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

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

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

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

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

The present document specifies and establishes the characteristics of the physicals layer procedures of data channels for
5G-NR.

2 References

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

(1]

3GPP TR 21.905: "Vocabulary for 3GPP Specifications'

[2] 3GPP TS 38.201: " NR; Physical Layer — General Description™
[3] 3GPP TS 38.202: "NR; Services provided by the physical layer”
[4] 3GPP TS 38.211: "NR; Physical channels and modulation"
[5] 3GPP TS 38.212: "NR; Multiplexing and channel coding"
[6] 3GPP TS 38.213: "NR; Physical layer procedures for control”
[7] 3GPP TS 38.215: "NR; Physical layer measurements’
(8] 3GPP TS 38.101: "NR; User Equipment (UE) radio transmission and reception”
[9] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception”
[10] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification"
[171] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"
[12] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”
[13] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities'
[14] 3GPP TS 38.423: "NG-RAN; Xn signalling transport”
[15] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”
3 Definitions, symbols and abbreviations
3.1 Definitions

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

3.2

Symbols

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

3.3

Abbreviations

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

TR 21.905[1].
BWP Bandwidth part
CBG Code block group
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CP Cyclic prefix
CaQl Channel quality indicator
CPU CSl processing unit
CRB Common resource block
CRC Cyclic redundancy check
CRI CSI-RS Resource I ndicator
csl Channel state information
CSI-RS Channel state information reference signal
CSI-RSRP CSl reference signal received power
CSI-RSRQ CSl reference signal received quality
CSI-SINR CSl signal-to-noise and interference ratio
Cw Codeword
DCI Downlink control information
DL Downlink
DM-RS Dedicated demodulation reference signals
EPRE Energy per resource element
L1-RSRP Layer 1 reference signal received power
LI Layer Indicator
MCS Modulation and coding scheme
PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel
PSS Primary Synchronisation signal
PUCCH Physical uplink control channel
QCL Quasi co-location
PMI Precoding Matrix Indicator
PRB Physical resource block
PRG Precoding resource block group
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
SS-RSRP SS reference signal received power
SS-RSRQ SS reference signal received quality
SS-SINR SS signal-to-noise and interference ratio
B Transport Block
TCl Transmission Configuration Indicator
TDM Time division multiplexing
UE User equipment
UL Uplink
4 Power control

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 is0 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.
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The downlink SS/PBCH SSS EPRE can be derived from the SSYPBCH downlink transmit power given by the parameter
ss-PBCH-BlockPower provided by higher layers. The downlink SSS transmit power is defined as the linear average
over the power contributions (in [W]) of 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 power Control OffsetSS provided by higher
layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in
[W]) of the resource elements that carry the configured CSI-RS within the operating system bandwidth.

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

Subclause 5.1.6.2. The DM-RS scaling factor Boas; specified in Subclause 7.4.1.1.2 of [4, TS 38.211] is given by

_/BDMRS
DMRS __ 20
PDSCH — 10 .

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

Number of DM-RS CDM
groups without data

DM-RS configuration type 1 DM-RS configuration type 2

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 ( ppss ) 1S given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling

PpTRS

factor f,.xs Specified in subclause 7.4.1.2.2 of [4, TS 38.211] isgiven by S s =10 2 .

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

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

The number of PDSCH layers
epre-Ratio
1 2 3 4 5 6
0 0 3 4.77 6 7 7.78
1 0 0 0 0 0 0
2 reserved
3 reserved

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

5 Physical downlink shared channel related procedures

5.1 UE procedure for receiving the physical downlink shared
channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE
may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer
parameter nrofHARQ-ProcessesFor PDSCH, and when no configuration is provided the UE may assume a default
number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1 0 or 1_1 decode the corresponding PDSCHs
asindicated by that DCI. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a
PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given
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HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the
timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive afirst PDSCH in dlot 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 dlot j. For any two HARQ
process IDsin agiven scheduled cdll, if the UE is scheduled to start receiving afirst 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. For any PDSCH corresponding to SI-RNTI, the UE is not
expected to decode are-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
4#=0, N=13 for 1=1, N=20 for x=2, and N=24 for 1=3.

When receiving PDSCH scheduled with SI-RNTI or P-RNTI, the UE may assume that the DM-RS port of PDSCH is
guas 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 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 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 non-contention based random access procedure for the SpCell [10, TS 38.321], the UE may assume that
the DM-RS port of the received PDCCH order and the DM-RS ports of the corresponding PDSCH scheduled with RA-
RNTI are quasi co-located with the same SS/IPBCH 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 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 dlot formats
comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on serving
cell ¢cpand serving cell ¢, the UE is not expected to receive PDSCH on serving cell ¢; if the PDSCH overlapsin time
with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell ¢,
not configured for PUSCH/PUCCH transmission.

The UE is not expected to decode a PDSCH scheduled in the primary cell with C-RNTI or MCS-C-RNTI and another
PDSCH scheduled in the primary cell with CS-RNTI if the PDSCHSs partialy or fully overlap in time.

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

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

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

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

If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI, the UE shall
receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-provided PDSCH
configuration for those PDSCHSs.
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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 Subclause 7.3.1.4 of [4, TS 38.211],
subject to the DM-RS reception proceduresin Subclause 5.1.6.2.

51.2 Resource allocation

5121 Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI
provides arow index m + 1 to an allocation table. The determination of the used resource alocation table is defined in
sub-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 Sand the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter val ues of the indexed row:

HPDSCH

- Thedot allocated for the PDSCH is {n- J+ Ko, where nisthe slot with the scheduling DCI, and Ko is

2 HPDCCH

based on the numerology of PDSCH, and 04, and oy are the subcarrier spacing configurations for
PDSCH and PDCCH, respectively, and

- Thestarting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PDSCH are determined from the start and length indicator SLI1V:

if (L) <7 then
SIV=14-(L-)+S
else
S1V=14-14-L+D)+(14-1-9)
where0< L <14-S, and
- The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211].

The UE shall consider the Sand L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:
Table 5.1.2.1-1: Valid S and L combinations

PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}
(Note 1) (Note 1)
Type B {0,...,12} {2,4,7} {2,...,14} {0,...,10} {2,4,6} {2,...,12}
Note 1: S =3 is applicable only if dmrs-TypeA-Position = 3

When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH
scheduled without corresponding PDCCH transmission using sps-Config, if the UE is configured with pdsch-
AggregationFactor, the same symbol allocation is applied across the pdsch-AggregationFactor 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 islimited to asingle transmission layer. The redundancy version to be applied on the
nt" transmission occasion of the TB is determined according to table 5.1.2.1-2.

ETSI



3GPP TS 38.214 version 15.5.0 Release 15 11 ETSI TS 138 214 V15.5.0 (2019-05)

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

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

If the UE procedure for determining slot configuration as defined in Subclause 11.1 of [6, TS 38.213] determines
symbol of aslot allocated for PDSCH as uplink symbols, the transmission on that slot is omitted for multi-slot PDSCH
transmission.

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

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

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

Table5.1.2.1.1-1 defines 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 in either pdsch-ConfigCommon or pdsch-
Configis applied.

ETSI



3GPP TS 38.214 version 15.5.0 Release 15

12

ETSI TS 138 214 V15.5.0 (2019-05)

Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation

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
TC-RNTI common 1,2,3 Yes - pdsch-
TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
P-RNTI Type2 1 No - Default A
common 2 No - Default B
3 No - Default C
1,2,3 Yes - pdsch-
TimeDomainAllocati
onList provided in
pdsch-
ConfigCommon
C-RNTI, Any common 1,2,3 No - Default A
MCS-C- search 1,2,3 Yes - pdsch-
RNTI, CS- space TimeDomainAllocati
RNTI associated onList provided in
with pdsch-
CORESET 0 ConfigCommon
C-RNTI, Any common 1,2,3 No No Default A
MCS-C- search 1,2,3 Yes No pdsch-
RNTI, CS- space not TimeDomainAllocati
RNTI associated onList provided in
with pdsch-
CORESET 0 ConfigCommon
1,2,3 No/Yes Yes pdsch-
UE specific TimeDomainAllocati
search onList provided in
space pdsch-Config
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Row index dmrs-TypeA- PDSCH Ko S L
Position mapping type

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

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

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

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

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

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

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

8 2,3 Type B 0 5 7
9 2,3 Type B 0 5 2
10 2,3 Type B 0 9 2
11 2,3 Type B 0 12 2
12 2,3 Type A 0 1 13
13 2,3 Type A 0 1 6
14 2,3 Type A 0 2 4
15 2,3 Type B 0 4 7
16 2,3 Type B 0 8 4

Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation A for extended CP

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

1 2 Type A 0 2 6
3 Type A 0 3 5

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

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

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

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

6 2 Type B 0 6 4
3 Type B 0 8 2

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

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

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

1 2,3 Type B 0 2 2

2 2,3 Type B 0 4 2

3 2,3 Type B 0 6 2

4 2,3 Type B 0 8 2

5 2,3 Type B 0 10 2

6 2,3 Type B 1 2 2

7 2,3 Type B 1 4 2

8 2,3 Type B 0 2 4

9 2,3 Type B 0 4 4

10 2,3 Type B 0 6 4

11 2,3 Type B 0 8 4

12 (Note 1) 2,3 Type B 0 10 4

13 (Note 1) 2,3 Type B 0 2 7
14 (Note 1) 2 Type A 0 2 12
3 Type A 0 3 11

15 2,3 Type B 1 2 4

16 Reserved
Note 1: If the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space, the UE may
assume that this PDSCH resource allocation is not applied

Table 5.1.2.1.1-5: Default PDSCH time domain resource allocation C

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

5.1.2.2 Resource allocation in frequency domain

Two downlink resource 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,
the UE shall use downlink resource alocation 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.

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 alocation 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
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PDCCH intended for the UE determine first the downlink carrier bandwidth part and then the resource allocation within
the bandwidth part.

For a PDSCH scheduled with aDCI format 1_0 in any type of PDCCH common search space, regardless of which
bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the
DCI was received; otherwise RB numbering starts from the lowest RB in the determined downlink bandwidth part.

5.1.2.2.1 Downlink resource allocation type 0

In downlink resource allocation of type 0O, the resource block assignment information includes a bitmap indicating the
Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual
resource blocks defined by higher layer parameter rbg-Sze configured by PDSCH-Config and the size of the carrier
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

The total number of RBGs ( Nggg ) for adownlink bandwidth part i of size Ng\f\,epj PRBsis given by

NI :{( NGz, +( N, modP)) / P] where
- thesizeof thefirst RBG is RBG§ ™ = P— Nan; modP,

- thesizeof last RBG isRBGSZ = (NS + N2, JmodP if (NS3E, +NE2, JmodP >0 and P otherwise,
- thesizeof dl other RBGsisP.

The bitmap is of size Ngg 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 carrier bandwidth part. The
order of RBG bitmap is such that RBG 0to RBG Nggs —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

N é‘\f\,ep PRBs except for the case when DCI format 1_0 is decoded in any common search space in which case the size

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

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

if (Lpgs —1)sLN§‘V§$P /2J then
RIV = N3 (Lrgs —1) + RByq
else
RIV =NSZ (NS _ | o +1)+(NSZ _1-RBy,,)

where L g > 1 and shall not exceed Ngae, — RB,,.
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When the DCI size for DCI format 1_0in USSis derived from the size of DCI format 1_0 in CSS but applied to an

active BWP with size of N2, adownlink type 1 resource block assignment field consists of a resource indication

value (RIV) corresponding to a starting resource block RB,,, = 0,K,2-K,...,(Nm@ —1)-K and alength in terms of

virtually contiguously allocated resource blocks Leg, = K,2-K,...,NiNia . K where Niwe is given by

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

The resource indication value is defined by:
if (L's—D <[ Naw' /2] then
RIV = N (L' =) + RB' .,
else
RIV = N (NG = L' + D)+ (N ~1- RB,,)
where L' g, = Lg. /K, RB'y,, = RB,,,/K and where L', shall not exceed Ni —RB',, -

If NZhe > Nl | K i the maximum value from set {1, 2, 4, 8} which satisfies K <| N/ N’ | ; otherwise K = 1.

5.1.2.3 Physical resource block (PRB) bundling

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

If Piupi isdetermined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE
may assume that the same precoding is applied to the allocated resource.

If Piup; IS determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the
bandwidth part i with P4up; consecutive PRBs. Actual number of consecutive PRBsin each PRG could be one or more.

start start |\ size
N

Thefirst PRG sizeis given by Pévvpi —Ngwp; mod Pawpand the last PRG size given by (Newe; + Ngwpi) modPBWPI

if (NSami + NSas; ) modPaye; # 0, and the last PRG sizeis Payp; if (Nas; + Nans ) M0dPayp; =0.

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

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

If aUE is scheduled a PDSCH with DCI format 1_0, the UE shall assumethat P4,p ; isequal 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, Pgup; for bandwidth part is equal to 2 PRBs unless configured by the higher layer parameter prb-
BundlingType given by PDSCH-Config.

When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI,
or CS-RNTI, if the higher layer parameter prb-BundlingTypeis set to ‘dynamicBundling’, the higher layer parameters
bundleSizeSet1 and bundleSizeSet2 configure two setsof Pg,p; values, the first set can take one or two P4,p; values

among {2, 4, wideband}, and the second set can take one P4,p; value among {2, 4, wideband}.

If the PRB bundling size indicator signalled in DCI format 1_1 as defined in Subclause 7.3.1.2.2 of [2, TS 38.212]
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- issetto'0, the UE shall usethe PS,p; valuefrom the second set of P§,p; vaueswhen receiving PDSCH
scheduled by the same DCI.

- issetto'l' and onevalueis configured for the first set of P, Vvalues, the UE shall usethis Pg,p; value when
receiving PDSCH scheduled by the sasme DCI

- issetto'l' and two values are configured for the first set of PS,p; Values as'n2-wideband' (corresponding to
two Pgyp; values 2 and wideband) or 'nd4-wideband' (corresponding to two Pg,; values 4 and wideband), the
UE shall use the value when receiving PDSCH scheduled by the same DCI as follows:

- If the scheduled PRBs are contiguous and the size of the scheduled PRBs islarger than N S\f\"}P’i 12, Phpi is
the same as the scheduled bandwidth, otherwise Pg,; iSset 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,s; valueis configured

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

When a UE is configured with RBG = 2 for bandwidth part i according to Subclause 5.1.2.2.1, or when aUE 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 Pg,p; = 4.

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 Subclause 5.1.3.1, and
- read redundancy version field (rv) in the DCI to determine the redundancy version..

and second

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

The UE may skip decoding atransport block in aninitial 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_ xi.Fi > Z R 'TBSLBRM
i LBRM

ies
where, for the serving cell,

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

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

- X isthe number of OFDM symbols of the PDSCH contained in the consecutive-symbol duration
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- F = max_l(min(k{).‘i + E/,N.,,)) based on the val ues defined in Subclause 5.4.2.1 [5, TS 38.212]

j=0,]

- kg_i isthe starting location of RV for the jth transmission

- El’ = min(E,) of the scheduled code blocks for the jth transmission
- N, isthecircular buffer length
- ] —1isthecurrent (re)transmission for theith TB

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

- incasethereis more than one BWP corresponding to the largest configured number of PRBs, 1’ follows
the BWP with the largest subcarrier spacing.

- u correspondsto the subcarrier spacing of the active BWP

- Rigrm = 2/3 as defined in Subclause 5.4.2.1 [5, TS 38.212]

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

- X asdefined for downlink in Subclause 5.4.2.1 [5, TS 38.212].

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

Within acell group, a UE is not required to handle PDSCH(s) transmissionsin slot 5 in serving cell-j, and for j = 0,1,2..
J-1, dot 5 overlapping with any given point in time, if the following condition is not satisfied at that point in time:
J-1
Xm0 Vim

10))
Jj=0 slot

< DataRate

where,
- Jisthe number of configured serving cells belonging to a frequency range
- for thej-th serving cell,
- Misthe number of TB(s) transmitted in slot s.
- Tao® =10%240), where u(j) is the numerology for PDSCH(s) in slot § of the j-th serving cell.
- forthemthTB,V;,, = C’- EJ
- Aisthe number of bitsin the transport block as defined in Subclause 7.2.1 [5, TS 38.212]

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

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

- DataRate [Mbps] is computed by the approximate maximum data rate given by Subclause 4.1.2in[13, TS
38.306] from the band/band combination signaling for the J carriers, including the scaling factor f(i).

For aj-th serving cell, if higher layer parameter processingType2Enabled of PDSCH-ServingCellConfig is configured
for the serving cell and set to enable, or if at least one Imcs > W for aPDSCH, where W = 28 for MCS tables 5.1.3.1-1
and 5.1.3.1-3, and W= 27 for MCStable 5.1.3.1-2, the UE is not required to handle PDSCH transmissions, if the
following condition is not satisfied:
M-17y,
m=0"jm

= DataRateCC
L XT;

where
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- L isthe number of symbols assigned to the PDSCH

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

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

- forthemthTB, Vj,, = C" EJ

- Aisthe number of bitsin the transport block as defined in Subclause 7.2.1 [5, TS 38.212]
- Cisthetotal number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212]

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

- DataRateCC [Mbps] is computed by the approximate maximum data rate given by Subclause 4.1.2in[13, TS
38.306] from the band/band combination signaling for the serving cell, 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 or format 1_1 with CRC scrambled by C-RNTI, MCS-C-
RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-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 mes-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 Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used
in the physical downlink shared channel.

elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table given by PDSCH-Config is
set to 'gam64L owSE', and the PDSCH is scheduled by a PDCCH in a UE-specific search space with CRC scrambled by
C-RNTI

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

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

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

elseif the UE is not configured with the higher layer parameter mes-Table given by SPS-config, 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 Imcs and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

elseif the UE is configured with the higher layer parameter mcs-Table given by SPS-config set to ‘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 Imcs and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R)
used in the physical downlink shared channel.

else
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- the UE shall use Imcs and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used

in the physical downlink shared channel.

end

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

Table 5.1.3.1-1: MCS index table 1 for PDSCH

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

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

MCS Index | Modulation Order Target code Rate R x [1024] Spe_ctral
Imcs Qm efficiency
0 2 30 0.0586
1 2 40 0.0781
2 2 50 0.0977
3 2 64 0.1250
4 2 78 0.1523
5 2 99 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 4 340 1.3281
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 6 438 2.5664
22 6 466 2.7305
23 6 517 3.0293
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 719 4.2129
28 6 772 4.5234

29 2 reserved

30 4 reserved

31 6 reserved
5.1.3.2 Transport block size determination

In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is
enabled, then one of the two transport 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 or format 1_1 with CRC scrambled by C-RNTI, MCS-C-
RNTI, TC-RNTI, CS-RNTI, or SI-RNTI, if Table 5.1.3.1-2isused and 0< |5 < 27, or atable other than Table

5.1.3.1-2isused and 0< |5 < 28, the UE shall, except if the transport block is disabled in DCI format 1_1, first
determine the TBS as specified below:

1) The UE shal first determine the number of RES (Nge) within the slot.

- A UEfirst determines the number of REs allocated for PDSCH withina PRB (N ;QE) by

' _ nRB sh PRB PRB
NRE - Nsc ’ Nsynb - NDMRS - Noh

, where N22 =12 isthe number of subcarriersin a physical resource

PRB

block, Ng,“mb is the number of symbols of the PDSCH allocation within the slot, Npyrs is the number of
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 as described for format 1_0in Subclause 5.1.6.2, and N7
isthe overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the

PRB
xOverhead in PDSCH-ServingCellconfig is not configured (avalue from 0O, 6, 12, or 18), the Noh issetto

ETSI



3GPP TS 38.214 version 15.5.0 Release 15 23 ETSI TS 138 214 V15.5.0 (2019-05)

PRB
0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI, Ngp,

is assumed to be 0.

- A UE determines the total number of REs alocated for PDSCH (Ngg) by N = m'n(156, NFE) Ny,
where nprs IS the total number of allocated PRBs for the UE.

2) Intermediate number of information bits (Ninto) isobtained by N, = Nge-RQpv .
If Nijpso <3824

Use step 3 as the next step of the TBS determination
else

Use step 4 as the next step of the TBS determination
end if

3) When N, <3824, TBSisdetermined as follows
. . . . . . ! n Ninf o
- quantized intermediate number of information bits N, = max(24,2 LZTJJ , where
n= max(3, |_|092(Ninf O)J - 6) .

- useTable5.1.3.2-1 find the closest TBS that is not less than Ny, -

Table 5.1.3.2-1: TBS for N, <3824

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

. N —-24
- quantized intermediate number of information bits N,;, = ma((3840, 2" xround (%D , Where
n=|log,(Niy o —24) |-5and tiesin the round function are broken towards the next largest integer.

- if R<1/4

N 24 N 24
TBS=8C-: Ninfo +24 — 24, where C= Ninfo + 24
8C 3816

ese
if N, >8424

Ny o +24

8C

TBS=8C:
8424

“— 24 where C = |7N'nf°—+24“

else
TBS:&{—N‘”“yﬂ—m

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

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

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

else

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< I ,cs < 28. If thereisno PDCCH for the same transport block using0< | yc5 < 28, and if

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

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

For the PDSCH assigned by a PDCCH with DCI format 1_0 with CRC scrambled by P-RNTI, or RA-RNTI, TBS
determination follows the steps 1-4 with the following modification in step 2: ascaling N, ;, =S-Ng-R-Q,,-v is

inf o
applied in the calculation of Nino, Where the scaling factor is determined based on the TB scaling field in the DCI asin
Table5.1.3.2-2.

Table 5.1.3.2-2: Scaling factor of Ninfo for P-RNTI and RA-RNTI

TB scaling field Scaling factor S
00 1
01 0.5
10 0.25
11
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The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be reported to higher
layers.

514 PDSCH resource mapping

When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to O, the UE
shall assume that no SSYPBCH 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 isset to 1, RA-
RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssh-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 ssb-PositionsinBurst in ServingCellConfigCommon to be same asa
configuration provided by ssb-PositionsInBurst in SIB1.

When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH
with SPS, the REs corresponding to the configured or dynamically indicated resourcesin Subclauses 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

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

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

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

A configured group rateMatchPatternGroupl or rateMatchPatternGroup?2 contains alist of 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.

For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH
appliesto a set of dot(s) where the rateMatchPatternToAddModList given by PDSCH-Config and
rateMatchPatternToAddModList given by ServingCell ConfigCommon is present among the sots of scheduled PDSCH.

If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-
interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation
level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.

If aPDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the
resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS
are not available for the PDSCH. When precoder Granularity configured in a CORESET where the PDCCH was
detected is equal to all ContiguousRBs, 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

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

- Ite-CRS ToMatchAround in ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing
applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in aserving cell. The configuration
contains v-Shift consisting of L TE-CRS-vshift(s), nrof CRS-Ports consisting of LTE-CRS antennaports 1, 2 or 4
ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from
(reference) point A, 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 Subclause 6.10.1.2 in[15, TS 36.211], where slot corresponds to L TE subframe.

- within aBWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) (higher layer
parameter zp-CS-RS ResourceToAddModList in ZP-CS-RS-ResourceSet), with each ZP-CSI-RS resource set
consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CS-RS-Resource) in numerology of
the BWP. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource
configuration:;

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

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

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

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

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

- The ZP-CSI-RS time domain behavior can be configured to periodic, semi-persistent or aperiodic by higher
layer parameters within PDSCH-config. All the resourcesin a ZP CSI-RS resource set are configured with
the same time domain behavior (‘periodic’, 'semi-persistent’, ‘aperiodic’).

The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CS-RS
ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CS-RS-Resour ceSetsToAddModList in PDSCH-
Config , is configured for aperiodic triggering. The maximum number of aperiodic ZP-CS-RS-ResourceSet(s)
configured per BWP is 3. The bit-length of DCI field ZP CS-RStrigger depends on the number of aperiodic ZP-CS -
RS-Resour ceSet(s)configured (up to 2 bits). Each non-zero codepoint of ZP CSl-RStrigger in DCI triggers one
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aperiodic ZP-CS-RS-ResourceSet in the list aperiodic-ZP-CS -RS-Resour ceSetsToAddModList by indicating the
aperiodic ZP CSI-RS resource set ID. The DCI codepoint ‘01" triggers the resource set with ZP-CSI-RS-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 the UE is configured with multi-slot and single-slot PDSCH scheduling, the triggered aperiodic ZP CSI-RSis
applied to all the dot(s) of the scheduled PDSCH by the PDCCH containing the trigger.

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

- when the HARQ-ACK corresponding to the PDSCH carrying the activation command [10, TS 38.321] for ZP
CSI-RS resource(s) transmitted in slot n, 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

dotn + 3NSubSramen 4 4

slot

- when the HARQ-ACK corresponding to the PDSCH carrying the deactivation command [10, TS 38.321] for
activated ZP CSI-RS resource(s) in slot n, 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 slot n + 3NS¥2/7amer 4

slot

5.1.5  Antenna ports quasi co-location

The UE can be configured with alist of up to M TCI-Sate configurations within the higher layer parameter PDSCH-
Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell,
where M depends on the UE capability maxNumber ActiveTCl-PerBWP. Each TCl-Sate 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 quasi co-location relationship is configured by the higher layer parameter qcl-Typel for thefirst 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 [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI
field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the
activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field

"Transmission Configuration Indication’ should be applied starting from slot n + 3N“2/7“™¢*+1. After a UE receives
aninitial higher layer configuration of TCIl states and before reception of the activation command, the UE may assume
that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial

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

If aUE is configured with the higher layer parameter tci-PresentinDCI that is set as 'enabled’ for the CORESET
scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted
on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is
scheduled by a DCI format 1_0, and the time offset between the reception of the DL DCI and the corresponding
PDSCH isequal to or greater than a threshold timeDurationFor QCL, where the threshold is based on reported UE
capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state
or the QCL assumption for the PDSCH isidentical to the TCI state or QCL assumption whichever is applied for the
CORESET used for the PDCCH transmission.

If thetci-PresentInDCI is set as 'enabled’, the TCI field in DCI in the scheduling component carrier points to the
activated TCI statesin the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format
1 1, the UE shall use the TCI-Sate according to the value of the "Transmission Configuration Indication' field in the
detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-
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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 statesin 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 statesin the first ot 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 CORESET associated with a search space set for cross-carrier scheduling, the
UE expects tci-PresentinDci is set as 'enabled’ 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.

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentIinDCI 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 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 in the latest slot in which one or more
CORESET s within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the
PDSCH DM-RS s 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 arein different component carriers). If none of configured TCI states contains
'QCL-TypeD', the UE shall abtain 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.

For a periodic CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer parameter trs-1nfo, the UE
shall expect that a TCl-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-
CS-RS-ResourceSet configured with higher layer parameter repetition, or

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

For a CSI-RS resource in a NZP-C3 -RS-Resour ceSet configured without higher layer parameter trs-Info and without
the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-
location type(s):

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

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

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

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

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

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

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CS-RS-ResourceSet configured with higher layer parameter trs-
Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CS-RS - ResourceSet configured with
higher layer parameter repetition, or
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- 'QCL-TypeC' with an SS/PBCH block and, when applicable, ‘QCL-TypeD' with the same SS/PBCH block.

For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location
type(s):

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

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

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

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

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

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

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

5.1.6 UE procedure for receiving downlink reference signals

5.1.6.1 CSI-RS reception procedure

The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSlI computation,
L 1-RSRP computation and mobility.

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

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

If the UE is configured with DRX, the most recent CSlI measurement occasion occurs in DRX active time for CSl to be
reported.

5.1.6.1.1 CSI-RS for tracking

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

For a NZP-C3-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 resourcesin the NZP-CS -RS-ResourceSet is the same. For
frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CS -RS-Resour ceSet
consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resourcesin
each dot. For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where aNZP-CS-RS
ResourceSet consists of two periodic CSI-RS resourcesin one slot or with a NZP-CS-RS-ResourceSet of four periodic
NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot.
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A UE configured with NZP-CS -RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-
RS resources configured as:

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

- Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS
and periodic CSI-RS resource having the same bandwidth (with same RB location)and the aperiodic CSI-RS
being '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 aslot. 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 resourcesin each dlot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering
offset for the first dot for the first two CSI-RS resources in the set.

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

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

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

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

Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter
NZP-CS-RS-Resource with the following restrictions:

- the time-domain locations of the two CSI-RS resourcesin adot, or of the four CSI-RS resourcesin two
consecutive sots (which are the same across two consecutive slots), as defined by higher layer parameter CS -
RS-resourceMapping, is given by one of

- le{a8}, 1e{59}, orl € {6,10} for frequency range 1 and frequency range 2,
- le{o4}, 115}, 1e{26}, 1€ {37}, 1 {711}, 1 {812} or 1 {913} for frequency range 2.

- asgingle port CSI-RS resource with density p = 3 given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher
layer parameter density configured by CS-RS-ResourceMapping.

- the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CS-RS

ResourceMapping, is the minimum of 52 and N2Y'F resource blocks, or isequal to NEY'™ resource blocks

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

- the periodicity and dot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter
periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of 24 X p slotswhere X, =10, 20, 40, or 80
and where p isdefined in Subclause 4.3 of [4, TS 38.211].

- same power Control Offset and power Control OffsetSS given by NZP-CS-RS-Resource value across all resources.
5.1.6.1.2 CSI-RS for L1-RSRP computation

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

If the UE is configured with a CSl-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSl-
ResourceConfig for channel measurement (higher layer parameter resour cesior Channel Measurement) contains a NZP-
CS-RS ResourceSet that is configured with the higher layer parameter repetition and without the higher layer parameter
trs-Info, the UE can only be configured with the same number (1 or 2) of ports with the higher layer 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 CSl-
RS in PRBsthat overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is
used for both the CSI-RS and the SS/PBCH block.

5.1.6.1.3 CSI-RS for mobility

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

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

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

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

If the UE is configured with DRX and DRX cyclein useislarger than 80 ms, the UE may not expect CSI-RS resources
are available other than during the active time for measurements based on CS-RS-Resource-Mobility. Otherwise, the
UE may assume CSI-RS are available for measurements based on CS -RS-Resource-Mohility.

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

- with no more than 96 CSI-RS resources when al CSI-RS resources per frequency layer have been configured
with associatedSSB, or,

- with no more than 64 CSI-RS resources per frequency layer when all CSI-RS resources have been configured
without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB

- 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 resources-per frequency layer.

For any CSI-RS resource configuration, the UE shall assume that the value for parameter cdm-Type is'No CDM', and
there is only one antenna port.

5.1.6.2 DM-RS reception procedure

When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration
of any of the parameters dmrs-Additional Position, maxLength and dmrs-Type, the UE shall assume that the PDSCH is
not present in any symbol carrying DM-RS except for PDSCH with alocation duration of 2 symbols with PDSCH
mapping type B (described in subclause 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
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- For PDSCH with mapping type A, the UE shall assume dmrs-Additional Position="pos2' and up to two additional
single-symbol DM-RS present in a dot according to the PDSCH duration indicated in the DCI as defined in
Subclause 7.4.1.1 of [4, TS 38.211], and

- For PDSCH with allocation duration of 7 symbols for normal CP or 6 symbols for extended CP with mapping
type B, the UE shall assume one additional single-symbol DM-RS present in the 5th or 6™ symbol when the
front-loaded DM-RS symbol isin the 1% or 2™ symbol respectively of the PDSCH allocation duration, otherwise
the UE shall assume that the additional DM-RS symbol is not present, and

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

- For PDSCH with alocation duration of 2 symbols with mapping type B, the UE shall assume that no additional
DM-RS are present, and the UE shall assume that the PDSCH is present in the symbol carrying DM-RS.

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

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

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

- if maxLength is set to ‘lenl’, single-symbol DM-RS can be scheduled for the UE by DCI, and the UE can be
configured with a number of additional DM-RS for PDSCH by higher layer parameter dmrs-
Additional Position, which can be set to 'pos0', ‘posl’, ‘pos 2' or 'pos 3.

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

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

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

configured by higher layers with one or two scrambling identity(s), nhy " 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 asdescribed in
Subclause 7.3.1.2 of [5, TS 38.212].

For DM-RS configuration type 1,

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

- if aUE is scheduled with two codewords,

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

For DM-RS configuration type 2,

- if aUE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or
23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Subclause 7.3.1.2 of [5, TS38.212], or

- if aUE is scheduled with two codewords,

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

If a UE receiving PDSCH is configured with the higher layer parameter phaseTrackingRSin DMRS-DownlinkConfig,
the UE may assume that the following configurations are not occurring simultaneoudly for the received PDSCH:
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- any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are
scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and

- PT-RSistransmitted to the UE.

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

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

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

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

When receiving PDSCH scheduled by DCI format 1 _1, the UE shall assume that the CDM groupsindicated in the
configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 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 datais 1 which corresponds to CDM group O for the case of PDSCH with allocation duration of 2 symbols, and
the UE shall assume that the number of DM-RS CDM groups without datais 2 which correspondsto CDM group {0,1}
for all other cases.

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

If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may
assume that the DM-RS and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH
block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH
block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.

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 asit reported to support.

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

- the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold
values ptrs-MCS, i=1,2,3 and Nrg; , 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 shownin Table 5.1.6.3-1 and Table 5.1.6.3-2,

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

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

- otherwise, if neither of the additional higher layer parameters timeDensity and frequencyDensity are configured
and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS is present with Lpr.rs
=1, Kprrs = 2, and the UE shall assume PT-RSis not present when
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- 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 issmaller than 5, or
- the scheduled MCS from Table 5.1.3.1-3 is smaller than 15, or
- the number of scheduled RBsis smaller than 3, or
- otherwise, if the RNTI equals RA-RNTI, SI-RNTI, or P-RNTI, the UE shall assume PT-RS s not present

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

Scheduled MCS Time density (Lpr_gg)

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

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

Scheduled bandwidth Frequency density (Kpr_gs)
Nre < Nreo PT-RS is not present
Nreo < Nre < Nrs1 2
Nre1 < Nrs 4

If a UE is not configured with the higher layer parameter phaseTrackingRSin DMRS-DownlinkConfig, the UE assumes
PT-RSis not present.

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

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

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

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

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

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

The DL DM-RS port(s) associated with a PT-RS port are assumed to be quasi co-located with respect to {'QCL-TypeA'
and 'QCL-TypeD'}.If aUE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest
indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.

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
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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.

5.1.7 Code block group based PDSCH transmission

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

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

M =min(N,C),

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

Define M; =mod(C,M), Kl{%wand K, {%J

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

5.1.7.2 UE procedure for receiving code block group based transmissions

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

- The CBG transmission information (CBGT]) field of DCI format 1_1 isof length N5 - N bits, where Ny isthe
value of the higher layer parameter maxNrofCodeWor dsScheduledByDCI. If Nyp = 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 bitsin the CBGTI field
have an in-order one-to-one mapping with the M CBGs of the TB, with the MSB mapped to CBG#0.

- 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 asindicated by the New Data Indicator field of the scheduling DCI, the UE may
assume that

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

- If the CBG flushing out information (CBGFI) field of the scheduling DCI is present, CBGFI set to 0'
indicates that the earlier received instances of the same CBGs being transmitted may be corrupted, and
CBGFI set to 1" indicates that the CBGs being retransmitted are combinable with the earlier received
instances of the same CBGs.

- A CBG containsthe same CBsasin theinitial transmission of the TB.
5.2 UE procedure for reporting channel state information (CSl)

521 Channel state information framework

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 (PM1), CSI-RS resource indicator (CRI), SS/PBCH
Block Resource indicator (SSBRI), layer indicator (L1), rank indicator (RI) and/or L1-RSRP.

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

5.21.1 Reporting settings

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

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

semi Persi stentOnPUCCH/semiPersistentOnPUSCH CSlI reporting, the configured periodicity and slot offset appliesin
the numerology of the UL BWP in which the CSI report is configured to be transmitted on. The higher layer parameter
reportQuantity indicates the CSl-related or L1-RSRP-related quantities to report. The reportFreqConfiguration
indicates the reporting granularity in the frequency domain, including the CSI reporting band and if PMI1/CQI reporting
is wideband or sub-band. The timeRestrictionFor Channel Measurements parameter in CS-ReportConfig can be
configured to enable time domain restriction for channel measurements and

timeRestrictionFor I nterferenceMeasurements can be configured to enable time domain restriction for interference
measurements. The CS-ReportConfig can also contain CodebookConfig, which contains configuration parameters for
Type-l or Type Il CSl including codebook subset restriction, and configurations of group based reporting.

5.2.1.2 Resource settings

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

The time domain behavior of the CSI-RS resources within a CSlI Resource Setting are indicated by the higher layer
parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CS|
Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persi stent
CSl Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP,
as given by bwp-id. When a UE is configured with multiple CS -ResourceConfigs consisting the same NZP CSI-RS
resource | D, the same time domain behavior shall be configured for the CS-ResourceConfigs. When a UE is configured
with multiple CS-ResourceConfigs consisting the same CSI-IM resource I1D, the same time-domain behavior shall be
configured for the CSl-ResourceConfigs. All CSI Resource Settings linked to a CSl Report Setting shall have the same
time domain behavior.

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

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

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

5.2.1.3 (void)
5.2.1.4 Reporting configurations

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

- RI 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.
Table 5.2.1.4-1 shows the supported combinations of CSI Reporting configurations and CSI-RS Resource
configurations and how the CS| Reporting istriggered for each CSI-RS Resource configuration. Periodic CSI-RSis
configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Subclause 5.2.1.5.2.
Aperiodic CSI-RS s configured and triggered/activated as described in Subclause 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 [10,
TS 38.321]; for reporting
on PUSCH, the UE
receives triggering on DCI

Triggered by DCI,;
additionally, activation
command [10, TS 38.321]
possible as defined in
Subclause 5.2.1.5.1.

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

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

additionally, activation
command [10, TS 38.321]
possible as defined in
Subclause 5.2.1.5.1.

When the UE is configured with higher layer parameter NZP-CS -RS-Resour ceSet and when the higher layer parameter
repetition is set to 'of ', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause
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
‘typell' or to 'typel | -PortSelection'.

For a periodic or semi-persistent CSI report on PUCCH, the periodicity (measured in sots) is configured by the higher
layer parameter reportSotConfig.

For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured by the higher layer
parameter reportSotOffsetList. The offset is selected in the activating/triggering DCI.

For CSl reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where
asubband is defined as NS5, contiguous PRBs and depends on the total number of PRBsin 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 -72 4,8
73144 8,16
145 - 275 16, 32
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The reportFreqConfiguration contained in a CS-ReportConfig indicates the frequency granularity of the CSI Report. A
CSl Reporting Setting configuration defines a CSl reporting band as a subset of subbands of the bandwidth part, where
the reportFregConfiguration indicates:

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

- A UEisnot expected to be configured with csi-ReportingBand which contains a subband where a CSI-RS
resource linked to the CSl 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.

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

- wideband CQI or subband CQI reporting, as configured by the higher layer parameter cqi-Formatindicator.
When wideband CQI reporting is configured, awideband CQI is reported for each codeword for the entire CSl
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-Formatlndicator.
When wideband PMI reporting is configured, awideband 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
Subclause 5.2.2.2) is reported for the entire CSl reporting band and one subband indication (i2 in subclause
5.2.2.2) isreported 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.

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

- reportQuantity is set to ‘cri-RI-PMI-CQI', or ‘cri-RI-L1-PMI-CQI', cqgi-Formatindicator indicates single CQI
reporting and pmi-Formatlndicator indicates single PMI reporting, or

- reportQuantity is set to ‘cri-RI-i1" or

- reportQuantity is set to 'cri-RI-CQI" or 'cri-RI-i1-CQI" and cqi-Formatlndicator indicates single CQI reporting,
or

- reportQuantity is set to ‘cri-RSRP' or 'ssb-Index-RSRP
otherwise, the CSI Reporting Setting is said to have a subband frequency-granul arity.

The first subband size s given by N2 — (NSt mod N, ) and the last subband size given by

(NSt +NSZ, JmodN Sy if (NS +NSZ, Jmod NS, #0 and NS if (NS +NS=, JmodNE, =0

If aUE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and NZP CSI-RS
resources are configured as periodic or semi-persistent. If a UE is configured with aperiodic CSI reporting, the UE shall
report CSl when both CSI-IM and NZP CSI-RS resources are configured as periodic, semi-persistent or aperiodic.

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

5.2.1.4.1 Resource Setting configuration

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

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

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

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

- When one Resource Setting (given by higher layer parameter resourcesFor ChannelMeasurement) 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
resourcesFor ChannelMeasurement) is for channel measurement and the second Resource Setting (given by
higher layer parameter csi-IM-ResourcesForlnterference) is used for interference measurement performed on
CSl-IM.

A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for
a CY-ReportConfig with the higher layer parameter codebookType set to ‘typell’ or to ‘typel |-PortSelection’. 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 'ssb-
Index-RSRP. If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is
resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the
corresponding resource sets. The number of CSI-RS resources for channel measurement equal s to the number of CSl-
IM 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-CS -RS-Resour cesFor I nterference may expect no more than 18 NZP
CSI-RS ports configured in a NZP CSI-RS resource set.

For CSl measurement(s), a UE assumes:

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

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

- other interference 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.

5.2.1.4.2 Report Quantity Configurations

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

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

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

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

- the UE expects, for that CS-ReportConfig, to be configured with higher layer parameter codebookType set to
‘typel-SinglePanel’ and pmi-Formatlndicator configured for wideband PMI reporting, and,

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

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

- the UE expects, for that CS-ReportConfig, to be configured with higher layer parameter codebookType set to
'typel-SinglePanel’ and pmi-Formatindicator configured for wideband PMI reporting, and the UE shall report a
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PMI consisting of asingle wideband indication (i, in Subclause 5.2.2.2.1) for the entire CSI reporting band. The
CQl is calculated conditioned on the reported i, assuming PDSCH transmission with N, >1 precoders
(corresponding to the same i, but different i, in sub-clause 5.2.2.2.1), where the UE assumes that one precoder is
randomly selected from the set of N o precoders for each PRG on PDSCH, where the PRG size for CQI

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

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

pél), p(z), p§2)1 p(3), pf), pf),..., (()R), pﬁR),---,pgf)l of port indices, where p{"”,..., p{"} arethe CSI-RS port

indices associated with rank v and Re {1,2,..., P} wherePe {1,2,4,8} isthe number of portsin the CSI-RS
resource. The UE shall only report RI corresponding to the configured fields of PortlndexFor8Ranks.

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

the CSI-RS resource.

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

resource. The precoder for the indicated ports shall be assumed to be the identity matrix scaled by 1 .

W

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

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

- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘enabled’, the UE is not
required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report ina
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 CS -ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RSRP, ‘cri-
RI-PMI-CQI ', ‘cri-RI-i1', ‘cri-RI-i1-CQI', 'cri-RI-CQI" 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-
CS-RSResource in the corresponding nzp-CS -RS-ResourceSet for channel measurement, and (k+1)-th entry of
associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) If K = 2 CSI-RS resources are
configured, each resource shall contain at most 16 CSI-RS ports. If 2 < K < 8 CSI-RS resources are configured, each
resource shall contain at most 8 CSI-RS ports.

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

If the UE is configured with a CS-ReportConfig with higher layer parameter reportQuantity set to ‘cri-RSRP' or 'none’
and the CS-ReportConfig is linked to a resource setting configured with the higher layer parameter resourceType set to
‘aperiodic', then the UE is not expected to be configured with more than 16 CSI-RS resourcesin a CSI-RS resource set
contained within the resource setting.

The LI indicates which column of the precoder matrix of the reported PMI corresponds to the strongest layer of the
codeword corresponding to the largest reported wideband CQI. If two wideband CQI's are reported and have equal
value, the LI corresponds to strongest layer of the first codeword.
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5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP computation

- the UE may be configured with CSI-RS resources, SSYPBCH Block resources or both CSI-RS and SS/PBCH
block resources, when resource-wise quasi co-located with 'QCL-Type C' and 'QCL-TypeD' when applicable.

- the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources
within each set. The total number of different CSI-RS resources over all resource setsis no more than 128.

For L1-RSRP reporting, if the higher layer parameter nrofReportedRSin CS-ReportConfig is configured to be one, the
reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer
parameter nrofReportedRSis configured to be larger than one, or if the higher layer parameter
groupBasedBeamReporting is configured as ‘enabled’, 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 a4-bit value. The differential L1-RSRP value is computed with 2 dB step size
with areference to the largest measured L1-RSRP value which is part of the same L 1-RSRP reporting instance. The
mapping between the reported L 1-RSRP value and the measured quantity is described in [11, TS 38.133].

5.2.1.5 Triggering/activation of CSI Reports and CSI-RS
5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS

For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType
set to 'aperiodic', 'periodic', or 'semi-persistent’, trigger states for Reporting Setting(s) (configured with the higher layer
parameter reportConfigType set to 'aperiodic’) and/or Resource Setting for channel and/or interference measurement on
one or more component carriers are configured using the higher layer parameter CS-AperiodicTrigger Satelist. For
aperiodic CSI report triggering, asingle set of CSl triggering states are higher layer configured, wherein the CSI
triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI
with non-zero CSl request per slot. A UE is not expected to be configured with different TCI-Stateld's for the same
aperiodic CSI-RS resource ID configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in
the same aperiodic trigger state. A UE is not expected to receive more than one aperiodic CSI report request for
transmission in agiven slot. A UE is not expected to be triggered with a CSl report for a non-active DL BWP. A trigger
state isinitiated using the CS request field in DCI.

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

- When the number of configured CSl triggering statesin CS-AperiodicTrigger Satelist is greater than 2N —1,
where Npg isthe number of bitsin the DCI CS request field, the UE receives a selection command [10, TS

38.321] used to map up to 2" —1 trigger states to the codepoints of the CSl request field in DCI. Nrs is
configured by the higher layer parameter reportTrigger Sze where N.g e {0,1,2,3,4,5,6}. When the HARQ/ACK

corresponding to the PDSCH carrying the selection command is transmitted in the slot n, the corresponding
actionin[10, TS 38.321] and UE assumption on the mapping of the selected CSl trigger state(s) to the

. . . . b X
codepoint(s) of DCI CS request field shall be applied starting from slot n + 3N“2/Tmet 1,

- When the number of CSl triggering states in CSl-AperiodicTrigger tateList isless than or equal to 2= -1, the
CS request field in DCI directly indicates the triggering state.

- For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSl triggering state, the UE is
indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as
described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains alist of referencesto
TCI-Sate's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in
thelist is configured with areference 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. The UE does not expect that the SCS associated with the PDCCH
carrying the triggering DCI is greater than the CSI-RS SCS.

- If the scheduling offset, in the numerology of the aperiodic CSI-RS, between the last symbol of the PDCCH
carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resourcesin a NZP-CS-RS
ResourceSet configured without higher layer parameter trs-1nfo and without the higher layer parameter
repetition issmaller than Y + d, where
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- Y isthe UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306],

2HCSIRS

- d=0ifthe PDCCH SCSisequa tothe CSI-RSSCSand d = 14 ~RPDOCH otherwise, where uqgrs and
Uppcen e the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,

when the reported value of beamSwitchTiming is one of the values of {14, 28, 48} .

- if thereisany other DL signal with anindicated TCI state in the same symbols as the CSI-RS, the UE
applies the QCL assumption of the other DL signal aso when receiving the aperiodic CSI-RS. The other
DL signal refersto PDSCH scheduled with offset larger than or equa to the threshold
timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than
or equal toY + d, when the UE reported threshold beamSwitchTiming is one of the values { 14,28,48} ,
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 CORESET-ID in the latest slot in which one or
more CORESET s within the active BWP of the serving cell are monitored.

- If the scheduling offset, in the numerology of the aperiodic CSI-RS, between the last symbol of the PDCCH
carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resourcesis equal to or greater than
Y + d, where

- Y isthe UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306],

2HCSIRS

- d=0ifthe PDCCH SCSisegua the CSI-RSSCSand d = 14 ~RPDOCH otherwise, where pqg;rs and
Uppcen e the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,

when the reported value of beamSwitchTiming is one of the values of {14,28,48}, the UE is expected to apply
the QCL assumptionsin the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering
state indicated by the CSI trigger field in DCI.

- A non-zero codepoint of the CSI request field in the DCI is mapped to a CSl triggering state according to the
order of the associated positions of the up to 2V7s — 1 trigger statesin CSl-AperiodicTrigger SatelList with
codepoint '1' mapped to the triggering state in the first position.

For a UE configured with the higher layer parameter CS-AperiodicTrigger Satelist, if a Resource Setting linked to a
CS-ReportConfig has multiple aperiodic resource sets, only one of the aperiodic CSI-RS resource sets from the
Resource Setting is associated with the trigger state, and the UE is higher layer configured per trigger state per Resource
Setting to select the one CSI-IM/NZP CSI-RS resource set from the Resource Setting.

When aperiodic CSI-RS is used with aperiodic CSl 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, 2, 3,
4, 16, 24} dots. The aperiodic CSI-RSistransmitted in slot n + X if the PDCCH SCSis egqual to the CSI-RS SCS and

n+1) 2rcsins + X if the PDCCH SCSis smaller than the CSI-RS SCS, where n is the ot with the triggering DCI in

2HPDCCH
the numerology of the PDCCH containing the triggering DCI, X isthe CSI-RS triggering offset in the numerology of
CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and ucgrs aNd pppccy are the subcarrier
spacing configurations for CSI-RS and PDCCH, respectively. If al the associated trigger states do not have the higher
layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCl states and the PDCCH SCSis equal to the CSI-
RS SCS, the CSI-RS triggering offset X isfixed to zero. If the PDCCH SCSis smaller than the CSI-RS SCS, the UE
does not expect that the PDCCH carrying the triggering DCI is contained in the last 10 symbols of the dot. 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.

If interference measurement is performed on aperiodic NZP CSI-RS, a UE is not expected to be configured with a
different aperiodic triggering offset of the NZP CSI-RS for interference measurement from the associated NZP CSI-RS
for channel measurement.

If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI
report triggered by different DCIs on overlapping OFDM symbols.
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5.2.1.5.2 Semi-persistent CSl/Semi-persistent CSI-RS

For semi-persistent reporting on PUSCH, a set of trigger states are higher layer configured by CSl-
SemiPersistentONPUSCH-Trigger StatelList, where the CSl request field in DCI scrambled with SP-CSI-RNTI activates
one of the trigger states. For semi-persistent reporting on PUCCH, the PUCCH resource used for transmitting the CSI
report are configured by reportConfigType. A UE is not expected to receive a DCI scrambled with SP-CSI-RNTI
activating one semi-persistent CSI report with the same CSI-ReportConfigld asin a semi-persistent CSI report which is
activated by a previously received DCI scrambled with SP-CSI-RNTI.

Semi-persistent reporting on PUCCH is activated by an activation command [10, TS 38.321], which selects one of the
semi-persistent Reporting Settings for use by the UE on the PUCCH. When the HARQ-ACK corresponding to the
PDSCH carrying the activation command is transmitted in slot n, the indicated semi-persistent Reporting Setting should

be applied starting from slot n + 3NS“2/7ametyq

slot

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

- when aUE receives an activation command [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 HARQ-ACK corresponding to the PDSCH carrying the selection command is
transmitted in slot n, the corresponding actionsin [10, TS 38.321] and the UE assumptions (including QCL
assumptions provided by alist of reference to TCI-Sate's, one per activated resource) on CSI-RS/CSI-IM
transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied starting

fromslot n + 3N/ TR 4 1. 1f a TCI-Sate referred to in the list is configured with areference to an RS

associated with 'QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in
same or different CC/DL BWP.

- when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS/CSI-IM resource set(s)
associated with configured CSI resource setting(s), and when the HARQ-ACK corresponding to the PDSCH
carrying the selection command is transmitted in slot n, the corresponding actionsin [10, TS 38.321] and UE
assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM

resource set(s) shall apply starting from slot n + 3NSEE/Tamed 4 g

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 statesin CSl-SemiPersistentOnPUSCH-Trigger Satel ist, with codepoint '0' mapped
to the triggering state in the first position. A UE validates, for semi-persistent CSl activation or release, a DL semi-
persistent assignment PDCCH on a DCI only if the following conditions are met:

- the CRC parity bits of the DCI format are scrambled with a SP-CSI-RNTI provided by higher layer parameter
$p-CS-RNTI

- Special fields for the DCI format are set according to Table 5.2.1.5.2-1 or Table 5.2.1.5.2-2.

If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of
semi-persistent CSl transmission on PUSCH, and the UE activates or deactivates a CSl Reporting Setting indicated by
CSl request field in the DCI. If validation is not achieved, the UE considers the DCI format as having been detected
with anon-matching CRC.

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

DCl format 0_1
HARQ process number setto all '0's
Redundancy version set to '00'
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Table 5.2.1.5.2-2: Special fields for semi-persistent CSl deactivation PDCCH validation

DCI format 0_1
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, set to all '1's

Redundancy version set to '00'

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 Np;. If @ UE supports Np;; Simultaneous
CSl calculationsit is said to have Np;; CSI processing units for processing CSl reports across all configured cells. If L
CPUs are occupied for calculation of CSI reportsin agiven OFDM symbol, the UE has Ny — L unoccupied CPUs. If
N CSl reports start occupying their respective CPUs on the same OFDM symbol on which N.p; — L CPUs are

unoccupied, where each CSl report n = 0, ..., N — 1 correspondsto 08?[, the UE is not required to updatethe N — M

requested CSI reports with lowest priority (according to Subclause 5.2.5), where 0 < M < N isthe largest value such

A UE is not expected to be configured with an aperiodic CSl trigger state containing more than N.p;; Reporting
Settings.Processing of a CSl report occupies a number of CPUs for a number of symbols as follows:

- Ocpy = 0 for aCsl report with CSI-ReportConfig with higher layer parameter reportQuantity set to ‘none’ and
C3-RS-ResourceSet with higher layer parameter trs-Info configured

- Ocpy = 1 for aCsl report with CS-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP',
'ssb-Index-RSRP or 'none' (and CS-RS-Resour ceSet with higher layer parameter trs-Info not configured)

- for aCsl report with CS-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', ‘cri-
RI-i1', 'cri-RI-i1-CQI", ‘cri-RI-CQI', or 'cri-RI-LI-PMI-CQI',

- if aCSl report is aperiodicaly triggered without transmitting a PUSCH with either transport block or HARQ-
ACK or both when L = 0 CPUs are occupied, where the CS| correspondsto asingle CSI with wideband
frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where
codebookType is set to 'typel -SinglePanel* or where reportQuantity is set to 'cri-RI-CQI', Ocpy = Nepy s

- otherwise, O;py = K, where K isthe number of CSI-RS resourcesin the CSI-.RS resource set for channel
measurement.

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

- A semi-persistent CSl report (excluding aninitial semi-persistent CSl report on PUSCH after the PDCCH
triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB
resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than
the corresponding CSl reference resource, until the last symbol of the PUSCH/PUCCH carrying the report.

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

- Aninitial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol
after the PDCCH until the last symbol of the PUSCH carrying the report.
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For a CSl report with CS-ReportConfig with higher layer parameter reportQuantity set to 'none’ and CS-RS
ResourceSet with higher layer parameter trs-Info is not configured, the CPU(s) are occupied for a number of OFDM
symbols as follows:

- A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSl report on PUSCH after the
PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission
occasion of periodic or semi-persistent CSI-RS/SSB resource for channel measurement for L1-RSRP
computation, until Z3 symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel
measurement for L1-RSRP computation in each transmission occasion.

- Anaperiodic CSl report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until
the last symbol between Z; symbols after the first symbol after the PDCCH triggering the CSI report and Z;
symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-
RSRP computation.

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

In any dot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources than reported as
capability. NZP CSI-RS resourceis 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-RSis configured by higher layer signalling, and ending when the periodic CSI-RS configuration isreleased. If a
CSI-RSresource isreferred by N CSl reporting settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS
resource are counted N times.

5.2.2 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 Subclause, [and an unrestricted
observation interval in frequency-TBD], the UE shall derive for each CQI value reported in uplink slot n the highest
CQI index which satisfies the following condition:

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

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

- 0.00001, if the higher layer parameter cqi-Tablein CS-ReportConfig configures 'table3' (corresponding to
Table5.2.2.1-4).

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

If aUE is configured with higher layer parameter timeRestrictionFor Channel Measurements in CSl-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 CSl 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 CS| resource setting.

If aUE is configured with higher layer parameter timeRestrictionFor I nterferenceMeasurements in CS-ReportConfig,
the UE shall derive the interference measurements for computing the CS| value reported in uplink slot n based on the
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most recent, no later than the CS| 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 isshown in Table5.2.2.1-1

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

Sub-band differential CQIl value Offset level
0 0
1 1
2 22
3 s-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 CSl reference resource according to the
Transport Block Size determination described in Subclause 5.1.3.2, and

- the modulation scheme isindicated by the CQI index, and

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

Table 5.2.2.1-2: 4-bit CQI Table

CQlindex | 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 640QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 640QAM 948 5.5547
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CQIl 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 640QAM 772 4.5234
11 64QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063

Table 5.2.2.1-4: 4-bit CQI Table 3

CQlindex | modulation [ code rate x 1024 | efficiency

0 out of range
1 QPSK 30 0.0586
2 QPSK 50 0.0977
3 QPSK 78 0.1523
4 QPSK 120 0.2344
5 QPSK 193 0.3770
6 QPSK 308 0.6016
7 QPSK 449 0.8770
8 QPSK 602 1.1758
9 16QAM 378 1.4766
10 16QAM 490 1.9141
11 16QAM 616 2.4063
12 64QAM 466 2.7305
13 640QAM 567 3.3223
14 64QAM 666 3.9023
15 640QAM 772 4.5234

52211 (void)

5.2.2.2 Precoding matrix indicator (PMI)

52221 Type | Single-Panel Codebook

For 2 antenna ports { 3000, 3001} and the UE configured with higher layer parameter codebookType set to 'typel -
SinglePanel' each PM1 value corresponds to a codebook index givenin Table 5.2.2.2.1-1. The UE is configured with the
higher layer parameter twoTX-CodebookSubsetRestriction. The bitmap parameter twoTX-CodebookSubsetRestriction
formsthe bit sequence a,...,&,3, where a, isthe LSB and a5 isthe MSB and where a bit value of zero indicates that
PMI reporting is not allowed to correspond to the precoder associated with the bit. Bits O to 3 are associated
respectively with the codebook indices0to 3 for v =1 layer, and bits 4 and 5 are associated respectively with the

codebook indicesO and 1 for v =2 layers.
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Table 5.2.2.2.1-1: Codebooks for 1-layer and 2-layer CSl reporting using antenna ports 3000 to 3001

Codebook Number of layers v
index 1 5
o | EH | 3
V2[1 2|1 -1
R
V2] 2] -]
2 i{l ]
J2|-1
3 i{ 1} _
AR

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 ve {2,3,4} (where v isthe associated RI value), each PMI value corresponds to
three codebook indices iy4 , iy 5, i, . When the number of layers ve {2,3,4} , each PMI value corresponds to four
codebook indices iy 1,1y 5,11 3,1, . The composite codebook index iy is defined by

- [ o]  ve{234)
1 |:ill P iL3:| ve {234}

The codebooks for 1-8 layers are given respectively in Tables5.2.2.2.1-5,5.2.2.2.1-6, 5.2.2.2.1-7,5.2.2.2.1-8,5.2.2.2.1-
9,5.22.21-10,5.2.2.2.1-11, and 5.2.2.2.1-12. The mapping from i; 5 to k; and k, for 2-layer reporting is givenin

Table5.2.2.2.1-3. The mapping from iy 3 to k; and k, for 3-layer and 4-layer reporting when Rog rg <16 isgivenin
Table5.2.2.2.1-4. The quantities ¢,,, 8, Uy, V| m, and Vi ,, are given by

_ Aln/2
o=
i 2zm ].2/rm(N2—l)
1 e%™% ... g OMN N,>1
Uy, =
1 N2:1
M 2nl 27 (N T
Vi,m =] Um e01Nlum ooe OGN Un
i 47 anl(N/2-) T
) i ,
\7I,m =|lUn € OlNlum e € A Un

Thevaluesof N,and N, are configured with the higher layer parameter n1-n2, respectively. The supported
configurations of (N;,N,) for agiven number of CSI-RS ports and the corresponding val ues of (0,,0,) are
givenin Table 5.2.2.2.1-2. The number of CSI-RS ports, Feg gs, iS2N; N, .

- UEshdll only use i; , =0 and shall not report iy , if the value of Nz is 1.
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The bitmap parameter n1-n2 forms the bit sequence a, _y,.... 8,8, where g, istheLSB and a, _; istheMSB and

where a bit value of zero indicates that PMI reporting is not alowed to correspond to any precoder associated with the
bit. The number of bitsisgiven by A, = N;O;N,O,. Except when the number of layers v e {3,4} and the number of

antenna portsis 16, 24, or 32, bit ay o, isassociated with all precoders based on the quantity Vj p, ,

=0,...,N;O, -1, m=0,...,N,0, —1. When the number of layers v e {3,4} and the number of antenna portsis 16, 24,
or 32,

- hits B(N,0,(21-1)+m)modNON,O, * AN,0,(2)+m and ay o, (2141)+m &€ €ach associated with all precoders based on the
quantity ¥ ,, 1=0,...,NjO,;/2-1, m=0,...,N,0, -1;

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

For UE configured with higher layer parameter codebookType set to 'typel -SinglePanel’, the bitmap parameter typel -
SinglePanel-ri-Restriction forms the bit sequence 15,...,1;, 1y where 1, isthe LSB and r; isthe MSB. When r1; is zero,

i€{01...,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-
SnglePanel-codebookSubsetRestriction-i2 forms the bit sequence b, ...,b,, by Where b, isthe LSB and b, 5 isthe
MSB. The bit b; is associated with precoders corresponding to codebook index i, = i. When b; is zero, the randomly
selected precoder for CQI calculation is not allowed to correspond to any precoder associated with the bit b;.

Table 5.2.2.2.1-2: Supported configurations of (N;,N,)and (0;,0,)

Number of

CSI-RS antenna ports, Peg.rs (N, N,) (0,0,)
4 (2,1) 4,1
8 (2,2) (4,4)

(4,1) (4,1)
(3,2) (4,4)
Y (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) (4,9)
32 (8.2) (4.,4)
(16,1) (4,1)

Table 5.2.2.2.1-3: Mapping of i3 to k; and k; for 2-layer CSl reporting

5 N, >N, >1 [ Nj=N, [ N=2,N, =1 [ N;>2,N, =1
kl k2 kl k2 kl k2 kl k2
0] 0 [o|o0o|[o0] o 0 0 0
110 |0]0|lo]| O 0 o) 0
2| 0 |0 |0]|0O 20 | o
320|000 2 | o
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Table 5.2.2.2.1-4: Mapping of i3 to k; and k; for 3-layer and 4-layer CSl reporting when R.g s <16

13

kl k2 kl k2 kl k2 kl k2 kl k2
0 O 0 (O} 0 o 0 (O} 0 (O} 0
1 20, 0 20, 0 0 O 0 O}
2 0 0 e 0 O 5 O )
3 40, 0 20, 0

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

codebookMode = 1
i s i
01..,NO-1]0,..,N,0,-1| 01,23 | W®

Il,l’ll‘Z ’IZ

1 Mim
where . S ' .
VW,m,n ,—PCSLRS DoV m

codebookMode =2, N, >1
i i I2
H L2 0 1 2 3
1 1 1 1
01l.., leol -1 | 01..., N2202 -1 Wz(ifl,zhvz,o W2(i1)11,2i1v2,1 Wz(ifl,zhvz,z Wz(ifl,zhvz,s
i i 2
H -2 4 5 6 7
@] @] @] @]
Ol...,%—l 01...,N2702—1 W2i1'1+12i1'2,0 W2i1'1+1,2i1'2,1 W2i1'1+12i1'2,2 W2i1'1+12i1'2,3
11 12 '2
' 8 9 10 11
@] @] @] @]
0%L..., leol -1 01 ,M—l W2i1v1,2i112+],0 W2i1v1,2i112+1,1 W2i1l1,2i1_2+1,2 W2i1v1,2i112+],3
l11 i1 '2
12 13 14 15
@) (@) @) )
Ol...,%—l Ol...,Nz?oz—l W2i1_1+1,2i1‘2+l,0 VV2i1‘1+L2i1_2 +11 W2i1_1+1,2i1‘2+1,2 VV2i1‘1+1,2i1_2 +13
1 Vim |
wherew® =1 | Vim |,
»\’ PCS'-RS ¢ﬂv| ,m |
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codebookMode =2, N, =1

. . i
11 12 2
’ b 0 1 2 3
N,O @ @ @ @
0,1---,712 -1 0 Wa 00 Wai” 01 Wo. 0.2 Wo. 03
i i 1
11 2
. 4 5 6 7
N,O o) @) @ M
01..., 12 1-1] 0 Wzilﬁl,o,o Wzimu,o,l W2im+1,0,2 W2i1,1+1,o,3
i i Iy
11 12
8 9 10 11
N,O @ (] (0] M
O,l...,% 100 | Woo00 | Wailio01 | Waii202 | Waii203
i i Iy
11 2
L 12 13 14 15
N,O o) 1) D) &
0,1---,% -1] 0 Wzim+3,o,o W2i1'1+3,0,1 W2i1'1+3,0,2 W2i1'1+3,0,3

where V\ﬁ%’n =

Vim

_1
"PCS-RS ¢nvl,m .

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

codebookMode = 1

i, 12 2
2
01...NO -1 | 0..,NG,=1 | 0L | W ., i
1 Vi\m M
whereW®? = == | , '
1), mm,n m OMm  —P Mt

and the mapping from iy 3 to k; and k; isgivenin Table5.2.2.2.1-3.
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codebookMode =2, N, >1
Iy Iy 2
0 1
N N,O. 2 2
0.---,—120l -1 0—22 21 W2(i1‘1),2i1'1+k1,2i1‘2,2i1'2+k2,0 W2(i1‘1),2i1'1+k1,2i1‘2,2i1'2+k2,1
Iy P l2
2 3
N N 2 2
0..., 1201 -1 0, ,—2202 -1 W2(i13+1,2i1v1+1+k1,2i1v2,2i1v2+k2,0 W2(i1v1)+1,2i1v1+1+k1,2i1v2,2i1v2+k2,1
i i I
2
H - 4 5
N N,O. 2
0,.. .,1701 -1 0,... ,% -1 Wz(iff,zimkl,zi1_2+1,2im+1+k2,o Wz(im) 21y 1k, 20y, 1,2, +1k, 1
Iy P l2
6 7
N N,O. 2 2
0,.. ',1701 -110.,... ,% -1 W2(i13+1,2i1v1+1+k1,2i12 1,21, 41k, 0 Wz(ilj+1,2i1v1+l+kl,2i1v2 1,2, ,+1+k, 1
1 3 Vi
where V\/I(Iz)m mn- an ; ) ’
e \IZPCQ_RS OV ,m _¢nvl',m'
and the mapping from iy 3 to k; and k; isgivenin Table 5.2.2.2.1-3.

codebookMode =2, N, =1
Iy 12 2
0 1 2 3
N 2 2 2 2
0, ,—1201 -1/ 0 WZ(ilvl),Zilvﬁkl,O,O,O W2(i1v1),2i1v1+k1,0,0,1 Wz(i1,1)+1,2i1,1+1+k1,o,o,o W2(i13+1,2i1v1+1+k1,0,0,1
iLl il2 2
4 5 6 7
N 2 2 2 2
O, s 11701 -1 0 Wz(i13+2,2i1_1+2+k1,0,0,0 W2(i1‘1)+2,2i1‘1+2+k1,0,0,1 W2(i1‘1)+3,2i1‘1+3+k1,0,0,0 W2(i13+3,2i1‘1+3+k1,0,0,1
1 Mi\m Vi’ m
wheew® = - - | " ' .
Llmm.n \,2PC3|.RS PMm P
and the mapping from i; 5 to k; isgivenin Table5.2.2.2.1-3.

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

codebookMode = 1-2, R-qrg <16
i1 I Iy

0...,NO-1 | 01..,N,O,-1 | 01 | W®

|1,1’|1,1+k1'|1,2 ’|1,2+k2 ’|2

3 1 VI,m VI',m’ VI,m

Fmtn \/3PCS|-RS (/)nvl,m (/)nvl’,m _¢nvl,m .
and the mapping from iy 3 to k; and k;, isgivenin Table5.2.2.2.1-4.

where W
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codebookMode = 1-2, R.q s =16

0,...,M—1 0...N,0,-1 | 01,23 | 01 | W® .
2 11°'71,20'1,3172

Vim Yim Vim

1 Hp\~/| ,m —Hp\~/| ,m 9p\7l ,m

where W(ﬁz pn =

\/ 3PCSI-RS ¢n\7l ,m (Pn\7| ,m _¢n\7l ,m

¢n9p\7l m _¢n9p\7l m _¢n9p\7l ,m

Table 5.2.2.2.1-8: Codebook for 4-layer CSI reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode = 1-2, R-g.zs <16
i1 ¥ Iy

0..,NO-1 | 01..,NO,-1 | 01 | wW®

|1,1’|1,1+k1'|1,2 ’|1,2+k2 ’|2

Vi Vi \ \Y
whereV\ﬁ) o 1 I,m 1, m I,m (0
S mn '
\ 4PCS|-RS OVm PVt TPVim P

and the mapping from iy 3 to k; and k; isgivenin Table 5.2.2.2.1-4.

codebookMode = 1-2, R-g.rs =16

0. N% 4 | 0..N0-1 | 0123 | 01 | w®

2 110 1,2'i1,3'i2
% \m Yim Y m Y m
4) 1 9p\7| m _Hpvl m Hpvl ,m —9p\7| ,m

where W( = - v J v
,m,p,n m ¢nvl m ¢I’1V| m _¢nv| m _¢nvl ,m

(Pnepvl,m _¢n6p\7l,m _¢n9p\7l,m ¢n9p\7l,m

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

codebookMode = 1-2
i i, i
N, >1 0...NO-1]0,...,N,O,-1] 01| W®

1 'I1‘1+ol 'I1‘1+ol LPILPTLP +02 I

Ny >2,N, =11 0,...,N,G -1 0 01 W +0,i,,+20,,0,0,0,i,

11711

1 M.m M.m VWi Mt V'

5)
where WO, . = .
e W/SPCSI—RS ¢nvl,m _¢nvl,m Vl',m' _VI',n’( Vl',n’f'
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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
11 P ip
(6)
N, >1 0,...NG -1 | 0...,N,O,-1 | 01 \Nim,i1'1+01,i1'1+01,i1'2,il'z,il'zﬁ-oz,iz
_ (6)
Ny >2,N,=1 | 0,...,NG -1 0 01 i1 a1 +0Lis 1 +20,,0,0,0,i,
where \M(G) _ 1 M.m Vim Vi vt Mt Vmr Monr
1 mntatn = T —— )
S \16pcs|.Rs PMm —PMm PVt Mt VP M

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

codebookMode = 1-2
i1,1 i12 i2
NGy 7
Ny=4N; =1 | 0., = -1 0 01| WY o 04500000,
_ 7
Nl > 4’ N2 =1 O" - NlOl -1 0 O’l VV}Jvi1,1+01vi1,1+201vi1,1+3]1v01010v01i2
Nl - 2’ N2 - 2 O’ U NlOl _1 O’ T N202 _1 O’l \/\/il(yl7’?1,1+ol'il,1'i1,1+ol’i1,2’i1,2’i1,2+02’i1,2+02'i2
N,O, w
Nl > 2, N2 = 2 O, veey N]_Ol _1 0, ey 2 _1 O’l i1,1ri1,1+011i1‘1vi1‘1+01’i1,2’i1,2’i1,2+02’i1,2+02'i2
Nl > 2' N2 >2 0" . Nlol -1 0" c NZOZ -1 0’1 i1(,17}1,1+01,i1,1vi1,1+olvi1,2vi1,21i1,2+02ri1,2+02vi2
1 [ Mmoo Mmoo Ve Mear Ve Mo Viar
where W(IZ)I’,I",m,m’.m” A T " " " " " " "
Y Y VFsrs [ PVim ~PaVim PVt Ve Mo M Mo

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

codebookMode = 1-2
11 I2 in
N )
N;=4,N, =1 0,. .,—1201 -1 0 01 o 1+0,1,+20,1,,4+30,0000,
_ 8)
N>4N =1 0. NG - 0 01 2t 0 +20,,+30,0000,
Nl B 2’ N2 B 2 0, o NlOl _1 0’ o N202 _1 O’l \A/il(vls’)il,1+ol'il,1'i1,1+ol’i1,2’i1,2’i1,2+02’i1,2+02'i2
N,O
Nl g 2’ N2 ) 2 O,. ”, NlOl _1 0,. o 22 - _1 0’1 \A/il(,18')il,1+01vi1‘1vi1‘1+olri1,zril,zvi1,2+ozri1,z+ozviz
Nl > 2’ N2 > 2 0, Y NlOl _1 0’ T N202 _1 0'1 \A/il(vls’)il,1+ol'il,1'i1,1+ol’i1,2’i1,2’i1,2+02’i1,2+02'i2
1 M'\m M.m Mt Mt Vit M M7 V7

(8) _
where W.I'.I”,I".m,m.n{,nf”,n =

\/8PCS|.R3 PVm —PMim ¢nVI',m' _¢nVI',m' M7t _VI’,m” VI”’,m” _VI”,m"

5.2.2.2.2

Type | Multi-Panel Codebook

For 8 antenna ports { 3000, 3001, ..., 3007}, 16 antenna ports { 3000, 3001, ..., 3015}, and 32 antenna ports { 3000,
3001, ..., 3031}, and the UE configured with higher layer parameter codebookType set to 'typel -MultiPanel’,

Thevaluesof Ny, N,and N, are configured with the higher layer parameters ng-n1-n2. The supported

configurations of ( Ng, Ny, N2) for agiven number of CSI-RS ports and the corresponding values of (O,,0,)
aregivenin Table 5.2.2.2.2-1. The number of CSI-RS ports, Feg.rs, iS 2NgN;N,.
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- 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 a, _;,....8,8, Where g, isthe LSB and a, ; isthe MSB and

where a bit value of zero indicates that PMI reporting is not alowed to correspond to any precoder associated with the
bit. The number of bitsisgivenby A =N,GN,O,. Bit ay o, isassociated with all precoders based on the quantity

Vim: 1=0,...,NjQ -1, m=0,...,N,O, -1, as defined below. The bitmap parameter ri-Restriction forms the bit

sequence Iy, ..., I, Ty where ry isthe LSB and r; isthe MSB. When r, iszero, i€ {0,1...,3}, PMI and RI reporting are
not allowed to correspond to any precoder associated with v =i +1 layers.

Table 5.2.2.2.2-1: Supported configurations of (Ng,N;,N,) and (0;,0,)

Number of
CSI-RS antenna ports, Peq.rs (Ng’ Ny, NZ) (01-02)
8 (2,2,1) (4,1)
(2,4,1) (4,2)
16 (4,2,1) (4,1)
(2.2,2) (4.4)
(2,8,1) (4,1
32 (4.4,1) (4.1)
(2/4.2) (4.4)
(4,2,2) (4,4)

Each PMI value corresponds to the codebook indices i; and i, , where i; isthe vector
i — [il,l I i1,4} v=1
17T . . .
['1,1 ho ls '1,4} ve{2,34}

and v isthe associated Rl value. When codebookModeis set to '1', iy 4 is

i i1,4,1 g 2
| =
14 . . . .
['1,4,1 l14,2 '1,4,3} Ny =4
When codebookMode is set to '2', iy, and i, are
i1,4 = [il4,1 i],4,2]
Ip = [iz,o ip1 i2,2]

The mapping from iy 3 to k and k, for 2-layer reporting is given in Table 5.2.2.2.1-3. The mapping from i; 5 to k;
and Kk, for 3-layer and 4-layer reporting isgiven in Table 5.2.2.2.2-2.

- UEshdll only use i; , =0 and shall not report iy , if the value of Nz is 1.

Table 5.2.2.2.2-2: Mapping of i3 to k; and k; for 3-layer and 4-layer CSl reporting

5 N, =2,Ny=1] Nj=4,N, =1 | N;=8 N, =1 | N,=2,N, =2 | N;=4,N, =2
Ky Ky ky Ky ky Ky ky Ky Ky Ky
0| O 0 o) 0 o) 0| O 0 o} 0
1 200 | o | 20, | © 0 o, 0 o}
2 v [0o] 3 oo o] o o
3 40, | 0 20, | o
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Several quantities are used to define the codebook elements. The quantities ¢, a,, b,, U, and v, ,, are given by

jmn/2
¢n:el /
p

Q1 — e—jlr/4ej7rn/2

i 2zm ].2/rm(N2—l)
1 e%% ... g ON N,>1
Uy, =
1 N2 :1
.2 27 (N, T
Vim=|Un € OINlum e O Un
1N, 1 2N, 1

Furthermore, the quantities W and W8T (Ng € {2,4} ) are given by

M, p,n

Vim Mim

le’l _ 1 (/7nvl,m W2’2’1 _ 1 _¢nvl,m
I, mpn — Vv I,m,p,n — Vv

JVPesirs | PoMim VFesirs PpVim

_‘/’n(pplvl,m_ __(/)n(pplvl,m

Vi,m Vi,m

(Dnvl,m _(onvl,m

¢plvl,m (Dplvl,m
\Y/ - V|

Wl4,l 3 1 ¢n¢p1 I,m W2'4'1 3 1 ¢n¢p1 I,m
I,m,p,n — vV, I,m,p,n — vV,

JPesrs | PpMim VFesirs Pp,Mim

(/7n(/7p2VI,m _(/7n(/7pzvl,m

Pp,Vim PpMm

_¢n¢p3\/|,m_ __¢n¢’:hvl,m_

where

LN, .2
mp,n

2.N,.2

and the quantities W and W 1, o'y (Ng =2) aregiven by

Vim Vim
W1’2‘2 _ 1 ¢novl,m W2’2’2 _ 1 _(pnovl,m
I,mp,n — I,mpn~ &
\/PCSI—RS aplbnl\ll'm \/PCSI—RS aplbnlvlvm
apzbnzvl,m _apzbnzvl,m
where
p=[p p.]
n=[rg n 1]

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.
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Table 5.2.2.2.2-3: Codebook for 1-layer CSl reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ny € {2,4]

ilyl Il,2 i:|.,4,q1 q:lyNg -1 i2
0,...,NO -1 | 0,...,N,O, -1 0123 01,23 | w®

a2l

1) LN, 1
where WO =W

codebookMode =2, Ny = 2
11 I2 lag, =12 20 ipq: =12
0,...,NO -1 | 0,...,N,O, -1 0123 0123 01 w®

2l

1) LN,,2
where WO =W

Table 5.2.2.2.2-4: Codebook for 2-layer CSI reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ny € {2,4]

il,l |:L2 iZL4,q’ q=l,,Ng —1 i2
2
0..,NO -1 0,...,N,O, -1 0123 01 | W2 i,
2 1 AN (2N L
where W?I’?mm,p,n =E[Vvl,m,p,n W ! p,n}

and the mapping from i; 5 to k; and k; isgivenin Table5.2.2.2.1-3.

codebookMode = 2, Ng =2

Iy Iy l4q:d=12 | i54,0=012
0,...,NO -1 | 0,...,N,O, -1 01423 0,1 Vvil(i?l,ﬁkl,il,z,i1,2+k2,i“,i
2 1M LN,.2 2N,.2 ]
where Wfl'?m,m', p.n = E[\M,m, p,n VVI',m', p.n |

and the mapping from iy 3 to k; and k; isgivenin Table5.2.2.2.1-3.

Table 5.2.2.2.2-5: Codebook for 3-layer CSI reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ny € {2,4]

11 it2 lpaq, d=1...,Ng=1| i,
0..,NO -1 0,...,N,O, -1 0123 01 | w®

il,l’i1,1+k1'i1,2'i1,2+k2’i1,4'-2
3 1 LN, 1 1N, 1 2,N, 1
WherevvI,I’,m,m’,p,n _ﬁ W,m,?},n ’,m’g,p,n W,m, E),n

and the mapping from iy 3 to k; and k; isgivenin Table 5.2.2.2.2-2.
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5.2.

codebookMode =2, Ny =2
0,...,NO -1 |0,...,N,O,-1 | 0123 0,1 w® SO

|11’|1,1+k1 |12 11,4072

where W® LNg.2 g LNy 2 2N 2}

I,17,m,m’, p,n — \/’|: mpn Impn \Mmpn

and the mapping from iy 3 to k; and k; isgivenin Table 5.2.2.2.2-2.

Table 5.2.2.2.2-6: Codebook for 4-layer CSI reporting using antenna ports 3000 to 2999+Pcsirs

codebookMode =1, Ny € {2,4]

ilvl Il,2 il,4,q! q:lraNg -1 i2
0....,NG -1} 0,...,N;G, -1 0123 01 Wil(j?l,ﬁkillzl Koy gl
l.N 1 lN 1 2,N_ 1 2,Ng,l
where\/\4(| ,m,n7,p,n \/’|: m,p.n W m p.n \Mmpn Vvl’,m’,p,n:|

and the mapping from iy 3 to k; and k; isgivenin Table 5.2.2.2.2-2.

codebookMode = 2, Ng =2

Ig Iy 140912 | i4,9=0,12
0...NO-11]0..NO-1| 0123 01 W itk
LN, 2 (LN, 2 2N,,2 2N,,2
Wherew(lmmpn \/’|: ,m,p,n Impn \Mmpn men:|

and the mapping from i; 5 to k; and k; isgivenin Table5.2.2.2.2-2.

2.2.3 Type Il Codebook

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

Thevaluesof N,and N, are configured with the higher layer parameter n1-n2-codebookSubsetRestriction. The
supported configurations of (N;,N,) for agiven number of CSI-RS ports and the corresponding values of
(0,,0;) aregivenin Table 5.2.2.2.1-2. The number of CSI-RS ports, Feg rs,is 2N, N, .

Thevalueof L isconfigured with the higher layer parameter number OfBeams, where L =2 when Pq.rs =4
and Le {2,3/4} when Rqrs>4.

Thevalue of Npg isconfigured 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.

When v <2, where v isthe associated RI value, each PMI value corresponds to the codebook indices i; and i, where
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- {[il,l PR i1,4,1:| v=1
1= . . . . . .
|:'1,1 2 la1r lax hs2 '1,4,2] v=2
(1521 ] subbandAmplitude = false, v =1
_ (1301 21z subbandAmplitude = fase, v =2
2 [ipns a2 subbandAmplitude = ‘true, v =1

[iy01 ioo1 1oz Iz, ] SubbandAmplitude = true, v =2

The L vectors combined by the codebook are identified by theindices i;; and i ,, where

i =[G
¢ <{01....,0,-1}
o {01...,0,-1

o M0

Let
= [r, 9
n, :[ngo),...,néL’l)}
ne{01...,N; -1}
n{e{0,1...,N, -1}
and

where the valuesof C(x,y) aregivenin Table5.2.2.2.3-1.

Then the elementsof ny and n, are found from iy , using the algorithm:
S_1=0
fori=0,...,L-1
Find the largest X' € {L—1~i,...,N;N, ~1-i} in Table 5.2.2.2.3-1 such that iy, —§_; > C(x , L —i)
g =C(x*,L—i)
§=5a+€
n) = N;N, —1-X
nf) =n" mod N,
(i) _ 1)
o ()
5 =
Nl

When n, and n, areknown, i, isfound using:

n) = Nln(zi) +n£i) wheretheindices i =0,1,...,L —1 are assigned such that n") increasesas i increases
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-

1 )
= C(NlN2 -1- n('),L—i),where C(x,y) isgivenin Table5.2.2.2.3-1.

h2

Il
o

- 1f Ny=1,q,=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;)=(41) 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, n,=[0,1,0,1] andn, =[0,0,1,1], and iy, 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 |, 1 =1,...,v isidentified by i 5, €{0,1,...,2L -1} .
The amplitude coefficient indicators iy 4, and i, are

Ia) = [kl(,%)) ' ki(,l) e kl(,lZ)L—l:|

i2,2,| = |:k|(?) ’ k1(?) yeeny kl(,22)L71:|

kP e{o1...,7}

ki e {01}

for I =1,...,v . The mapping from k7 to the amplitude coefficient p} isgivenin Table 5.2.2.2.3-2 and the mapping

from k% to the amplitude coefficient p& isgiven in Table 5.2.2.2.3-3. The amplitude coefficients are represented by
P = [ PD. A p|(,lz)L71}

p|(2) - |: pl(?g, pl(i) yeees p|(,22)|__1:|
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forl=1...,v.

Table 5.2.2.2.3-2: Mapping of elements of i4: kP to p?

1 1
kl(,i) (i)

0

(&)

)]

sEEEEEENR

Table 5.2.2.2.3-3: Mapping of elements of iy, : k9 to p®?

K® p@
0 2
1 1

The phase coefficient indicators are
PEN =|:CI,0'CI,1!"'!CI,2L—1:|

forI=1,...,v.
The amplitude and phase coefficient indicators are reported as follows:

- Theindicators k? =7, k? =1,andq; =0 (I=1..,v). k& , k® ,and g  arenotreported for
1=1...,0.
Theremaining 2L —1 elementsof i; 4, (1 =1...,v) arereported, where k,(}) €{01....7} . Let M| (I =1,...,v
) be the number of elements of iy 4 that satisfy k) > 0.

- Theremaining 2L -1 elementsof i, and i, (I =1...,0 ) arereported asfollows:

- When subbandAmplitude is set to 'false,

K =1for1=1...,0,and i=01...,2L~1. i,,, isnot reportedfor I =1,...,v.

- For1=1...,v,theelementsof i,;, corresponding to the coefficients that satisfy kﬁ) >0, i#i3,8s

determined by the reported elements of iy 4, , are reported, where ¢ ; € {0,1,..., Npg —1} and the
remaining 2L —M, elementsof i,,, arenot reported and aresetto G; =0.

- When subbandAmplitude is set to ‘true’,
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- Forl=1...,v,theelementsof i, and i, corresponding to the min(MI ,K(Z))—l strongest

coefficients (excluding the strongest coefficient indicated by iy 3, ), as determined by the corresponding

reported elements of i, 4, are reported, where kﬁ) {04} and ¢; €{0,1,...,Npg —1} . The values of

K@ aregivenin Table5.2.2.2.3-4. The remaining 2L — min(M| K@ ) elementsof i,,, arenot

reported and are set to kff) =1. Theelementsof i,,, corresponding to the M, — min(M, : K(Z)) weakest

non-zero coefficients are reported, where ¢ ; € {0,1,2,3} . Theremaining 2L —M, elementsof i,,, are

not reported and are setto G; =0.

- When two elements, k) and k), of the reported elements of i ,; areidentical (k) =k)), then

element min(x,y) is prioritized to beincluded in the set of the min(M| ,K(z))—l strongest coefficients

for iy, and iy, (1=1...,v) reporting.

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

L K@
2 4
3 4
4 6

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

) =on) 4
mg) =02ng) +0

for i=0,1...,L-1, and the quantities ¢, ;, Uy, and Vv, ,, are given by

ejzztcl‘l/NPSK

ejzﬂ-cl,l/NPSK

Pi= i2re, /4

subbandAmplitude = false'
subbandAmplitude = ‘true, min(MI K® ) strongest coefficients (including iy 5, ) with k,(}) >0

subbandAmplitude= ‘true', M, — min(MI , K(z)) weskest coefficients with k7 > 0

subbandAmplitude= ‘true', 2L — M, coefficientswith k) =0

; 27m(N, 1)
e OMN N,>1

1 N2:1

27 (N, T
e ON
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Table 5.2.2.2.3-5: Codebook for 1-layer and 2-layer CSl reporting using antenna ports 3000 to
2999+Pcsirs

Layers
@ 1
v=1 o= .
R - P PR T, S - PP
V=2 @ _ 11 2
%:Q2:W:”2:p:{1)'p§2) :i2,1,1:p§1) ) pézj 212 \/E %:Q2:W:”2:pl(l)vpi2) 211 G G2, N, pél)rpéz) 212

L-1

1 s
002§ ® O
NlNZZ(p“ o ) le(”,mg) FAE AR N

i=0 i=0

and the mappings from i; to ¢, Gp, Ny, Ny, pfl),and Py, and fromi, to i514, in15, pfz) and ng> are as described

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

D H3
Vim0 P PR

where W' ® ,1=12,

@, P PP G

When the UE is configured with higher layer parameter codebookType set to ‘typell', thebitmap parameter typel I -
RI-Restriction forms the bit sequence 1,1, where ry isthe LSB and r, isthe MSB. When r, iszero, i€ {0,1}, PMI and

RI reporting are not allowed to correspond to any precoder associated with v =i+1 layers. The bitmap parameter nl-
n2-codebookSubsetRestriction forms the bit sequence B = B, B, where bit sequences B;, and B, are concatenated to

form B.Todefine B, and B, first define the 0,0, vector groups G(ry,r,) as
G(r 1) ={WgrxNex, - % =00, N =1 %, =0,1,...,N, ~1}

for

ne{01....0,-1
r,e{01...,0,-1

The UE shall be configured with restrictions for 4 vector groups indicated by (rl(k) , rz(k)) for k=0,1,2,3 and identified
by the group indices

¥ ~orf i

for k=0,1,...,3, where the indices are assigned such that g(k) increases as k increases. The remaining vector groups
are not restricted.

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

- IfN,>1, B =bl(1°)-~-bl(°) is the binary representation of theinteger 3, where bl(lo) isthe MSB and bl(o) isthe
LSB. fisfound using:

b= iC(OlOZ -1- g(k)-4_k) '
k=0

where C(X,y) isdefined in Table 5.2.2.2.3-1. The group indices g(k) and indicators (rl(k),rz(k)) for
k =0,1,2,3 may befound from £, using the algorithm:
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Find the largest X' € {3-k,...,0,0, ~1~k} suchthat 4, 5.4 >C(X,4-K]|
a, =C(x*,4—k)

S = Sc1+ &

g =00, -1-x

M = g™ modo,

" (g(k) _ l(k))
o}

The bit sequence B, = Bgo) Bgl) B§2> Bf’) is the concatenation of the bit sequences Bék) for k=0,1...,3, corresponding
to the group indices g(k) . The bit sequence ng) isdefined as

ng) _ bgk,ZNlNz—l) ‘_.bgk,o)

Bits b§“< le?”l)ﬂ)bgk‘z(NlX”‘)) indicate the maximum allowed amplitude coefficient pf? for the vector in group g'¥)

indexed by %, X, , where the maximum amplitude coefficients are given in Table 5.2.2.2.3-6.

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

Maximum
Bits Amplitude
k,2(N, 1), (k,2(N, Coefficient
bg (N, %)+ )bg (N, +%,)) o
P
00 0
01 /1/4
10 12
11 1
52224 Type Il Port Selection Codebook

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

- The number of CSI-RS portsisgiven by Peg.grs <€ {4,8,12,16, 24,32} as configured by higher layer parameter
nrofPorts.

- Thevalueof L isconfigured with the higher layer parameter number OfBeams , where L =2 when Prgrs =4
and Le {2,3/4} when Rqrs>4.

- Thevalueof d isconfigured with the higher layer parameter portSelectionSamplingSize, where d € {1,2,3,4}

and d < min(%,q.

- Thevalueof Npg isconfigured with the higher layer parameter phaseAlphabetSize, where Npg € {4,8} .

- The UE s configured with the higher layer parameter subbandAmplitude set to 'true or ‘false'.
- TheUE shdl not report RI > 2.
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The UE is aso configured with the higher layer parameter typel I-PortSelectionRI-Restriction. The bitmap parameter
typell-PortSel ectionRI-Restriction forms the bit sequence 1;,1ry where ry isthe LSB and r, isthe MSB. When r; is

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

When v <2, where v isthe associated RI value, each PMI value corresponds to the codebook indices i; and i, where

i = {[ill Iy,31 i1,4,1} v=1

|:ill 31 ha1 l32 i:L4,2J v=2

[i511] subbandAmplitude = 'fase, v =1
Al o] subbandAmplitude = false, v=2
2= [i21 i221] subbandAmplitude = ‘true;, v =1

The L antenna ports per polarization are selected by theindex i;; , where

i€ {O,L...,{PCZS—ERSWA}.

The strongest coefficient on layer |, 1 =1,...,v isidentified by i, 5, €{0,1,...,2L-1} .

The amplitude coefficient indicators iy 4, and i, are

g = K KD kD |
Ip21 = |:kl(,20) ' ki(,Z) "“’kl(,ZZ)L—l:|
kP e{041...,7}
ki e{0.1}
for I =1,...,v . The mapping from k7 to the amplitude coefficient p} isgivenin Table 5.2.2.2.3-2 and the mapping

from kl(f) to the amplitude coefficient TS givenin Table 5.2.2.2.3-3. The amplitude coefficients are represented by

W

o <[ 3. 5]

o =[-8
forl=1...,0.

The phase coefficient indicators are

PEN =|:CI,0'CI,1!"'!CI,2L—1:|
forI=1,...,v.
The amplitude and phase coefficient indicators are reported as follows:

- Theindicators k? =7, k@ =1,andq; =0 (I=1..,v). Kk , k® ,and g arenotreported for
1=1...,0.

- Theremaining 2L -1 elementsof iy4; (I =1...,v) arereported, where k,(yil)e{o,],...]} Let M, (I=1...,v
) be the number of elements of i, 4 that satisfy kP >0.
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Theremaining 2L -1 elementsof i, and i, (1 =1...,v) arereported as follows:

When subbandAmplitude is set to ‘false,

kff) =1forl=1...,0,andi=0,1...,2L-1. i, isnotreportedfor | =1,...,v.

For 1 =1...,0,the M, —1 elements of i, corresponding to the coefficients that satisfy k' >0,
i #iy 3, as determined by the reported elements of iy 4, , are reported, where ¢;; € {0,1,..., Npg —1} and
theremaining 2L —M, elementsof i,,, arenot reported and aresetto G; =0.

When subbandAmplitudeis set to 'true,

- Forl=1...,0,theelementsof iy, and i,  corresponding to the min(M,,K(z))—l strongest

coefficients (excluding the strongest coefficient indicated by iy 3, ), as determined by the corresponding
reported elements of i, 4, are reported, where k,(f) {04} and ¢;; €{0,1,...,Npg —1} . The values of
K@ aregivenin Table5.2.2.2.3-4. The remaining 2L — min(M| K@ ) elementsof i,,, arenot
reported and are set to k& =1. The elements of i, corresponding to the M, — min(Ml : K(Z)) weakest

non-zero coefficients are reported, where ¢ ; € {0,1,2,3} . Theremaining 2L —M, elementsof i,,, are

not reported and are setto G; =0.

When two elements, k) and k), of the reported elements of iy 5, areidentical (k) =k ), then
element min(x,y) is prioritized to beincluded in the set of the min(M, K@ ) —1 strongest coefficients

for iygy and iy, (1=1,...,v) reporting.

The codebooks for 1-2 layers are given in Table 5.2.2.2.4-1, where the quantity ¢, ; isgiven by

1

el?75i/Nes qubbandAmplitude = false'

@l 276/ Nosx subbandAmplitude= ‘true, min(MI , K(Z)) strongest coefficients (including i; ;) with k,(}) >0

el2™ /% gubbandAmplitude= ‘true, M, — min(M,,K® ) weakest coefficients with k) >0

subbandAmplitude= ‘true, 2L — M, coefficients with ki(}) =0

and V,, isa P-q.rs/2 -element column vector containing avalue of 1 in element (mmod Pg.rs/2) and zeros
elsewhere (where the first element is element 0).
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Table 5.2.2.2.4-1: Codebook for 1-layer and 2-layer CSl reporting using antenna ports 3000 to
2999+Pcsirs

Layers
- ) —\W!
v= 1 il,lvp.El)vpl(Z)viZ,l,l —Vviuyp}n'pl(z) yi2,1,1
1
_ W(Z) - Wl W2
v 2 i1, pil) : p1(2) 2110 pg) ) pézj 212 \/E i1, pil) : p1(2) 211 i1 pél) s sz) 212
N @ 4@
1 Zvimdﬂ PP
where W' W@, = =0 , 1=1,2,
s B Rz 2L-1 0 @ \2 L-1 @ @
( B B ) Zvimdﬂ B PLiL P
i=0 i=0
i i toi @ m i i i (2) (2 i i i
and the mappingsfrom Iy to 131, Py~ ,and Py’ andfromly to 1544, 1212, P~ ,and p,~ areas described above, including
the ranges of the constituent indices of i; and i .

5.2.2.3 Reference signal (CSI-RS)
5.2.2.3.1 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 CS -ResourceConfig, and NZP-CS -RS-ResourceSet. Each NZP CSI-RS resource set consists of K>1 NZP
CSI-RS resource(s).

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

- nzp-C9-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 Subclause 7.4.1.5 of [4, TS 38.211].

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

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

- powerControl OffsetSS: which is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE.
- scramblingl D defines scrambling 1D of CSI-RS with length of 10 bits.
- bwp-Id in CS-ResourceConfig defines which bandwidth part the configured CSI-RSislocated in.

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

- gcl-InfoPeriodicC3-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the
TCI-Sateis 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-CY-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume
that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CS-RS
ResourceSet is the same as described in Subclause 5.1.6.1.1 and can be configured when reporting setting is not
configured or when the higher layer parameter reportQuantity associated with all the reporting settings linked
with the CSI-RS resource set is set to 'none'.

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

The UE expectsthat all the CSI-RS resources of aresource 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
Subclause 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 | E configured by the higher layer parameter freqBand within the
C3-RS-ResourceMapping |E. Both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the
reference point for startingRB is CRB 0 on the common resource block grid. If startingRB < N3¢, the UE shall
assume that the initial CRB index of the CSI-RS resource is Nijiq kg = NSHent, otherwise Nipiviar rp = StartingRB.
If nrofRBs > N§Z8 + NSEE — Nipiviar r» the UE shall assume that the bandwidth of the CSI-RS resource is
NEW oo = N§Z8 + NSESTE — Nipivias rp» Otherwise NEW_ .« = nrofRBs. Inall cases, the UE shall expect that

NE§{_gs = min(24, Ngi5).

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

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

The following parameters are configured via higher layer parameter CSl-1M-Resource for each CSI-IM resource
configuration:

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

- subcarrierLocation-p0 or subcarrierLocation-pl defines subcarrier occupancy of the CSI-IM resource within a
dot for csi-IM-Resour ceElementPattern set to 'pattern0’ or 'patternl’, respectively.

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

- periodicityAndOffset defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM.
- fregBand includes parameters to enable configuration of frequency-occupancy of CSI-IM

In each of the PRBs configured by freqBand, the UE shall assume each CSI-IM resourceislocated in,
- resource elements (Keg_iv»lcsi-ivm )+ (Kesioim s lesioim +3), (kes—im +11cg-im ) and

(kes_im +L1cg_im +1), if csi-IM-ResourceElementPattern is set to 'pattern0’,

- resource elements (Keg i +lcg-im )+ (Kesoim +L1ca-im )+ (Kesoim +21caoim ) and (Keg_im +31cs-im)
if csi-IM-Resour ceElementPattern is set to 'patternl’,

where Keg_jy and lcg_;y arethe configured frequency-domain location and time-domain location, respectively, given
by the higher layer parameters in the above list.

5.2.25 CSl reference resource definition

The CSlI reference resource for a serving cell is defined as follows:
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- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CSI relates.

- Inthetime domain, the CSI reference resource for a CSl reporting in uplink slot n' is defined by asingle
downlink slot n-ncg_ref,

DL

2/4.JL

- where N ZLH'- J and y, and g, arethe subcarrier spacing configurations for DL and UL, respectively

- where for periodic and semi-persistent CSI reporting

- if asingle CSI-RS resource is configured for channel measurement ncg rer IS the smallest value greater
than or equal to 4 - 2*PL, such that it corresponds to avalid downlink slot, or

- if multiple CSI-RS resources are configured for channel measurement ncg ref iSthe smallest value greater
than or equal to 5- 2" , such that it corresponds to a valid downlink dot.

- wherefor aperiodic CSI reporting, if the UE isindicated by the DCI to report CSl in the same slot as the CSI
reguest, Ncs_ref 1S such that the reference resourceis in the same valid downlink slot as the corresponding CSI

request, otherwise ncg_ref IS the smallest value greater than or equal to \_Z' / Ng,?f\bj, such that dlot n- Neg_rer

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

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

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

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

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

When DRX is configured, the UE reports a CSl report only if receiving at least one CSI-RS transmission occasion for
channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later
than CSl reference resource and drops the report otherwise.

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

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

- Thefirst 2 OFDM symbols are occupied by control signaling.

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

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

- The bandwidth as configured for the corresponding CQI report.

- 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.
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- Theratio of PDSCH EPRE to CSI-RS EPRE is as given in Subclause 4.1.
- Assume no REsalocated for NZP CSI-RS and ZP CSI-RS.

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

- Assume the same number of additional DM-RS symbols as the additional symbols configured by the higher
layer parameter dmrs-Additional Position.

- Assume the PDSCH symbols are not containing DM-RS.
- Assume PRB bundling size of 2 PRBs.

- The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed
with up to 8 transmission layers as defined in Subclause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE
should assume that PDSCH signals on antenna portsin the set [1000,..., 1000+v-1] for v layers would result in
signal's equivalent to corresponding symbols transmitted on antenna ports [3000,..., 3000+P-1], as given by

yG00 @) xO(D)

y(3000+P—1)(l~) x(v—l)(i)

where X(i) = [x(o) (i)..x(V_l) (i)]r isavector of PDSCH symbols from the layer mapping defined in Subclause
7.3.140f [4,TS3821]], Pe [l2,4,8,12,16,24,32] 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 CS-ReportConfig for which the CQI is
reported is set to either ‘cri-RI-PMI-CQI" or ‘cri-RI-LI1-PMI-CQI', W(i) is the precoding matrix corresponding to
the reported PMI applicableto x(i). If the higher layer parameter reportQuantity in CS-ReportConfig for which
the CQI isreported is set to ‘cri-RI-CQI', W(i) is the precoding matrix corresponding to the procedure described
in Subclause 5.2.1.4.2. If the higher layer parameter reportQuantity in CSl-ReportConfig for which the CQI is
reported is set to ‘cri-RI-i1-CQI', W(i) is the precoding matrix corresponding to the reported i1 according to the
procedure described in Subclause 5.2.1.4.The corresponding PDSCH signals transmitted on antenna ports
[3000,...,3000 + P - 1] would have aratio of EPRE to CSI-RS EPRE equal to the ratio given in Subclause 4.1.

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 which triggers an aperiodic CSI trigger state.

An aperiodic CSl report carried on the PUSCH supports wideband, and sub-band frequency granularities. An aperiodic
CSl report carried on the PUSCH supports Type | and Type Il CSl.

A UE shall perform semi-persistent CSI reporting on the PUSCH upon successful decoding of a DCI format 0_1 which
activates a semi-persistent CSl trigger state. DCI format 0_1 contains a CSl request field which indicates the semi-
persistent CSl trigger state to activate or deactivate. Semi-persistent CSI reporting on the PUSCH supports Type | and
Type Il CSI with wideband, and sub-band frequency granularities. The PUSCH resources and MCS shall be allocated
semi-persistently by an uplink DCI.

CSl reporting on PUSCH can be multiplexed with uplink data on PUSCH. CSI reporting on PUSCH can also be
performed without any multiplexing with uplink data from the UE.

Type | CSl feedback is supported for CSl Reporting on PUSCH. Type | wideband and sub-band CSlI is supported for
CSl Reporting on the PUSCH. Type Il CSl is supported for CSI Reporting on the PUSCH.

For Typel and Type Il CSI feedback on PUSCH, a CSl report comprises of two parts. Part 1 has a fixed payload size
and is used to identify the number of information bitsin Part 2. Part 1 shall be transmitted in its entirety before Part 2.

- For Typel CSl feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword. Part 2
contains PMI (if reported) and contains the CQI for the second codeword when RI (if reported) is larger than 4.

- For Typell CSl feedback, Part 1 contains RI (if reported), CQI, and an indication of the number of non-zero
wideband amplitude coefficients per layer for the Type |l CSl (see sub-clause 5.2.2). The fields of Part 1 — Rl (if
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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.

A Typell CSl report that is carried on the PUSCH shall be computed independently from any Type Il CSI report that is
carried on the PUCCH formats 3 or 4 (see sub-clause 5.2.4 and 5.2.2).

When the higher layer parameter reportQuantity is configured with one of the values ‘cri-RSRP' or 'ssb-1ndex-RSRP,
the CSI feedback consists of a single part.

For both Type | and Type Il reports configured for PUCCH but transmitted on PUSCH, the encoding scheme follows
that of PUCCH as described in Subclause 5.2.4.

When CSl 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 Ngg, isthe number of CS reports configured to be
carried on the PUSCH. Priority O isthe highest priority and priority 2Ngg, isthe lowest priority and the CSl report n
corresponds to the CSI report with the nth smallest Pri; csi(y,k,c,s) value among the Nge, CSI reportsas defined in

Subclause 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 CSl information for a particular priority level, the UE shall omit all of the information at that priority level.

Table 5.2.3-1: Priority reporting levels for Part 2 CSI

Priority O:
Part 2 wideband CSl for CSl reports 1to Ngg,

Priority 1:

Part 2 subband CSI of even subbands for CSI report 1
Priority 2:

Part 2 subband CSI of odd subbands for CS| report 1
Priority 3:

Part 2 subband CSI of even subbands for CSI report 2
Priority 4

Part 2 subband CSI of odd subbands for CS| report 2

Priority 2Ngg, —1:
Part 2 subband CSlI of even subbands for CSI report Nge,

Priority 2Ngg,:
Part 2 subband CSI of odd subbands for CSI report Nge,

When the UE is scheduled to transmit atransport block on PUSCH multiplexed with a CSl report(s), Part 2 CSl is

mba\ _1

omitted only when ’7(OCS|2 T legy) BRSO Z MY (1) /

CUL*&ZH -1

K w islarger than

r=0

NPUSCH 1
{ z M (I)} Qucx — Qe s » Where parameters O, , Lega ﬁo’?;JSZCH N;lrfwi(;?' MUCl (I)’ Corson Ki
Q'cg1 Q'ack and o are defined in section 6.3.2.4 of [5, TS 38.212].

Part 2 CSI isomitted level by level, beginning with the lowest priority level until the lowest priority level is reached

symb.all

which causes the {(Ocaﬁ Leg,) AU ,N z_l Ul /C“Li“ K w to be less than or equal to

offset
1=0

|7 Z M < (I)“ Q:ACK _Qlcs -1
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When part 2 CSl is transmitted on PUSCH with no transport block, lower priority bits are omitted until Part 2 CSI code
rate, which isgiven by (0.2 + Lesiz)/(N, - Q'csiz - Q) Where Ocgrz, Lesiz Np Q'csi2r Q,, are given in subclause
6.3.2.4 of [5, 38.212] before HARQ-ACK puncturing part 2 CSl if any, is below athreshold code rate c; lower than
one, where

R
CI' - -part2
offset

- BSPisthe €SI offset value from Table 9.3-2 of [6, TS 38.213]

- Rissignaed coderatein DCI

If the UE isin an active semi-persistent CSl reporting configuration on PUSCH, the CSI reporting is deactivated when
either the downlink BWP or the uplink BWP is changed. Another activation command is required to enables the semi-
persistent CSl reporting.

5.2.4 CSl reporting using PUCCH

A UE is semi-statically configured by higher layers to perform periodic CSl 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 CS| Resource Settings are higher layer configured. Periodic CSI reporting on
PUCCH formats 2, 3, 4 supports Type | CSI with wideband granularity.

A UE shall perform semi-persistent CSI reporting on the PUCCH applied starting from slot n + 3N “2/7*™e4 4 1 after
the HARQ-ACK corresponding to the PDSCH carrying the selection command [10, TS 38.321] istransmitted in slot n.
The selection command will contain one or more Reporting Settings where the associated CSlI Resource Settings are
configured. Semi-persistent CSl reporting on the PUCCH supports Type | CSI. Semi-persistent CSl reporting on the
PUCCH format 2 supports Type | CSI with wideband frequency granularity. Semi-persistent CSl reporting on PUCCH

formats 3 or 4 supports Type | CSI with wideband and sub-band frequency granularities and Type Il CSl Part 1.

When the PUCCH carry Type | CSI with wideband frequency granularity, the CSl payload carried by the PUCCH
format 2 and PUCCH formats 3, or 4 are identical and the same irrespective of RI (if reported), CRI (if reported). For
type | CSl 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 Rl > 4.

A semi-persistent report carried on the PUCCH formats 3 or 4 supports Type |1 CSI feedback, but only Part 1 of Type I
CSl feedback (See sub-clause 5.2.2 and 5.2.3). Supporting Type || CSl reporting on the PUCCH formats 3 or 4 isa UE
capability type2-SP-CS -Feedback-LongPUCCH. A Type Il CSl report (Part 1 only) carried on PUCCH formats 3 or 4

shall be calculated independently of any Type Il CSl reports carried on the PUSCH (see sub-clause 5.2.3).

When the UE is configured with CSI Reporting on PUCCH formats 2, 3 or 4, each PUCCH resource is configured for
each candidate UL BWP.

If the UE isin an active semi-persistent CSl reporting configuration on PUCCH, and has not received a deactivation
command, the CSI reporting takes place when the BWP in which the reporting is configured to take place is the active
BWP, otherwise the CSI reporting is suspended.

A UE isnot expected to report CS| with atotal number of UCI bits and CRC bits larger than 115 bits when configured
with PUCCH format 4. For CSl reports transmitted on a PUCCH, if all CSl reports consist of one part, the UE may omit
aportion of CSl reports. Omission of CSl is according to the priority order determined from the Prii csi(y,k,c,s) value as
defined in Subclause 5.2.5. CSI report is omitted beginning with the lowest priority level until the CSI report code rate
isless or equal to the one configured by the higher layer parameter maxCodeRate.

If any of the CSl reports consist of two parts, the UE may omit a portion of Part 2 CSl. Omission of Part 2 CSl is
according to the priority order shown in Table 5.2.3-1. Part 2 CSl is omitted beginning with the lowest priority level
until the Part 2 CSl code rate isless or equal to the one configured by higher layer parameter maxCodeRate.
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525 Priority rules for CSI reports

CSl reports are associated with a priority value Pri;cq; (v, k,¢,5) =2 Negyys Mg -y + Neoyys *Ms -k + Mg -c + s
where

- y=0 for aperiodic CSI reportsto be carried on PUSCH y =1 for semi-persistent CSl reportsto be carried on
PUSCH, y =2 for semi-persistent CSl reportsto be carried on PUCCH and y = 3 for periodic CSl reports to be
carried on PUCCH,;

- k=0 for CSl reportscarrying L1-RSRP and k =1 for CSl reports not carrying L1-RSRP;
- cistheserving cell index and N, is the value of the higher layer parameter maxNrofServingCells;

- sisthereportConfiglD and M ;isthe value of the higher layer parameter maxNrofCS -ReportConfigurations.

A first CSl report is said to have priority over second CSl report if the associated Pri;q (y,k,c,s) valueis 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 CSlI reports,

- if y values are different between the two CSI reports, the following rules apply except for the case when one of
they value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Subclause
5.2.3; for CSl reports transmitted on PUCCH, as described in Subclause 5.2.4):

- TheCSlI report with higher Priics(y, k.c, S) value shall not be sent by the UE.

- otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in
Subclause 9.2.5.2in [6, TS 38.213].

If a semi-persistent CSI report to be carried on PUSCH overlapsin time with PUSCH data transmission in one or more
symbols, and if the earliest symbol of these PUSCH channels starts no earlier than No+d, 1 symbols after the last symbol
of the DCI scheduling the PUSCH, the CSI report shall not be transmitted by the UE. Otherwise, if the timeline
requirement is not satisfied thisis an error case.

If a UE would transmit a first PUSCH that includes semi-persistent CSl reports and a second PUSCH that includes an
UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does
not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH
transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the
first or second PUSCH transmissionsisin response to a DCI format detection by the UE.

5.3 UE PDSCH processing procedure time

If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-
ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than
at symbol L, where L, is defined as the next uplink symbol with its CP starting after

T .. =(N;+d,,)(2048+144) - k2* -T_ after the end of the last symbol of the PDSCH carrying the TB being
acknowledged, then the UE shall provide avalid HARQ-ACK message.
- Njpisbased on 1 of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where
corresponds to the one of (UepccH, MeoscH, Hul) resulting with the largest Toroc,1, Where the Pepcer corresponds to
the subcarrier spacing of the PDCCH scheduling the PDSCH, the ppsch corresponds to the subcarrier spacing of

the scheduled PDSCH, and plu. corresponds to the subcarrier spacing of the uplink channel with which the
HARQ-ACK isto be transmitted, and « is defined in subclause 4.41 of [4, TS 38.211].

- If the PDSCH DM-RS position [; for the additional DM-RSin Table 7.4.1.1.2-3 in subclause 7.4.1.1.2 of [4, TS
38.211] isl; = 12 then Nyo=14in Table 5.3-1, otherwise N1,0=13.
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- 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 subclause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is
on the i-th symbol of the slot wherei <7, thendy1= 7 - i, otherwise d;1= 0

- For UE processing capability 1. If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211],
and

- if the number of PDSCH symbols allocated is 7, then di1 = 0,
- if the number of PDSCH symbols alocated is 4, thendy1 =3

- if the number of PDSCH symbols alocated is 2, then di,1 = 3+d, where d is the number of overlapping
symbols of the scheduling PDCCH and the scheduled PDSCH.

- For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211],
- if the number of PDSCH symbols allocated is 7, then di1 =0,

- if the number of PDSCH symbols allocated is 4, then dy1 is the number of overlapping symbols of the
scheduling PDCCH and the scheduled PDSCH,

- if the number of PDSCH symbols alocated is 2,

- if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same
starting symbol, then di1 = 3,

- otherwise dy,1 isthe number of overlapping symbols of the scheduling PDCCH and the scheduled
PDSCH.

- For UE processing capability 2 with scheduling limitation when p = 1, if the scheduled RB allocation exceeds
136 RBs, the UE defaults to capahility 1 processing time. The UE may skip decoding a number of PDSCHs with
last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2, if any of
those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1 processing
time.

- For aUE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
isapplied if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for
the cell and set to enable.

- If thisPUCCH resource is overlapping with another PUCCH or PUSCH resource, then HARQ-ACK is
multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the HARQ-ACK messageis
transmitted on PUCCH.

Otherwise the UE may not provide avalid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tyroc1 IS
used both in the case of normal and extended cyclic prefix.

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1

PDSCH decoding time N1 [symbols]
dmrs-AdditionalPosition = pos0 in dmrs-AdditionalPosition # pos0 in
DMRS-DownlinkConfig in both of DMRS-DownlinkConfig in either of

u dmrs-DownlinkForPDSCH- dmrs-DownlinkForPDSCH-
MappingTypeA, dmrs- MappingTypeA, dmrs-
DownlinkForPDSCH-MappingTypeB DownlinkForPDSCH-MappingTypeB
or if the higher layer parameter is not
configured
0 8 N1,0
1 10 13
2 17 20
3 20 24
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Table 5.3-2: PDSCH processing time for PDSCH processing capability 2

PDSCH decoding time N1 [symbols]
U 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

54 UE CSI computation time

When the CSl request field on a DCI triggers a CSl report(s) on PUSCH, the UE shall provide avalid CSl report for the
n-th triggered report,

- if thefirst uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance,
starts no earlier than at symbol Z« , and

- if thefirst uplink symbol to carry the n-th CSI report including the effect of the timing advance, starts no earlier
than at symbol Z'.«(n),

where Z« is defined as the next uplink symbol withits CPstarting T = (Z)(2048+144)- k27" -T_ after the end
of the last symbol of the PDCCH triggering the CSI report(s), and where Z'1«(n), is defined as the next uplink symbol
withits CPstarting T,  =(Z')(2048+144) - k2 -T_after the end of the last symbol in time of the latest of:

aperiodic CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and
aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RSis used for channel measurement for the
n-th triggered CSl report.

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 subclause 9.2.5 of [9, TS 38.213] and subclause 5.2.5 when applicable,
otherwise the CSI report(s) are transmitted on the PUSCH indicated by the DCI.

When the CSl request field on a DCI triggers a CSl report(s) on PUSCH, if the first uplink symbol to carry the
corresponding CSl report(s) including the effect of the timing advance, starts earlier than at symbol Z,

- the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH.

When the CSl request field on a DCI triggers a CSl report(s) on PUSCH, if the first uplink symbol to carry the n-th CSI
report including the effect of the timing advance, starts earlier than at symbol Z're(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 CSl report.
Z, Z and \ are defined as:

Z= max 1(Z (m)) andZ' = max 1(Z’(m)), where M is the number of updated CSI report(s) according to
m=0,...M— m=0,...M—
Subclause 5.2.1.6, (Z(m), Z'(m)) corresponds to the m-th updated CSl report and is defined as

- (Z1,Z7) of thetable 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 Subclause 5.2.1.6) and the CSI to be transmitted isa single
CSl and corresponds to wideband frequency-granularity where the CS| corresponds to at most 4 CSI-RS portsin
asingle resource without CRI report and where CodebookType is set to 'typel-SinglePanel’ or where
reportQuantity is set to ‘cri-RI-CQI', or

- (Z4,Z7) of thetable 5.4-2 if the CSI to be transmitted corresponds to wideband frequency-granularity where the
CSl corresponds to at most 4 CSI-RS portsin a single resource without CRI report and where CodebookTypeis
set to 'typel-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or
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- (Z3,Z3%) of thetable 5.4-2 if reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP', where X isaccording to
UE reported capability beamReportTiming and KB is according to UE reported capability beamSwitchTiming as
defined in [13, TS 38.306], or

- (Z,,Z) of table 5.4-2 otherwise.

- pof table 5.4-1 and table 5.4-2 corresponds to the min (UepccH, Hes-rs, Hul) Where the Pppcen corresponds to the
subcarrier spacing of the PDCCH with which the DCI was transmitted and [y, corresponds to the subcarrier
spacing of the PUSCH with which the CSl report is to be transmitted and picg-rs corresponds to the minimum
subcarrier spacing of the aperiodic CSI-RS triggered by the DCI

Table 5.4-1: CSI computation delay requirement 1

Z1 [symbols]

H Z Zh
0 10 8
1 13 11
2 25 21
3 43 36

Table 5.4-2: CSI computation delay requirement 2

U Z1 [symbols] Z2 [symbols] Z3 [symbols]
Z1 Z'1 Z> Z' Z3 Z'3
0 22 16 40 37 22 X1
1 33 30 72 69 33 X2
2 44 42 141 140 min(44, Xz+ KB1) X3
3 97 85 152 140 min(97, X4+ KB>) Xa
6 Physical uplink shared channel related procedure

6.1 UE procedure for transmitting the physical uplink shared
channel

PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a
configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to
operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant
without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently
scheduled by an UL grant in avalid activation DCI according to Subclause 10.2 of [6, TS 38.213] after the reception of
higher layer parameter configurdGrantConfig not including rrc-ConfiguredUplinkGrant.

For the PUSCH transmission corresponding to a configured grant, the parameters applied for the transmission are
provided by configuredGrantConfig expect for dataScramblingl dentityPUSCH, txConfig, codebookSubset, maxRank,
scaling of UCI-OnPUSCH, which are provided by pusch-Config. If the UE is provided with transformPrecoder in
configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPK, if provided in pusch-Config, according
to the procedure described in Subclause 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,
power Control LoopToUse, pathl ossReferencelndex described in Subclause 7.1 of [6, TS 38.213], mcs-Table, mcs-
TableTransformPrecoder described in Subclause 6.1.4.1 and transformPrecoder described in Subclause 6.1.3.

A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as
indicated by that DCI. Upon detection of aDCI format 0_1 with"UL-SCH indicator" set to "0" and with anon-zero "CSl
request” where the associated "reportQuantity” in CS-ReportConfig set to "none” for all CSl report(s) triggered by "CSl
request” in this DCI format 0_1, 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. 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 IDsin agiven scheduled cell, if the UE is scheduled to start afirst PUSCH transmission starting in symbol
j by aPDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the
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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 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for agiven HARQ process until after
the end of the expected transmission of the last PUSCH for that HARQ process.

A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell
overlapping in time with a transmission occasion, where the UE is alowed to transmit a PUSCH with configured grant
according to [10, TS38.321], starting in a symbol j on the same serving cell if the end of symbol i isnot at least N,
symbols before the beginning of symbol j. The value N, in symbolsis determined according to the UE processing
capability defined in Subclause 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.

A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell for
agiven HARQ process, if there is atransmission 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 startingin a
symbol j after symbol i, and if the gap between the end of PDCCH and the beginning of symbol j islessthan N,
symbols. The value N, in symbols is determined according to the UE processing capability defined in Subclause 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 acell, 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 sub-clause 9.2.1 of [6, TS 38.213].

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 O_1. If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is
based on a single antenna port. The UE shall not expect PUSCH scheduled by DCI format 0_0 in a BWP without
configured PUCCH resource with PUCCH-Spatial Relationlnfo in frequency range 2 in RRC connected mode.

6.1.1.1 Codebook based UL transmission

For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format O_1 or semi-statically
configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, or semi-statically
configured to operate according to Subclause 6.1.2.3, the UE determinesits 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 layersin subclause 7.3.1.1.2 of [5, TS 38.212] or given by
srs-Resourcelndicator and precodingAndNumber OfLayers according to subclause 6.1.2.3. The TPMI is used to indicate
the precoder to be applied over the layers {0...v-1} and that corresponds to the SRS resource selected by the SRI when
multiple SRS resources are configured, or if asingle SRS resource is configured TPMI is used to indicate the precoder
to be applied over the layers{0...v-1} and that corresponds to the SRS resource. The transmission precoder is selected
from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Portsin SRS-
Config, as defined in Subclause 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 ot 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 which may be configured with

'fullyAndPartial AndNonCoherent', or 'partial AndNonCoherent' , or 'nonCoherent’ depending on the UE capability. The
maximum transmission rank may be configured by the higher parameter maxRank in pusch-Config.

A UE reporting its UE capability of 'partial AndNonCoherent' transmission shall not expect to be configured by
codebookSubset with 'fullyAndPartial AndNonCoherent'.

A UE reporting its UE capability of ‘'nonCoherent' transmission shall not expect to be configured by codebookSubset
with 'fullyAndPartial AndNonCoherent' or with 'partial AndNonCoherent'.
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A UE shall not expect to be configured with the higher layer parameter codebookSubset set to 'partial AndNonCoherent’
when higher layer parameter nrofSRS-Portsin an SRS-ResourceSet with usage set to ‘codebook’ indicates that two SRS
antenna ports are configured.

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. The
maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRSis configured
for aUE, 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 by configuredGrantConfig according to subclause 6.1.2.3.

of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subclause 7.3.1.1.2 of [5, TS 38.212].

When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook’, the UE shall expect that
higher layer parameters nrofSRS-Portsin SRS-Resource in SRS-ResourceSet shall be configured with the same value for
all these SRS resources.

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 or semi-statically
configured to operate according to Subclause 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 subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-Resourcel ndicator according to
subclause 6.1.2.3. 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. 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 is4. Theindicated SRI in dot 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-RSisindicated via SRS request field in
DCI format 0_1 and 1_1, where AperiodicSRS ResourceTrigger (indicating the association between aperiodic
SRS triggering state and SRS resource sets), triggered SRS resource(s) srs-ResourceSetld, csi-RS (indicating the
associated NZP-CS-RS-Resourcel d) are higher layer configured in SRS-ResourceSet. 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-RSisindicated by the SRS request field if the value of the SRS request field isnot ‘00" asin
Table7.3.1.1.2-24 of [5, TS 38.212] and if the scheduling DCI is not used for cross carrier or cross bandwidth
part scheduling. The CSI-RSislocated in the same dot 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-CS-RS-ResourceConfigI D for
measurement is indicated via higher layer parameter associatedCS-RSin SRS-ResourceSet.

The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) and their
corresponding PUSCH layers {0 ... v-1} given by DCI format 0_1 or by configuredGrantConfig according to subclause
6.1.2.3 inincreasing 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 subclause 6.1.2.3, where the SRS port in
(i+1)-th SRSresource in the SRS resource set isindexed as p =1000+i -
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.....

ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subclause 7.3.1.1.2 of [5, TS 38.212].

For non-codebook based transmission, the UE does not expect to be configured with both spatial Relationinfo for SRS
resource and associatedCS-RSin SRS -ResourceSet for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is
configured in SRS-ResourceSet with usage set to ‘'nonCodebook'.

6.1.2 Resource allocation

6.1.2.1 Resource allocation in time domain

When the UE is scheduled to transmit a transport block and no CSl report, or the UE is scheduled to transmit a transport
block and a CSl report(s) on PUSCH by a DCI, the Time domain resource assignment field value m of the DCI provides
arow index m+ 1 to an allocated table. The determination of the used resource allocation table is defined in sub-clause
6.1.2.1.1. The indexed row defines the slot offset Ky, the start and length indicator SLIV, or directly the start symbol S
and the allocation length L, and the PUSCH mapping type 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 CSl request field
on aDCI, the Time-domain resource assignment field value m of the DCI provides arow index m+ 1 to an allocated
table which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed
row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission

and the K, valueis determined as K, = maxY, (m+1), where v, j = 0,.., N, —1 arethe corresponding list entries of
J

the higher layer parameter reportSotOffsetList in CS-ReportConfig for the Nge triggered CSI Reporting Settings and
Y, (m+1) isthe(m+thentry of v, .

2 HPUSCH

- Thedot where the UE shall transmit the PUSCH is determined by K; as {n ‘+ K, wherenistheslot

2/4PDCCH

with the scheduling DCI, K is based on the numerology of PUSCH, and o, and ., arethesubcarrier
spacing configurations for PUSCH and PDCCH, respectively, and

- Thestarting symbol Srelative to the start of the slot, and the number of consecutive symbols L counting from the
symbol Sallocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if (L-1)<7 then
IV=14-(L-)+S
else
IV =14-(14-L+D) +(@14-1-9)
where0< L £14-S, and

- The PUSCH mapping type is set to Type A or Type B as defined in Subclause 6.4.1.1.3 of [4, TS 38.211] as
given by the indexed row.

The UE shall consider the Sand L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations

PUSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L

Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...,12}

Type B {0,...,13} {1,...,14} {1,...,14} {0,..., 11} {1,...,12} {1,...,12}

When transmitting PUSCH scheduled by PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, if the UE is
configured with pusch-AggregationFactor, the same symbol alocation is applied across the pusch-AggregationFactor
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consecutive slots and the PUSCH islimited to asingle transmission layer. The UE shall repeat the TB across the pusch-
AggregationFactor consecutive dots applying the same symbol allocation in each sot. The redundancy version to be
applied on the nth transmission occasion of the TB is determined according to table 6.1.2.1-2.

Table 6.1.2.1-2: Redundancy version when pusch-AggregationFactor is present

rvig indicated by the DCI rvid to be applied to n'" transmission occasion
scheduling the PUSCH 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

If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines
symbols of adlot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot

PUSCH transmission.

6.1.2.1.1

Determination of the resource allocation table to be used for PUSCH

Table 6.1.2.1.1-1 defines which PUSCH time domain resource allocation configuration to apply. Either a default
PUSCH time domain allocation A according to table 6.1.2.1.1-2, is applied, or the higher layer configured pusch-
TimeDomainAllocationList in either pusch-ConfigCommon or pusch-Config is applied.

Table 6.1.2.1.1-4 defines the subcarrier spacing specific valuesj. j isused in determination of K, inconjunction to
table 6.1.2.1.1-2, for normal CP or table 6.1.2.1.1.-3 for extended CP, where pp;5cy 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. When the UE transmits a PUSCH scheduled by RAR, the 4 value specific to the PUSCH
subcarrier spacing Hrusch IS applied in addition to the K> value.

Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation

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 subclause 8.2 of [6, TS TimeDomainAllocationList
38.213] provided in pusch-
ConfigCommon
C-RNTI, | Any common No - Default A
MCS-C- | search space Yes pusch-

RNTI, associated AlloTimeDomaincationList

TC- with provided in pusch-

RNTI, CORESET O 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, TimeDomainAllocationList

SP-CSI- UE specific provided in pusch-Config

RNTI search space
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Row index PUSCH K, S L
mapping type
1 Type A i 0 14
2 Type A i 0 12
3 Type A j 0 10
4 Type B j 2 10
5 Type B i 4 10
6 Type B i 4 8
7 Type B j 4 6
8 Type A j+1 0 14
9 Type A j+1 0 12
10 Type A j*+1 0 10
11 Type A j*+2 0 14
12 Type A j+2 0 12
13 Type A j+2 0 10
14 Type B j 8 6
15 Type A j*+3 0 14
16 Type A j*+3 0 10

Table 6.1.2.1.1-3: Default PUSCH time domain resource allocation A for extended CP

Row index PUSCH K2 S L
mapping type
1 Type A i 0 8
2 Type A i 0 12
3 Type A j 0 10
4 Type B j 2 10
5 Type B i 4 4
6 Type B i 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

Table 6.1.2.1.1-4: Definition of value |

HUPuscH

0

1
2
3

WIN [P

Table 6.1.2.1.1-5: Definition of value A

UPUSCH A
0 2
1 3
2 4
3 6

6.1.2.2

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, in which case the frequency

Resource allocation in frequency domain
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domain resource allocation is determined according to Subclause 8.3 of [6, 38.213]. Two uplink resource allocation
schemes type 0 and type 1 are supported. Uplink resource allocation scheme type 0 is supported for PUSCH only when
transform precoding is disabled. Uplink resource allocation scheme type 1 is 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',
the UE shall use uplink resource allocation type O or type 1 as defined by this DCI field. Otherwise the UE shall use the
uplink frequency resource allocation type as defined by the higher layer parameter resourceAllocation.

The UE shall assume that when the scheduling PDCCH is received with DCI format O_0, then uplink resource
alocation type 1 is used.

If abandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for uplink 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, the RB indexing for uplink type 0 and type 1 resource alocation is determined within the UE's
bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall upon detection of PDCCH
intended for the UE determine first the 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-Sze configured in pusch-Config and the size of the bandwidth
part asdefined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

Carrier 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 ( Nggg ) for auplink bandwidth part i of size Ngﬁpj PRBsisgiven by

N =| (N, +( Ne, modP))/ P | wnere
- thesizeof thefirst RBG is RBGy™ = P~ N5am; modP,
- thesizeof thelast RBG is RBGS® = (NS + NS2, JmodPif (NE + N5, JmodP > Oand P otherwise,
- thesizeof al other RBGisP.

The bitmap is of size Ngg 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 Nggg —1 are mapped from MSB to LSB of the bitmap. The RBG is allocated
to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

In frequency range 1, only 'almost contiguous allocation' defined in [8, TS 38.101-1] is allowed as non-contiguous allocation per
component carrier for UL RB allocation for CP-OFDM.

In frequency range 2, non-contiguous allocation per component carrier for UL RB allocation for CP-OFDM is not supported.
6.1.2.2.2 Uplink resource allocation type 1

In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of

contiguously allocated non-interleaved virtual resource blocks within the active carrier bandwidth part of size NSJVEP
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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 bandwidth part Niyeo shall be used.

An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting
virtual resource block ( RBg,,) and alength in terms of contiguously allocated resource blocks L gz . The resource
indication value is defined by

if (LRBS—l)sLNgﬁp/zj then
RIV = N§&, (Lpgs —1) + RByat
else
RIV = N5i6 (Nge — Lras + 0 + (N3 —1- RByyy)

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

When the DCI size for DCI format 0_0 in USS is derived from the initiall BWP with size N W' but applied to another
active BWP with size of N 22, an uplink type 1 resource block assignment field consists of aresource indication
value (RIV) corresponding to a starting resource block RB,_, = 0,K,2-K,...,(Njwd' —1)- K and alength in terms of

BWP
virtually contiguously allocated resource blocks L, = K,2-K,..., NMa g

BWP

The resource indication value is defined by
if (L'es—D<| N /2] then
RIV = Ngie' (L g = 1) + RB ooy
else

RIV = NJ (NG~ L+ D)+ (NG 1 RB!

start)

whereL ' = Legs /K, RB',, = RB,, /K and where L' shall not exceed N — RB'

BWP start *
If Nge > N K isthe maximum value from set {1, 2, 4, 8} which satisfies K <| NGw*/ N | ; otherwise K = 1.

6.1.2.3 Resource allocation for uplink transmission with configured grant

When PUSCH resource alocation is semi-statically configured by higher layer parameter configuredGrantConfig in
BWP-UplinkDedicated information element, and the PUSCH transmission corresponding to a configured grant, the
following higher layer parameters are applied in the transmission:

- For Type 1 PUSCH transmissions with a configured grant, the following parameters are givenin
configuredGrantConfig:

- Thehigher layer parameter timeDomainAllocation value m provides arow index m+1 pointing to an
allocated table, indicating a combination of start symbol and length and PUSCH mapping type, where the
table selection follows the rules for the UE specific search space, as defined in sub-clause 6.1.2.1.1;

- Freguency domain resource allocation is determined by the higher layer parameter
frequencyDomainAllocation according to the procedure in Subclause 6.1.2.2 for a given resource allocation
type indicated by resourceAllocation;

- Thelmcsisprovided by higher layer parameter mcsAndTBS,

- Number of DM-RS CDM groups, DM-RS ports, SRS resource indication and DM-RS sequence initialization
are determined asin Subclause 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
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antennaPort, dmrs-Seqlnitialization, precodingAndNumber OfLayers, and srs-Resourcel ndicator
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 alocation follows the higher layer
configuration according to [10, TS 38.321], and UL grant received on the DCI.

The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not
deliver atransport block to transmit on the resources alocated for uplink transmission without grant.

A set of allowed periodicities P are defined in [12, TS 38.331].

6.1.2.3.1 Transport Block repetition for uplink transmissions with a configured grant

The higher layer configured parameters repK and repK-RV define the K repetitions to be applied to the transmitted
transport block, and the redundancy version pattern to be applied to the repetitions. If the parameter repK 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. The initial transmission of atransport block may start at

- thefirst transmission occasion of the K repetitionsif the configured RV sequenceis{0,2,3,1},

- any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV
sequenceis{0,3,0,3},

- any of the transmission occasions of the K repetitions if the configured RV sequence is{0,0,0,0}, except the last
transmission occasion when K=8.

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 or 0_1, whichever isreached first. 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.

For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK > 1,
the UE shall repeat the TB across the repK consecutive slots applying the same symbol alocation in each dot. If the UE
procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines symbols of a
dlot alocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot PUSCH
transmission.

6.1.3 UE procedure for applying transform precoding on PUSCH

For Msg3 PUSCH transmission, 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
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- 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-hit modulation and coding scheme field (I ,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 Subclause 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 Subclause 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 Subclause 6.1.2.3.1 for configured grant Type 1 and
Type 2 PUSCH,

and second

- usethe number of layers (v), the total number of allocated PRBs (Nprg ) to determine the transport block size
based on the procedure defined in Subclause 6.1.4.2.

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

J-1Zm=6Vjm
ijo - < DataRate,
Tslot

where
- Jisthe number of configured serving cells belong to a frequency range
- for thej-th serving cell,
- Misthe number of TB(s) transmitted in slot-s.
- Tyoth) =10%/240), where w(j) is the numerology for PUSCH(s) in dlot § of the j-th serving cell.
- forthemthTB,V;,, = C"- EJ
- Aisthe number of bitsin the transport block as defined in Subclause 6.2.1 [5, TS 38.212]

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

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

- DataRate [Mbps] is computed by the approximate maximum data rate given by Subclause 4.1.2in[13, TS
38.306] from the band/band combination signaling for the J carriers, including the scaling factor (i).

For aj-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 Imcs > W for.a PUSCH, where W= 28 for MCStables 5.1.3.1-1
and 5.1.3.1-3, and W= 27 for MCStables5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, the UE is not required to handle PUSCH
transmissions, if the following condition is not satisfied:
M-17y,.
m=0"jm

= DataRateCC
LxT;
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where

L isthe number of symbols assigned to the PUSCH
M isthe number of TB in the PUSCH

-3

TH = zulzx(/)m where 1 is the numerology of the PUSCH

for them-thTB, V;,, = C’- EJ
- Aisthe number of bitsin the transport block as defined in Subclause 6.2.1 [5, TS 38.212]

- Cisthetotal number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212]

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

DataRateCC [Mbps] is computed by the approximate maximum data rate given by Subclause 4.1.2in[13, TS
38.306] from the band/band combination signaling for the serving cell, including the scaling factor f(i).

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 DCI format 0_0 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or for a PUSCH with configured grant using CS-RNTI, and

for aPUSCH scheduled by RAR UL grant or for a PUSCH scheduled by a DCI format 0_1 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or SP-CSI-RNTI, or for aPUSCH with configured grant using CS-RNTI,

and

if transform precoding is disabled for this PUSCH transmission according to Subclause 6.1.3

if mes-Tablein pusch-Config is set to ‘gam256', and PUSCH is scheduled by a PDCCH with DCI format 0_1
with CRC scrambled by C-RNTI or SP-CSI-RNTI,

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

elseif the UE is not configured with MCS-C-RNTI, mcs-Table in pusch-Config is set to ‘gam64LowSE', and the
PUSCH is scheduled by a PDCCH in a UE-specific search space with CRC scrambled by C-RNTI or SP-CSI-
RNTI,

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

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

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

elseif mes-Table in configuredGrantConfig is set to 'qam256',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant

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

elseif mes-Table in configuredGrantConfig is set to '‘gam64L owSE',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or

- if PUSCH istransmitted with configured grant,
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- 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.
- dse

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

ese

- if mes-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.

- dseif the UE is not configured with MCS-C-RNTI, mcs-TableTransformPrecoder in pusch-Config is set to
'‘gam64LowSE', and the PUSCH is scheduled by a PDCCH in a UE-specific search space with CRC scrambled
by C-RNTI or SP-CSI-RNTI,

- the UE shall use Imcsand Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

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

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- eseif mes-TableTransformPrecoder in configuredGrantConfig is set to 'qam256',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant,

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

- elsalf mes-TableTransformPrecoder in configuredGrantConfig is set to ‘gam64LowSE',
- if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
- if PUSCH istransmitted with configured grant,

- the UE shall use Imcs and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R)
used in the physical uplink shared channel.

- dse

- the UE shall use Imcs and Table 6.1.4.1-1to determine the modulation order (Qn) and Target code rate (R)
used in the physical uplink shared channel.

end

For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter tp-pi2BPSK is configured, q = 1 otherwise g=2.
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Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM

MCS Index | Modulation Order | Target code Rate R x 1024 Spectral
Imcs Qm efficiency
0 q 240/ q 0.2344
1 q 314/ q 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 466 2.7305
18 6 517 3.0293
19 6 567 3.3223
20 6 616 3.6094
21 6 666 3.9023
22 6 719 4.2129
23 6 772 45234
24 6 822 4.8164
25 6 873 5.1152
26 6 910 5.3320
27 6 948 5.5547
28 q reserved
29 2 reserved
30 4 reserved
31 6 reserved
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Table 6.1.4.1-2: MCS index table 2 for PUSCH with transform precoding and 64QAM

MCS Index | Modulation Order | Target code Rate R x 1024 Spectral
Imcs Qm efficiency
0 q 60/q 0.0586
1 q 80/q 0.0781
2 q 100/q 0.0977
3 q 128/q 0.1250
4 q 156/q 0.1523
5 q 198/q 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 2 679 1.3262
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 4 658 2.5703
22 4 699 2.7305
23 4 772 3.0156
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 772 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 a DCI format 0_0 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, and

for aPUSCH scheduled by RAR UL grant or for a PUSCH scheduled by a DCI format 0_1 with CRC scrambled by C-
RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SP-CSI-RNTI, or for a PUSCH transmission with configured grant,

if
- 0<Iycs < 27and transform precoding is disabled and Table 5.1.3.1-2 is used, or
- 0=l ycs <28 and transform precoding is disabled and a table other than Table 5.1.3.1-2 is used, or
- 0<Iycs <27 and transform precoding is enabled, the UE shdll first determine the TBS as specified below:

The UE shall first determine the number of RES (Nre) within the dlot:

- A UE first determines the number of REs allocated for PUSCH within a PRB (N 'RE) by
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- Nge =NE N3, — NEes — N&T® , where N2 =12 is the number of subcarriersin the frequency domain
in aphysical resource block, N g,"nb is the number of symbols of the PUSCH allocation within the dot,

N2 isthe number of REs for DM-RS per PRB in the allocated duration including the overhead of the
DM-RS CDM groups without data, as described for PUSCH with a configured grant in Subclause 6.1.2.3 or
asindicated by DCI format 0_1 or as described for DCI format 0_0 in Subclause 6.2.2, and N5 isthe

PRB
overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the Noh isnot
PRB PRB
configured (avaue from 0, 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 Ng = m'n(156, NRE) N
where nprg isthe total number of allocated PRBs for the UE.
- Next, proceed with steps 2-4 as defined in Subclause 5.1.3.2
elseif
- 28<|ycs <31 and transform precoding is disabled and Table 5.1.3.1-2 is used, or

- 28<Iycs <31 and transform precoding is enabled,

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< 105 < 27. If thereis no PDCCH for the same transport block using 0< | g < 27, and if the
initial PUSCH for the same transport block is transmitted with configured grant,

- the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.
- the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.
else

- the TBSisassumed to be as determined from the DCI transported in the latest PDCCH for the same transport
block using 0< 1,05 < 28. If thereis no PDCCH for the same transport block using 0< 1,5 <28, and if the
initial PUSCH for the same transport block is transmitted with configured grant,

- the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.
- the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.

6.1.5 Code block group based PUSCH transmission
6.1.5.1 UE procedure for grouping of code blocks to code block groups

If aUE is configured to receive code block group (CBG) based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission in PUSCH-ServingCell Config, the UE shall determine the number of CBGs for a
PUSCH transmission as

M =min(N,C),
where N is the maximum number of CBGs per transport block as configured by
maxCodeBlockGroupsPer TransportBlock in PUSCH-ServingCellConfig, and C is the number of code blocks in the
PUSCH according to the procedure defined in Subclause 6.2.3 of [5, TS 38.212].

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

If M; >0,CBGm, m=01,...,M; —1, consists of code blocks with indices m-K; +k,k=01,...,K; -1. CBG m,
m=Mj,M; +1,....,M —1, consists of code blocks with indices M, - K; +(m—M,)-K, +k,k=01...,K, —1.
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6.1.5.2 UE procedure for transmitting code block group based transmissions

If aUE is configured to transmit code block group based transmissions by receiving the higher layer parameter
codeBlockGroupTransmission in PUSCH-ServingCell Config,

- For aninitial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE
may expect that the CBGTI field indicates al the CBGs of the TB are to be transmitted, and the UE shall include
al the code block groups of the TB.

- For aretransmission of a TB asindicated by the New Data Indicator field of the scheduling DCI, the UE shall
include only the CBGs indicated by the CBGTI field of the scheduling DCI.

A bit value of 0" in the CBGTI field indicates that the corresponding CBG is not to be transmitted and 1' indicates that it
isto be transmitted. The order of CBGTI field bitsis such that the CBGs are mapped in order from CBG#0 onwards
starting from the M SB.

6.2 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 >1 SRS resources
(higher layer parameter SRS-Resource), where the maximum value of K isindicated by UE capability [13, 38.306]. The
SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher
layer parameter usage is set to 'beamManagement’, only one SRS resource in each of multiple SRS 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 nrof SRS-Ports and described in Subclause 6.4.1.4
of [4, TS 38.211].

- 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 Subclause 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
dot level offset is defined by the higher layer parameter slotOffset.

- Number of OFDM symbolsin 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
Subclause 6.4.1.4 of [4, TS 38.211].

- SRS bandwidth Bggand Cg, as defined by the higher layer parameter freqHopping and described in
Subclause 6.4.1.4 of [4, TS 38.211].

- Freguency hopping bandwidth, bhop, as defined by the higher layer parameter freqHopping and described in
Subclause 6.4.1.4 of [4, TS 38.211].

- Defining frequency domain position and configurable shift, as defined by the higher layer parameters
freqgDomainPosition and freqgDomai nShift, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].

- Cyclic shift, as defined by the higher layer parameter cyclicShift-n2 or cyclicShift-n4 for transmission comb
value 2 and 4, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
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Transmission comb value as defined by the higher layer parameter transmissionComb described in Subclause
6.4.1.4 of [4, TS 38.211].

Transmission comb offset as defined by the higher layer parameter combOffset-n2 or combOffset-n4 for
transmission comb value 2 or 4, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].

SRS sequence ID as defined by the higher layer parameter sequenceld in Subclause 6.4.1.4 of [4].

The configuration of the spatial relation between areference RS and the target SRS, where the higher layer
parameter spatial RelationInfo, 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 asthe 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 asthe target SRS otherwise.

The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource
occupying N e {1,2,4} adjacent 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 PUSCH and SRS are transmitted in the same slot, the UE may only be configured to transmit SRS after the
transmission of the PUSCH and the corresponding DM-RS.

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 spatial Relationlnfo containing the 1D 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/IPBCH block, if the higher layer parameter spatial Relationlnfo contains the ID
of areference '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 spatial Relationlnfo containing the ID of areference '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.

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 [10, TS 38.321] for an SRS resource, and when the HARQ-ACK
corresponding to the PDSCH carrying the selection 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 applied starting from slot n + 3N/ ™" 4 1, The activation command also contains spatial
relation assumptions provided by alist of referencesto reference signal 1Ds, one per element of the activated
SRS resource set. Each ID inthelist refersto areference 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
asthe 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.

if an SRS resource in the activated resource set is configured with the higher layer parameter spatial Relationlnfo,
the UE shall assume that the ID of the reference signal in the activation command overrides the one configured
in spatial Relationl nfo.

when a UE receives a deactivation command [10, TS 38.321] for an activated SRS resource set, and when the
HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the
corresponding actionsin [10, TS 38.321] and UE assumption on cessation of SRS transmission corresponding to

the deactivated SRS resource set shall apply starting from slot n + 3N“2/7emer 4 1.

slot

if the UE is configured with the higher layer parameter spatial Relationlnfo containing the ID of areference '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/IPBCH block, if the higher layer parameter spatial Relationinfo contains the ID
of areference '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 spatial Relationlnfo containsthe ID of areference 'srs, the UE shall
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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.

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 activein 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 adownlink 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 No. Otherwise, the minimal time interval between the
last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resourceis N
+ 14. The minimal time interval in units of OFDM symbolsis 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, the UE transmits aperiodic SRS in each of the

RS

triggered SRS resource set(s) in slot Ln' J+ K where k is configured via higher layer parameter slotOffset

2/1PDCCH
for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission,
Msss and ppepccH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering
command respectively.

- if the UE is configured with the higher layer parameter spatial Relationlnfo containing the ID of areference '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 spatial Relationlnfo containsthe ID
of areference '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 spatial Relationlnfo contains
the ID of areference '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.

The UE is not expected to be configured with different time domain behavior for SRS resourcesin the same SRS
resource set. The UE is al'so not expected to be configured with different time domain behavior between SRS resource
and associated SRS resources set.

The SRS request field [7, TS38.212] in DCI format 0_1, 1_1 indicates the triggered SRS resource set given in Table
7.3.1.1.2-24 of [7, TS 38212]. The 2-bit SRS request field [7, TS38.212] in DCI format 2_3 indicates the triggered SRS
resource set given in Subclause 7.3 of [7, TS 38.212] if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeB', or indicates the SRS transmission on a set of serving cells configured by higher layersif
the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'.

For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are
configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s). A UE shall not
transmit SRS when semi-persistent or periodic SRSis configured or aperiodic SRSistriggered to be transmitted in the
same symbol(s) with PUCCH carrying HARQ-ACK 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 CS| report(s) or semi-persistent/periodic L1-RSRP report(s) only.

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 adifferent carrier.
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In case a SRS resource with resourceType set as ‘aperiodic’ is triggered on the OFDM symbol configured with
periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and not transmit the
periodic/semi-persistent SRS resource(s) overlapping within the symbol(s). In case a SRS resource with resourceType
set as 'semi-persistent’ is triggered on the OFDM symbol configured with periodic SRS transmission, the UE shall
transmit the semi-persistent SRS resource and not transmit the periodic SRS resource(s) overlapping within the
symbol(s).

When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to ‘antennaSwitching', and a
guard period of Y symbolsis configured according to Subclause 6.2.1.2, the UE shall use the same priority rules as
defined above during the guard period as if SRS was configured.

6.2.1.1 UE SRS frequency hopping procedure

For agiven 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 dot is not

configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in al the N, symbolsto the
same set of subcarriersin the same set of PRBs. When frequency hopping within an SRS resource in each slot is
configured without repetition (R=1), according to the SRS hopping parameters Berg, Csand by, defined in

Subclause 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 subcarriersin each OFDM symbol, where the same transmission comb value is assumed for different sets of
subcarriers. When both frequency hopping and repetition within an SRS resource in each sot 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 adjacent OFDM symbols, and frequency hopping across the two pairsis according to the SRS hopping

parameters Bgrg, Cqzsand by, -

A UE may be configured N, =2 or 4 adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within
abandwidth 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 dot. A UE may be configured
N =2o0r 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 dlot. 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
dlot. 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
subcarriersin R adjacent OFDM symbol(s) of the resource in each slot.

6.2.1.2 UE sounding procedure for DL CSI acquisition

When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as ‘antennaSwitching', the UE
may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-
TxPortSwitch ('t1r2' for 1T2R, 't2r4’ for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1TAR/2T4R, 't1rl for 1T=1R, 't2r2' for
2T=2R, or 't4r4 for 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 agiven set consisting of asingle SRS port, and the SRS port of the second resource in the
set is associated with a different UE antenna port than the SRS port of the first resource in the same set, 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 resourcein agiven 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
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- 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 asingle SRS port, and the SRS port of each resource is associated with
adifferent 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 atotal of four SRS resources transmitted in different symbols of two
different dlots, and where the SRS port of each SRS resource in given two setsis associated with a different UE
antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS
resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both
configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-

Power Control AdjustmentStates in SRS-ResourceSet. The UE shall expect that the value(s) of the higher layer
parameter aperiodicSRS-ResourceTrigger in each SRS ResourceSet are 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 resourceis equal to 1, 2, or 4.

The UE is configured with a guard period of Y symboals, 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.

If theindicated UE capability is 't1r4-t2r4', the UE shall expect to be configured with the same number of SRS ports,
either one or two, for all SRS resources in the SRS resource set(s).

If theindicated UE capability is't1r2', 't2r4', 't1r4', 't1r4-t2r4', the UE shall not expect to be configured or triggered with
more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same dot. If the
indicated UE capability is't1rl', or 't2r2', or 't4r4' 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 isdefined 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

u 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 Subclause 4.2.7.4 of [13, TS
38.306].

For a carrier of aserving 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 Subclause 4.2.7.4 of [13, TS
38.306].

For a carrier of aserving 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
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overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier
aggregation capability included in Subclause 4.2.7.4 of [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 Subclause 4.2.7.4 of [13, TS
38.306].

For an aperiodic SRStriggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeA’, and given by SRS-Carrier Switching, without PUSCH/PUCCH transmission, the order of
the triggered SRS transmission on the serving cells follow the order of the serving cellsin the indicated set of serving
cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource
set(s) with higher layer parameter usage set to ‘antennaSwitching' and higher layer parameter resourceType in SRS
ResourceSet set to 'aperiodic'.

For an aperiodic SRStriggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the
serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving
cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to ‘antennaSwitching'
and higher layer parameter resourceType in SRS-ResourceSet set to ‘aperiodic'.

A UE can be configured with SRS resource(s) on a carrier ¢; with slot formats comprised of DL and UL symbols and
not configured for PUSCH/PUCCH transmission. For carrier ¢, the UE is configured with higher layer parameter srs-
SwitchFromServCelllndex and srs-SwitchFromCarrier the switching from carrier ¢, which is configured for
PUSCH/PUCCH transmission. During SRS transmission on carrier ¢ (including any interruption due to uplink or
downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of srs-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier co.

If the UE is not configured for PUSCH/PUCCH transmission on carrier ¢, with slot formats comprised of DL and UL
symbols, and if the UE is not capable of simultaneous reception and transmission on carrier ¢; and serving cell c,, the
UE is not expected to be configured or indicated with SRS resource(s) such that SRS transmission on carrier ¢,
(including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer
parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) would collide with the REs
corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated
by MIB or SIB1 on serving cell c..

For n-th (n > 1) aperiodic SRS transmission on acell ¢, upon detection of a positive SRS request on a grant, the UE shall commence
this SRS transmission on the configured symbol and slot provided

- itisno earlier than the summation of

- the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of
cell ¢ and the cell carrying the grant respectively, and

- theUL or DL RF retuning time[11, TS 38.133] as defined by higher layer parameters switchingTimeUL and
switchingTimeDL of srs-SwitchingTimeNR,

- it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.

otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit
of symbols, between the DCI triggering and aperiodic SRS transmission.

In case of inter-band carrier aggregation, a UE can simultaneously transmit SRS and PUCCH/PUSCH across
component carriersin different bands subject to the UE's capability.

In case of inter-band carrier aggregation, a UE can simultaneously transmit PRACH and SRS across component carriers
in different bands subject to UE's capability.

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 or
MCS-C-RNTI, nor corresponding to a configured grant, the UE shall use single symbol front-loaded DM-RS of
configuration type 1 on DM-RS port 0 and the remaining RESs not used for DM-RS in the symbols are not used for any
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PUSCH transmission except for PUSCH with 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-Additional Position 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-Additional Position equalsto 'posl' and up to one additional DM-RS can be
transmitted according to PUSCH duration.

When transmitted PUSCH is scheduled by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE shall
use single symbol front-loaded DM-RS of configuration type provided by higher layer parameter dmrs-Typein
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-Additional Position from configuredGrantConfig can be
transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211]
for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled.

For the UE-specific reference signals generation as defined in Subclause 6.4.1.1 of [4, TS 38.211], aUE can be

configured by higher layers with one or two scrambling identity(s), nby > 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 or MCS-RNTI,
or corresponding to a configured grant,

- 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 Subclause 6.4.1.1 of [4, TS 38.211].

- the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher
layer parameter maxLength in DMRS-UplinkConfig.

- if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by
the configured grant configuration, and the UE can be configured with a number of additional DM-RS for
PUSCH by higher layer parameter dmrs-Additional Position, which can be 'pos0', 'posl’, 'pos2', 'pos3'.

- if maxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the
UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number
of additional DM-RS for PUSCH by higher layer parameter dmrs-Additional Position, which can be 'pos0’ or
'posl'.

- 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 -Subclause 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 groupsindicated in Tables
7.3.1.1.2-6 t0 7.3.1.1.2-23 of Subclause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where"1", "2" and
"3" for the number of DM-RS CDM group(s) correspond to CDM group 0, {0,1}, {0,1,2}, respectively.

For PUSCH scheduled by DCI format O_0 or by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE
shall assume the number of DM-RS CDM groups without datais 1 which corresponds to CDM group O for the case of
PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, the UE shall assume
that the number of DM-RS CDM groups without data is 3 which corresponds to CDM group {0,1,2} for the case of
PUSCH scheduled by activation DCI format 0_0 and the dmrs-Type in cg-DMRS-Configuration equal to 'type2' and the
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PUSCH allocation duration being more than 2 OFDM symbols, and the UE shall assume that the number of DM-RS
CDM groups without datais 2 which corresponds to CDM group { 0,1} for all other cases.

For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE ( fpyrs [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

7ﬂwrs

By specified in subclause 6.4.1.1.3 of [4, TS 38.211] isgiven by A2 =10 2 .

Table 6.2.2-1: The ratio of PUSCH EPRE to DM-RS EPRE

Number of DM-RS CDM
groups without data

DM-RS configuration type 1

DM-RS configuration type 2

1 0dB 0dB
2 -3dB -3dB
3 - -4.77 dB

6.2.3

If aUE is not configured with the higher layer parameter phaseTrackingRSin DMRS-UplinkConfig, the UE shall not
transmit PT-RS. The PTRS may only be present if RNTI equals MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI.

6.2.3.1

UE PT-RS transmission procedure

UE PT-RS transmission procedure when transform precoding is not enabled

When transform precoding is not enabled and if a UE is configured with the higher layer parameter phaseTrackingRSin
DMRS-UplinkConfig,

- the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig indicate the threshold
values ptrs-MCS, i=1,2,3 and Nrg; , i=0,1, 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 Lpr-rs= 1.
- if the higher layer parameter frequencyDensity is not configured, the UE shall assume Kpr.rs = 2.

- if none of the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig are configured,
the UE shall assume Lerrs=1 and Kprrs = 2.

Table 6.2.3.1-1: Time density of PT-RS as a function of scheduled MCS

Scheduled MCS
Imcs < ptrs-MCS1

Time density( Lpr_gs)

PT-RS is not present

ptrs-MCS1 < Iwvcs < ptrs-MCS2 4
ptrs-MCS2 < Imcs < ptrs-MCS3 2
ptrs-MCS3 < Iwvcs < 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 < Nreo PT-RS is not present
Nreo < Nrs < Nrs1 2
Nre1 < Nrs 4

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

If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCS = ptrs-MCS. 1,
then the time density Lprrs Of the associated row where both these thresholds appear in Table 6.2.3.1-1 is disabled. If the
higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds Ngs,i =
Nrs,i+1, then the frequency density Kerrs of the associated row where both these thresholds appear in Table 6.2.3.1-2 is
disabled.

If either or both of the parameters PT-RS time density (Lrrrs) and PT-RS frequency density (Kpr-rs), shownin 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 assumethat PT-RSis
not present.

When a UE is scheduled to transmit PUSCH with alocation duration of 2 symbolsor less, and if Lpr.rsis set to 2 or 4,
the UE shall not transmit PT-RS. When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols or
less, and if Lpr-rsis et to 4, the UE shall not transmit PT-RS.

When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with Iycs> V, where V = 28 for
MCStable 1 and V = 27 for MCS table 2, respectively, the MCS for PT-RS time-density determination is obtained from
the DCI for the same transport block in the initial transmission, which is smaller than or equal to V.

The maximum number of configured PT-RS portsis given by the higher layer parameter maxNrofPortsin PTRS
UplinkConfig. The UE is not expected to be configured with 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)
issignalled by PTRS-DMRS association field in DCI format 0_1.

For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on
SRI(s). 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 phaseTrackingRSin
DMRS-UplinkConfig. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM -
RS ports are associated to the one UL PT-RS port.

For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is
determined based on TPMI and/or TRI in DCI format 0_1.

- if the UE is configured with the higher layer parameter maxNrofPortsin 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 inindicated TPMI share PT-RS port 1.

- UL PT-RSport 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 inindicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS DMRS association as
shown in DCI format O_1 described in Subclause 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 layersis ngy s

- If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per

RE pirst isgivenby pibEr = —o vt [dB], where arShes™ is shown in the Table 6.2.3.1-3 according to

the higher layer parameter ptrs-Power, the PT-RS scaling factor g, specified in subclause 6.4.1.2.2.1 of [4,

PUSCH
_PPTRS

TS38.211] isgivenby .. =10 2 and also on the Precoding Information and Number of Layersfield in
DCl.

- 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.
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Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE abres"
PUSCH
The number of PUSCH layers ( nlayer )
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
aPUSCH coherent coherent and and non-
PR and non- non- codebook
codebook codebook based
based based
00 0 3 3Qp-3 477 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 dft-S-OFDM in PTRS
UplinkConfig,

- the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS
antenna ports' presence and PT-RS group pattern are afunction of the corresponding scheduled bandwidth in a
corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS s present when the
number of scheduled RBsislessthan Nrgo if Nrgo > 1 or if the RNTI equals TC-RNTI.

- and the UE may be configured PT-RS time density Ler.rs = 2 With the higher layer parameter timeDensity.
Otherwise, the UE shall assume Lpr.rs = 1.

- if the higher layer parameter sampleDensity indicates that the sample density thresholds Nrsi = Nrs,+1, then the
associated row where both these thresholds appear in Table 6.2.3.2-1 is disabled.

Table 6.2.3.2-1: PT-RS group pattern as a function of scheduled bandwidth

Scheduled bandwidth Number of PT-RS groups Ngg:b;.{__gssg:gzlss
Nreo < Nre < Nre1 2 2
Nre1 < Nrs < Nre2 2 4
Nre2 < Nrs < Nre3 4 2
Nres < Nre < Nrea 4 4
Nres < NrB 8 4

When transform precoding is enabled and if a UE is configured with the higher layer parameter dft-S-OFDM in PTRS
UplinkConfig, the PT-RS scaling factor ' specified in Subclause 6.4.1.2.2.2 of [4, TS 38.211] is determined by the
scheduled modulation order as shown in table 6.2.3.2-1.

Table 6.2.3.2-1: PT-RS scaling factor (8') when transform coding enabled.

Scheduled modulation | PT-RS scaling factor (8')

m/2-BPSK 1
QPSK 1
16QAM 3/+/5
64QAM 7/ V21

256QAM 15/ /85
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6.3 UE PUSCH frequency hopping procedure

A UE isconfigured for frequency hopping of scheduled or configured PUSCH transmission by the higher layer
parameter frequencyHopping provided respectively in pusch-Config or in configuredGrantConfig. One of two
frequency hopping modes can be configured:

- Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.
- Inter-dot frequency hopping, applicable to multi-slot PUSCH transmission.

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 isset to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher
layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When
transform precoding and frequency hopping are enabled for PUSCH, the RE mapping is performed in the following
order: the modulated symbols are first mapped across sub-carriers, then across transform precoded symbols within a
frequency-hop, then across frequency hops occupying different sets of PRBs.

For a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant and for resource
alocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetListsin pusch-
Config:

- when the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsetsisindicated 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
isindicated in the UL grant.

For PUSCH based on a Typel configured UL grant the frequency offset is provided by the higher layer parameter
frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.

The starting RB in each hop is given by:

RB,

et i=0

RBga: = s ,

(RBgy +RBye JMOd NGy, 1=1
where i=0 and i=1 are the first hop and the second hop respectively, and RBg,; isthe starting RB within the UL BWP,
as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause
6.1.2.2.2) and RB y iSthe frequency offset in RBs between the two frequency hops.
In case of intra-dot frequency hopping is configured, the number of symbolsin the first hop is given by LN;%ECH'S / ZJ,
the number of symbols in the second hop is given by N&-5"° —LN PUCH.s ZJ, where NPUSCHS g the length of the

symb symb
PUSCH transmission in OFDM symbolsin one slot.

In case of inter-dot frequency hopping, the starting RB during slot n¥ is given by:

RB (n ﬂ)_ RBgt nf mod2=0
S (RBgay + RByrey JMOANSZ, ¥ mod2=1"

where n isthe current slot number within aradio frame, where amulti-slot PUSCH transmission can take place,
RBg4t isthe starting RB within the UL BWP, as cal culated from the resource block assignment information of

resource allocation type 1 (described in sub-clause 6.1.2.2.2) and RB ;. is the frequency offset in RBs between the
two freguency hops.

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 SLI1V of the scheduling DCI and including the effect of the timing advance, is
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no earlier than at symbol L., where L is defined as the next uplink symbol with its CP starting

T

proc,2

= max (( N, +d,,)(2048+144)- k27" T, dz,z) after the end of the reception of the last symbol of the

PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block.

N isbased on p of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where
corresponds to the one of (Moc, Hu) resulting with the largest Tyroc2, Where the pipL 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
k isdefined in subclause 4.1 of [4, TS 38.211].

If the first symbol of the PUSCH allocation consists of DM-RS only, then dz1= 0, otherwise dz1 = 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 carriersasgivenin [11, TS 38.133].

If the scheduling DCI triggered a switch of BWP, d» 2 equals to the switching time as defined in [11, TS 38.133],
otherwise d,2=0.

For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2
isapplied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for
the cell and set to enable,

If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block
is multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the transport block is
transmitted on the PUSCH indicated by the DCI.

Otherwise the UE may ignore the scheduling DCI.

Thevalueof T, isused bothin the case of normal and extended cyclic prefix.

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1

)2 PUSCH preparation time Nz [symbols]
0 10
1 12
2 23
3 36

Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2

PUSCH preparation time N2 [symbols]

5
55
11 for frequency range 1

Niklol
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