioned on the reported RI

The CSI reporting can be aperiodic (using [10, TS 38.321]). Table 8.5.1.1-1 shows the supported combinations of CSI
reporting configurations and CSI-RS configurations and how the CSI reporting is triggered for CSI-RS configuration.
Aperiodic CSI-RS is configured and triggered/activated as described in Clause 8.5.1.2.

Table 8.5.1.1-1 Triggering/Activation of CSI reporting for the possible CSI-RS Configurations.

CSI-RS Configuration Aperiodic CSI Reporting
For CSl reporting, Aperiodic CSI-RS Triggered by SCI. wideband CQI reporting is
supported. A wideband CQlI is reported [for each
codeword] for the entire CSI reporting band.
8.5.1.2 Triggering of CSI reports

An aperiodic CSI report is triggered by an SCI format 0-2 with the "CSI request” field set to 1.
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85.2 Channel state information

8.5.2.1 CSI reporting quantities

8.5.21.1 Channel quality indicator (CQI)

The UE shall derive CQI as specified in clause 5.2.2.1, with the following changes

PDSCH replaced by PSSCH

uplink slot replaced by sidelink slot

downlink physical resource blocks replaced by sidelink physical resource blocks
Transport Block Size determination according to Clause 8.1.3.2

CSI reference resource according to TODO

interference measurements are not supported

sub-band differential CQI is not supported

8.5.2.2 Reference signal (CSI-RS)

The UE can be configured with one CSI-RS pattern as indicated by the higher layer parameters TBD.

Parameters for which the UE shall assume non-zero transmission power for CSI-RS are configured according to clause
8.2.1.

8523 CSl reference resource definition

TBD

8.5.3 CSlI reporting

CSI reporting is aperiodic and is described in [10, TS 38.321].
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