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1. [bookmark: _Ref5850594]Introduction
[bookmark: _Hlk158127208]In RAN1#116 meeting, the UE features for NR MIMO evolution were discussed and summarized in R1-2401709 [1]. In this contribution, we provide our views on UE features based on the current related RAN1 agreements.
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2. Unified TCI framework extension for multi-TRP
According to the agreement in RAN1-116 meeting [1], the following FGs/rows are agreed as baseline for further discussions on unified TCI framework extension for multi-TRP:
[bookmark: _Hlk158126935]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40. NR_MIMO_evo_DL_UL
	40-1-14a
	Dynamic switching - scheme A
	Support of dynamic switching between single-TRP and PDSCH SFN scheme A by TCI selection field in DCI formats 1_1, 1_2
	40-1-4, 23-6-1a
	Yes
	n/a
	dynamic switching between single-TRP and PDSCH SFN scheme A by TCI selection field in DCI formats 1_1, 1_2 is not supported
	Per FS
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-1-14b
	Dynamic switching - scheme B
	Support of dynamic switching between single-TRP and PDSCH SFN scheme B by TCI selection field in DCI formats 1_1, 1_2
	40-1-4, 23-6-2a
	Yes
	n/a
	dynamic switching between single-TRP and PDSCH SFN scheme B by TCI selection field in DCI formats 1_1, 1_2 is not supported
	Per FS
	n/a
	n/a
	n/a
	
	Optional with capability signaling



[bookmark: _Hlk158126958]Refer to TS 38.306[2], the following two UE feature were defined that UE need to indicate whether the UE supports dynamic switching between single-TRP and PDSCH SFN scheme A/B by TCI state field in DCI formats 1_1 and 1_2. But in Rel-18, a new DCI field, i.e., TCI selection field will be introduced into DCI formats 1_1 and 1_2 to indicate the TCI state for PDSCH. Thus it is necessary to define a new UE capability to indicate whether the UE supports dynamic switching between single-TRP and PDSCH SFN scheme A/B by TCI selection field in DCI formats 1_1 and 1_2.
	sfn-SchemeA-DynamicSwitching-r17
Indicates whether the UE supports dynamic switching between single-TRP and PDSCH SFN scheme A by TCI state field in DCI formats 1_1 and 1_2. The UE supporting this feature shall indicate sfn-SchemeA-r17 or sfn-SchemeA-PDSCH-only-r17.
	FS
	No
	N/A
	N/A

	sfn-SchemeB-DynamicSwitching-r17
Indicates whether the UE supports dynamic switching between single-TRP and PDSCH SFN scheme B by TCI state field in DCI formats 1_1 and 1_2.
The UE supporting this feature shall indicate sfn-schemeB-r17 or sfn-schemeB-PDSCH-only-r17.
	FS
	No
	N/A
	N/A



Proposal 2-1:   Define a new UE capability to indicate whether the UE supports dynamic switching between single-TRP and PDSCH SFN scheme A/B by TCI selection field in DCI formats 1_1 and 1_2.

3. CSI enhancement

CSI enhancement on m-TRP CJT
[bookmark: _Hlk158127093]According to the agreement in RAN1-116 meeting [1], the following FGs/rows are agreed as baseline for further discussions on CSI for CJT:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40. NR_MIMO_evo_DL_UL
	40-3-1-24
	The maxmum total number of supported SD basis for M-TRP CJT
	The maxmum total number of supported SD basis for M-TRP CJT
	
	Yes
	n/a
	SD basis selection for M-TRP CJT is not supported.
	Per band and per BC
	n/a
	n/a
	n/a
	Candidate values for component 1:
 {2, 4, 6, 8, 10, 12, 16}
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-3-1-25
	The supported subset of linkages
	The supported subset of linkages
	
	Yes
	n/a
	The linkages of the parameter combination is not supported.
	Per band and per BC
	n/a
	n/a
	n/a
	
	Optional with capability signaling




According to the following agreement, the number of supported SD basis combination can be reported based on UE capability. 

Agreement (RAN1-112 meeting)
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {Ln} for the higher-layer-configured value of NTRP (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {n} for Rel-17-based refinement are derived from the supported combinations of {Ln} for Rel-16-based refinement 
FFS: Whether the total number of Ln is a UE capability

[bookmark: _Hlk128062296]NTRP
{Ln} combination
[bookmark: _Hlk128062270]1
{2}

{4}

{6} (analogous to legacy, only for total # ports =32, rank 1-2, R=1
2
{2,2}

{2,4}, [{4,2}]

{4,4}
3
{2,2,2}

{2,2,4} [and its other permutations]

{4,4,4}
4
{2,2,2,2}

{2,2,2,4} [and its other permutations]

{2,2,4,4} [and its other permutations]

{4,4,4,4}


Proposal 4-1: Define a UE capability to indicate the total number of supported SD basis combinations.

According to the following agreement, the supported subset of linkages can be reported based on UE capability. 
Agreement (RAN1-112b e-meeting)
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’), for Rel-16 eType-II based
· For NTRP =1, 
· fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For NTRP >1, only the following linkages are supported (marked ‘x’)
· Note: Configured linkage(s) are associated with the configured value of NTRP, regardless whether the dynamic TRP selection (the dynamic change of N given NTRP) is configured. Also, the configured linkage(s) are valid for any dynamically selected SD basis and/or any dynamically selected CSI-RS resource (TRP).
· FFS: UE feature/capability to support only a subset of linkages

NTRP
SD combo
FD combo {pv},


{1/8, 1/8, 1/16, 1/16}, ¼
{1/8, 1/8, 1/16, 1/16}, ½ 
{1/4, ¼, 1/8, 1/8}, ¼ 
{1/4, ¼, 1/8, 1/8}, ½ 
{1/4, ¼, ¼, ¼}, ¾ 
{1/2, ½, ½, ½}, ½ 
1
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x
x
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x
x
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N/A
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N/A
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Proposal 4-2: Define a UE capability to indicate the supported subset of linkages.


CSI enhancement on high/medium velocities

Acorrding to the following agreement, the supported value of w is a UE feature and needs to be discussed in this part. 
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z for Capability 2 associated with P/SP-CSI-RS, decide, in RAN1#114, based on the following alternatives:
· Alt1: w=14.(KP–1).d or 14. KP.d, where d denotes the CSI-RS periodicity 
· Alt2: w=14 or 28 (fixed)

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z associated with P/SP-CSI-RS, 
· w (unit of symbols) is reported by UE
· To be finalized as part of Rel-18 UE feature discussions
However, according to discussion in RAN1#116 meeting, w is provided as independently for each SCS in unit of symbols, and the candidate value is given as
For 15kHz SCS: {0, 4, 8, 16, 32}
For 30kHz SCS: {0, 8, 16, 32, 64}
For 60kHz SCS: {0, 16, 32, 64, 128}
For 120kHz SCS: {0, 16, 32, 64, 128}
For 480kHz SCS: {0, 64, 128, 256, 512}
For 960kHz SCS: {0, 128, 256, 512, 1024}
This is not consistent with above agreement. In our view, the value of w should be assocated with the number of periodic active CSI-RS resources and periodic of CSI-RS, since the CSI processing time needs to increase with the periodic increases. Therefore, Alt1, i.e.,w=14.(KP–1).d or 14. KP.d is preferred. 
Proposal 4-3: Regarding aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook, the value of w should be as defined as w=14.(KP–1).d or 14. KP.d and given in the following table.

	40. NR_MIMO_evo_DL_UL
	40-3-2-11
	Aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook
	1. Aperiodic CSI report timing relaxation, w, for doppler codebook based on Type-II codebook.

2. Aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook
	At least one of {40-3-2-1, 40-3-2-4}
	Yes
	N/A
	Aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook is unknown
	Per FS
	N/A
	N/A
	N/A
	Component 1 candidate values: 
UE reports candidate value, w =14.(KP–1).d or 14. KP.d, independently for each SCS in unit of symbols 

For 15kHz SCS: {0, 4, 8, 16, 32}
For 30kHz SCS: {0, 8, 16, 32, 64}
For 60kHz SCS: {0, 16, 32, 64, 128}
For 120kHz SCS: {0, 16, 32, 64, 128}
For 480kHz SCS: {0, 64, 128, 256, 512}
For 960kHz SCS: {0, 128, 256, 512, 1024}

Component 2 candidate values: [{CAP1, CAP2}]

For N4 = 1 
1) For AP CSI-RS: (Z,Z’) = (Z2 + 14*(K–1)*m, Z'2)
2) For P/SP CSI-RS: (Z,Z’) = (Z2 + w, Z'2)

For N4 > 1 and CAP1 in component 2 
1) For AP CSI-RS: (Z,Z’) = (Z2 + 14*(K–1)*m, Z'2)
2) For P/SP CSI-RS: (Z,Z’) = (Z2 + w, Z'2)

For N4 > 1 and CAP2 in component 2 
1) For AP CSI-RS: (Z,Z’) = (Z2 + 14*(K–1)*m + Z'2, 2Z'2)
2) For P/SP CSI-RS: (Z,Z’) = (Z2 + w + Z'2, 2Z'2)

Z2/Z'2 are defined in Table 5.4-2 in TS38.214

K = {4,8,12}, is the number of AP CSI-RS resources for the CMR in a CSI report setting

M = {1,2}, is the offset between two adjacent AP CSI-RS resources for the CMR in slots

Note: A UE that supports FG 40-3-2-1 or FG  40-3-2-4 must signal this FG 

	Optional with capability signalling



4. SRS enhancements targeting TDD CJT and 8Tx operation
SRS enhancement for 8Tx
According to the description of component 2 of FG 40-5-4, the following revision is proposed that empty combination set for antenna switching configuration should not be allowed, at least one candidate value should be supported by the UE. 
Proposal 4-1: Adopt the following for FG40-5-4 to allow at least one candidate value for the antenna switching configurations.

	40. NR_MIMO_evo_DL_UL
	40-5-4
	SRS 8 Tx ports—antenna switching
	1. Support of 8T8R for antenna switching
2. Downgrade antenna switching configurations 
3. Report the entry number of the first-listed band with UL in the band combination that affects this DL
4. Report the entry number of the first-listed band with UL in the band combination that switches together with this UL
	2-53
	Yes
	n/a
	SRS with 8 Tx ports—antenna switching is not supported 
	Per FS
	n/a
	n/a
	n/a
	Component 1 candidate values: {noTDM, TDM and noTDM}

Component 2 candidate value: combination (including empty) of {1T1R, 1T2R, 1T4R, 1T6R, 1T8R, 2T2R, 2T4R, 2T6R, 2T8R, 4T4R, 4T8R} 

Component 3 candidate value: {1,2,…,32}

Component 4 candidate value: {1,2,…,32}

Note: UE reports support of SRS with 8 Tx ports and Comb8 mapping —antenna switching via FG 23-8-8
	Optional with capability signaling
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