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1. Introduction
This contribution includes further details / refinement for RAN1 UE features list on various Rel-18 MIMO topics.
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2. 	Unified TCI framework extension for multi-TRP
No open issue is identified on unified TCI framework extension for multi-TRP.

3. Two TAs for multi-DCI
For the following highlighted parts related to pre-requisite of FGs 40-2-7 / 40-2-8, we suggest:
· For 40-2-7: Pre-requisite should be “40-6-3a or 40-6-3b”. This is because UE should be able to first support multi-DCI based STxMP PUSCH+PUSCH in order to support 40-2-7. However, support of 40-2-1 or 40-2-2 is not necessary as the UE may support two TAGs only in the presence of multi-DCI based STxMP. 
· For 40-2-8: Our first preference is that no pre-requisite for this FG given that we do not need to spell out all the trivial pre-requisite relationships. Our second preference for pre-requisite is “40-2-1 or 40-2-2 or 40-2-7” as any of these can imply UE supports the two TAs feature. 
In general, we think spending time on listing all the trivial pre-requisite relationships would be unnecessary. 

Proposal 3-1: For Rel-18 two TAs for multi-DCI, adopt the following changes:

	40. NR_MIMO_evo_DL_UL
	40-2-7
	Two TAs for multi-DCI STxMP PUSCH+PUSCH
	Support of two TAs for multi-DCI STxMP PUSCH+PUSCH
	[40-2-1 or 40-2-2, FFS more] 40-6-3a or 40-6-3b
	yes
	n/a
	Two TAs for multi-DCI STxMP PUSCH+PUSCH is not supported
	Per FSPC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	40. NR_MIMO_evo_DL_UL
	40-2-8
	Maximum number of TAGs across all CCs 
	Maximum number of TAGs across all CCs

	FFS
	yes
	n/a
	Maximum number of TAGs across all CCs is unknown when UE supports two TAGs per CC
	Per BC
	n/a
	n/a
	n/a
	Component candidate values: {2,3,4}

Note: UE only supports the configuration where all UL CCs of the same frequency band are configured with up to 2 Timing Advance Group ID

Note: The same description of “supportedNumberTAG” in 38.306 applies to this FG as well
	Optional with capability signaling




4. CSI enhancement
[bookmark: OLE_LINK1]Proposal 4-1: For Rel-18 Type-II-CJT CSI, for feature rows agreed in up to RAN1#115, adopt the following modifications.
	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

	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
	40-3-1-1
	Basic feature for Rel-16-based CJT type-II codebook
	Support of N=N_TRP only
Support of N_L=1 only
1. Support of mode 2 for Rel-16 eType-II codebook refinement for multi-TRP CJT 
2. Support for PMI subband R=1.
3. Support of parameter combinations with L=2,4 
4. Support of rank 1,2
5. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is
a) Maximum number of Tx ports in one NZP CSI-RS resource associated with multi-TRP CJT
b) Maximum total number of NZP CSI-RS resource associated with multi-TRP CJT
c) Maximum total number of Tx ports of NZP CSI-RS resources associated with multi-TRP CJT]
6. Supported frequency basis selection mode 2, i.e., common frequency basis selection among different TRPs 
7. Scaling factor X for CPU occupation counting for Rel-16-based CJT type-II codebook
8. Maximum number of NZP CSI-RS resources in one NZP CSI-RS resource set associated with multi-TRP CJT
9. Timeline relaxation parameter
	[2-35]
	Yes
	N/A
	Mode 2 for Rel-16-based CJT type-II codebook is not supported
	Per band and Per BC
	No
	N/A
	N/A
	Component 5 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

Component 7 candidate values: {1, 1.5, 2}

Component 8 candidate values: {2,3,4}

Component 9 candidate values: {0, Z2’}

Note: 
When NTRP=1 TRP is configured, OCPU =1. 
When NTRP>1 TRPS are configured, OCPU = ceil(X * NTRP)

Note: A-CSI is supported, and whether UE supports SP-CSI on PUSCH is dependent on FG2-32b

Note: A UE that supports CSI enhancement for Rel. 16 based type-II CJT must support this FG
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-3-1-5
	Basic feature for Rel-17-based CJT type-II codebook
	Support of N=N_TRP only
Support of N_L=1 only
1. Support of Rel-17 FeType-II port selection codebook refinement for multi-TRP CJT
2. Support of PMI subband R=1.
3. Support of parameter combinations with M=1 
4. Support of rank 1,2
5. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is
a) Maximum number of Tx ports in one NZP CSI-RS resource associated with multi-TRP CJT
b) Maximum total number of NZP CSI-RS resource associated with multi-TRP CJT
c) Maximum total number of Tx ports of NZP CSI-RS resources associated with multi-TRP CJT
6. Supported frequency basis selection mode 2, i.e., common frequency basis selection among different TRPs
7. Scaling factor X for CPU occupation counting for Rel-17-based CJT type-II codebook
8. Maximum number of NZP CSI-RS resources in one NZP CSI-RS resource set associated with multi-TRP CJT
9. Timeline relaxation parameter
	[2-35]
	Yes
	N/A
	Mode 2 for Rel-17-based CJT type-II codebook is not supported
	Per band and
Per BC 
	No
	N/A
	N/A
	Component 4 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

Component 7 candidate values: {1, 1.5, 2}

Component 8 candidate values: {2,3,4}

Component 9 candidate values: {0, Z2’}

Note: 
When NTRP=1 TRP is configured, OCPU =1. 
When NTRP>1 TRPS are configured, OCPU = ceil(X * NTRP)

Note: A-CSI is supported, and whether UE supports SP-CSI on PUSCH is dependent on FG2-32b

Note: A UE that supports CSI enhancement for Rel 17 based type-II CJT must support this FG
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-3-1-24
	Timeline for regular eType-II-CJT CSI, or for port selection FeType-II-CJT CSI
	Timeline relaxation parameter 
	40-3-1-1, or 40-3-1-5
	Yes
	N/A
	Relaxed timeline is not supported
	Per band and
Per-BC 
	No
	N/A
	N/A
	Component candidate value: {0, Z2’}
	Optional with capability signaling




Proposal 4-2: For Rel-18 Type-II-Doppler CSI, for feature rows agreed in up to RAN1#115, adopt the following modifications.
	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

	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
	40-3-2-1
	Support of Rel-16-based doppler CSI
	1. Support X=1 CQI based on the first/earliest slot of the CSI reporting window and the first/earliest predicted PMI (TDCQI=’1-1’)
2. Support of Rel-16 eType-II regular codebook refinement for predicted PMI with PMI subband R=1 
3. Support parameter combinations with L=2,4 
4. Support for rank = 1,2
5. A list of supported combinations, each combination is { Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
7. Value of Y for CPU occupation (OCPU = Y.N4), when P/SP-CSI-RS is configured for CMR
8. Value of Y for CPU occupation (OCPU = Y.K), when A-CSI-RS is configured for CMR
9. Support for the size of DD-basis, N4=1
10. Scaling factor for active resource counting Kp
11. Timeline relaxation parameter
12. Supported maximum periodicity (in slots) for periodic CSI-RS: p_max
13. Timeline “measurement window” parameter for periodic CSI-RS
	2-35
	Yes
	N/A
	Rel-16 based Type II doppler codebook is not supported
	Per band 
and Per BC
	N/A
	N/A
	N/A
	Component 5 candidate values
a. {4,8,12,16,24,32}
b. {2,3,4 … 64}
c. {4, …, 256}

Component 7 candidate values: {1, 2, 3}
Component 8 candidate values: {1, 2, 3}

Component 10 candidate values: {1, 2, 4}

Component 11 candidate values: {0,Z2’}

Component 12 candidate values: {4, 5, 8}

Component 13 candidate values: {Kp* p_max, (Kp-1)* p_max}


Note: When N4=1, OCPU =4

Note: OCPU ≥ 4 when P/SP-CSI-RS is configured for CMR

Note: when K=12, OCPU =8

Note: A UE that supports CSI enhancement for Rel. 16 based type-II doppler must support this FG

	Optional with capability signaling









	40. NR_MIMO_evo_DL_UL
	40-3-2-4
	Support of Rel-17-based doppler CSI
	1. Support X=1 CQI based on the first/earliest slot of the CSI reporting window and the first/earliest predicted PMI
2. Support of Rel-17 FeType-II port selection codebook refinement for predicted PMI with PMI subband R=1
3. Support of parameter combinations with M = 1 
4. Support for rank = 1,2
5: A list of supported combinations, each combination is { Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement
7. Value of Y for CPU occupation (OCPU = Y.K), when A-CSI-RS is configured for CMR
8. Support for N4=1
9. Scaling factor for active resource counting Kp
10. Timeline relaxation parameter
11. Supported maximum periodicity (in slots) for periodic CSI-RS: p_max
12. Timeline “measurement window” parameter for periodic CSI-RS
	40-3-2-1, 2-35
	Yes
	N/A
	Rel-17 based Type II doppler codebook is not supported
	Per band 
and Per-BC
	N/A
	N/A
	N/A
	Component 5 candidate values
a. {4,8,12,16,24,32}
b. {1, 2,3,4 … 64}
c. {4, …, 256}

Component 7 candidate values: {1, 2, 3}
Component 9 candidate values: {1, 2, 4}

Component 10 candidate values: {0,Z2’}

Component 11 candidate values: {4, 5, 8}

Component 12 candidate values: {Kp* p_max, (Kp-1)* p_max}

Note: OCPU = 4 when P/SP-CSI-RS is configured for CMR

Note: when K=12, OCPU =8

Note: A UE that supports CSI enhancement for Rel. 17-based type-2 doppler must support this FG
	Optional with capability signaling




Proposal 4-3: For Rel-18 Type-II-Doppler CSI, adopt the following additional rows.
	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

	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
	40-3-2-8
	Support of rank 3 and 4 for Rel-16-based Type-II-Doppler codebook
	1. Support of Rel-16-based Type-II-Doppler codebook with rank 3,4
	40-3-2-1
	Yes
	N/A
	Higher rank (3 and 4) is not supported for Rel-16-based Type-II-Doppler codebook
	Per-band 
Per-BC
	No
	N/A
	N/A
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-3-2-9
	Support of rank 3 and 4 for Rel-17-based Type-II-Doppler codebook
	1. Support of Rel-17-based Type-II-Doppler codebook with rank 3,4
	40-3-2-4
	Yes
	N/A
	Higher rank (3 and 4) is not supported for Rel-17-based Type-II-Doppler codebook
	Per-band 
Per-BC
	No
	N/A
	N/A
	
	Optional with capability signaling




Proposal 4-4: For Rel-18 TDCP CSI, adopt the following additional rows.
	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

	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
	40-3-3-7
	Maximum number of TDCP report settings per-BWP
	Maximum number of CSI-ReportConfig with reportQuantity configured as “tdcp”, configured with resourcesForChannelMeasurement linked to a same BWP ID
	40-3-3-1
	Yes
	N/A
	High cost to UE due to low-level memory for aperiodic TDCP report
	Per-band and per-BC 
	No
	N/A
	N/A
	Candidate value: {1,2,3,4}
	Optional with capability signaling





5. 	Increased number of orthogonal DMRS ports

The following open issues are identified for Rel-18 DMRS UE features. 

Issue 1: For UL DMRS, missing UE feature group “1 symbol FL DMRS and 2 additional DMRS symbols for more than one port”. This UE feature was defined in legacy Rel-15 as 2-16b. However, for Rel-18 DMRS, this UE feature was missed. 

Proposal 5-1: In 40-4 family of UE feature groups for Rel-18 DMRS, add a UE feature group for “1 symbol FL DMRS and 2 additional UL DMRS symbols for more than one port”.

Issue 2: UE feature group 40-4-5a “Additional row(s) for antenna ports (0,2,3) for Rel.18 DMRS ports for single-DCI based M-TRP” has ambiguity that the feature group is for DL, UL, or both DL and UL DMRS. It is better to break this UE feature groups into two groups, one for DL DMRS and one for UL DMRS. 
 
Proposal 5-2: Break 40-4-5a “Additional row(s) for antenna ports (0,2,3) for Rel.18 DMRS ports for single-DCI based M-TRP” into two separate UE feature groups, one for DL DMRS, the other for UL DMRS. 

Issue 3: in the agreed UE feature list (R1-2312705) in RAN1 115, there were some FFS on prerequisite for Rel-18 DMRS UE features, such as whether Rel-15 DMRS should be prerequisite for Rel-18 DMRS. On this issue, in general, we don’t prefer set Rel-15 DMRS as prerequisite for Rel-18 DMRS. The rationale for this preference is that, Rel-15 DMRS ports are essentially a subset of Rel-18 DMRS ports. A Rel-18 UE can choose to only support Rel-18 DMRS without supporting Rel-15 DMRS. Although a Rel-18 UE normally would implement Rel-15 DMRS for backward compatible to access a Rel-15 base station, but strictly speaking, nothing prevents a Rel-18 UE only implement Rel-18 DMRS. We suggest leaving this up to UE implementation without add more prerequisites into 38.306 specification. 

Proposal 5-3: It is recommended to not add/agree more prerequisites for 40-4 family of UE feature groups for Rel-18 DMRS, beside those already agreed prerequisites. 


6. SRS enhancement targeting TDD CJT and 8 TX operation

For FGs 40-5-1 or 40-5-2, no pre-requisite seems to be necessary and the highlighted text should be deleted. It is obvious that for a UE supporting these Rel-18 SRS hopping schemes, the basic SRS feature should be already supported, and there is no need to spell out / debate the basic SRS features.

Proposal 6-1: For Rel-18 SRS targeting TDD CJT, adopt the following changes:

	40. NR_MIMO_evo_DL_UL
	40-5-1
	SRS comb offset hopping

	Support of SRS comb offset hopping
	FFS
	Yes
	n/a
	SRS comb offset hopping is not supported 
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-5-2
	SRS cyclic shift hopping
	Support of SRS cyclic shift hopping
	[2-53]
	Yes
	n/a
	SRS cyclic shift hopping is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling




On SRS for 8 TX, no opening issue is identified. 


7. Simultaneous multi-panel transmission

The following minor aspects should be addressed for STxMP feature:
· FG 40-6-1b: Pre-requisite is already agreed, but the left-side bracket is not removed in the final list (typo).
· FG 40-6-1-2: Pre-requisite should be 40-6-1 or 40-6-1a (“or” is missing).
· FG 40-6-3a: Component 1 should be “non-overlapping in frequency”. This is already agreed (as captured in R1-2312608: Session notes) but is not correctly captured in the final list.
· FGs 40-6-3h / 40-6-3i: The pre-requisite 40-6-3a is correct, and the brackets around it should be removed.
· FGs 40-6-3j / 40-6-3k / 40-6-3l / 40-6-3m / 40-6-3n: These FGs including all the text are already agreed (as captured in R1-2312608: Session notes), but somehow the brackets around some of the texts are not removed in the final list.
· FGs 40-6-3o / 40-6-3p: Pre-requisite for these FGs should be 40-6-3b.
· FG 40-6-3b-1: Pre-requisite for this FG should be “2-15a, 40-6-3b”.
· FG 40-6-5: No pre-requisite is needed for this FG.


Hence, we propose the following, which captures the discussions above.

Proposal 6-1: For Rel-18 STxMP, adopt the following changes:

	40. NR_MIMO_evo_DL_UL
	40-6-1b
	Association between CSI-RS and SRS for noncodebook single-DCI based STx2P SDM scheme for PUSCH
	1. Support of up to two NZP CSI-RS resources associated with the two SRS resource sets for non-codebook based STxMP SDM scheme for PUSCH
2. Maximum number of periodic SRS resources associated with first and second CSI-RS per BWP
3. Maximum number of aperiodic SRS resources associated with first and second CSI-RS per BWP
4. Maximum number of semi-persistent SRS resources associated with first and second CSI-RS per BWP
5. UE can process Y SRS resources associated with first and second CSI-RS resources simultaneously in a CC. Includes P/SP/A SRS
6. UE can process up to X CSI-RS resources associated with SRS for non-codebook-based transmission simultaneously
	[2-15a, 40-6-1a
	Yes
	N/A
	Associated CSI-RS resources for non-codebook single-DCI based STxMP SDM scheme for PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	Component 2 candidate values: {1, 2,…,8}

Component 3 candidate values: {1, 2,…,8}

Component 4 candidate values: {0,1, 2,…,8}

Component 5 candidate values: {1, 2,…,16}

Component 6 candidate values: {1,2}

	Optional with capability signalling

	40. NR_MIMO_evo_DL_UL
	40-6-1-2
	New DMRS port entry for single-DCI based SDM scheme
	Support of new DMRS port entry {0, 2, 3}

	40-6-1 or ,40-6-1a
	Yes
	N/A
	New DMRS port entry for single-DCI based SDM scheme is not supported
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signalling



	40. NR_MIMO_evo_DL_UL
	40-6-3a
	codebook multi-DCI based STx2P PUSCH+PUSCH for DG+DG
	1. Support of multi-DCI based STx2P PUSCH+PUSCH for codebook-based PUSCH with fully overlapping PUSCHs in time and non-overlapping in frequency
2. Support of two SRS resource sets with usage set to 'codebook' associated with two coresetPoolIndex values
3. Maximum number of SRS resources in one SRS resource set
4. Maximum number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain
5. Maximum number of NZP PUSCH ports for each PUSCH of PUSCH+PUSCH overlapping in time domain
6. Maximum number of PUSCHs per CORESETPoolIndex per slot
7. Maximum total number of layers across two overlapping PUSCH
8. Maximum number of SRS antenna ports for each SRS resource in each SRS resource set
	2-14
	Yes
	N/A
	Codebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per FSPC
	n/a
	FR2 only
	n/a
	Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex.

Component 3 candidate values: {1,2,4}

Note: If value 4 is reported for component 3, UE also reports value 4 in FG 16-5c.

Component 4 candidate values: {1,2}

Component 5 candidate values: {1,2,4}
Note: If a row of the TPMI consists of all 0’s, the corresponding PUSCH port is not counted

Component 6 candidate values: {1,2,3,4,7}
Note: per SCS, similar with Rel-15

Component 7 candidate values: {2 ,3, 4}

Component 8 candidate values: {1, 2 ,4}





	Optional with capability signaling




	40. NR_MIMO_evo_DL_UL
	40-6-3h
	Codebook multi-DCI based STx2P PUSCH+PUSCH for CG+CG
	Support of multi-DCI based STxMP CG-PUSCH+CG-PUSCH
	[40-6-3a]
	Yes
	N/A
	Multi-DCI based STx2P for CG+CG is not supported for codebook
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3i
	Codebook multi-DCI based STx2P PUSCH+PUSCH for DG+CG
	Support of multi-DCI based STxMP DG-PUSCH+CG-PUSCH
	[40-6-3a]
	Yes
	N/A
	Multi-DCI based STx2P for DG+CG is not supported for codebook
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling





	40. NR_MIMO_evo_DL_UL
	40-6-3j
	[Noncodebook multi-DCI based STx2P PUSCH+PUSCH – Fully overlapping PUSCHs in time and fully overlapping in frequency]
	[Support of fully overlapping PUSCHs in time and fully overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH]
	40-6-3b
	Yes
	N/A
	Fully overlapping PUSCHs in time and fully overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3k
	[Noncodebook multi-DCI based STx2P PUSCH+PUSCH – Fully overlapping PUSCHs in time and partially overlapping in frequency]

	[Support of fully overlapping PUSCHs in time and partially overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH]

	40-6-3b
	Yes
	N/A
	Fully overlapping PUSCHs in time and partially overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3l
	[Noncodebook multi-DCI based STx2P PUSCH+PUSCH – Partially overlapping PUSCHs in time and fully overlapping in frequency]

	[Support of partially overlapping PUSCHs in time and fully overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH]

	40-6-3b
	Yes
	N/A
	Partially overlapping PUSCHs in time and fully overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3m
	[Noncodebook multi-DCI based STx2P PUSCH+PUSCH – Partially overlapping PUSCHs in time, partially overlapping in frequency]

	[Support of partially overlapping PUSCHs in time, partially overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH]

	40-6-3b
	Yes
	N/A
	Partially overlapping PUSCHs in time, partially overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3n
	[Noncodebook multi-DCI based STx2P PUSCH+PUSCH – Partially overlapping PUSCHs in time, non-overlapping in frequency]

	[Support of partially overlapping PUSCHs in time, non-overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH]

	40-6-3b
	Yes
	N/A
	Partially overlapping PUSCHs in time, non-overlapping in frequency for noncodebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3o
	Noncodebook multi-DCI based STx2P PUSCH+PUSCH for CG+CG
	Support of multi-DCI based STxMP CG-PUSCH+CG-PUSCH for noncodebook
	[40-6-3a]40-6-3b
	Yes
	N/A
	Multi-DCI based STx2P for CG+CG is not supported for noncodebook 
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3p
	Noncodebook multi-DCI based STx2P PUSCH+PUSCH for DG+CG
	Support of multi-DCI based STxMP DG-PUSCH+CG-PUSCH for noncodebook
	[40-6-3a]40-6-3b
	Yes
	N/A
	Multi-DCI based STx2P for DG+CG is not supported for noncodebook 
	Per Band
	n/a
	FR2 only
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-3b-1
	Associated CSI-RS resources for noncodebook multi-DCI based STx2P PUSCH+PUSCH
	1. Support of up to two NZP CSI-RS resources associated with the two SRS resource sets for multi-DCI non-codebook based STxMP scheme for PUSCH
2. Maximum number of periodic SRS resources associated with first and second CSI-RS per BWP
3. Maximum number of aperiodic SRS resources associated with first and second CSI-RS per BWP
4. Maximum number of semi-persistent SRS resources associated with first and second CSI-RS per BWP
5. UE can process Y SRS resources associated with first and second CSI-RS resources simultaneously in a CC. Includes P/SP/A SRS
6. UE can process up to X CSI-RS resources associated with SRS for non-codebook-based transmission simultaneously
	FFS2-15a, 40-6-3b
	Yes
	n/a
	Associated CSI-RS resources for noncodebook multi-DCI based STx2P PUSCH+PUSCH is not supported
	Per Band
	n/a
	FR2 only
	n/a
	Component 2 candidate values: {1 to 8}

Component 3 candidate values: {1 to 8}

Component 4 candidate values: {0 to 8}

Component 5 candidate values: {1 to 16}

Component 6 candidate values: {1 to 2}
	Optional with capability signaling



	40. NR_MIMO_evo_DL_UL
	40-6-5
	Support grouped-based beam reporting for STx2P
	1. Support group based L1-RSRP reporting for STxMP based transmission
2. Max number N of beam groups (M=2 beams per beam group) in a single L1-RSRP reporting instance based on measurement on two CMR resource sets 
3. Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs
4. Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs
	FFS
	Yes
	n/a
	Grouped-based beam reporting for STx2P is not supported
	Per Band
	n/a
	FR2 only
	n/a
	Component 1 candidate values: {JointULandDL, ULOnly, both}
Component 2 candidate values: {1,2,3,4}
Component 3 candidate values: {2,3,4,8,16,32,64}
Component 4 candidate values: {8, 16, 32, 64, 128}

Note: components 3 and 4 are also counted in FG 16-1g, 16-1g-1, and 23-5-1
	Optional with capability signaling





8. SRI/TPMI for 8 TX UL transmission
On 8 TX PUSCH, most of the UE feature groups were finalized in RAN1 #115 with some minor open issues, which are listed below. 

Issue 1: There are a few FFS on prerequisite for a few feature groups in 40-7 family. Regarding those FFS, we don’t think 8 Tx PUSCH features have any dependency on other legacy UL UE features. Therefore, we suggest remove those FFS. 
Proposal 8-1: Remove the FFS for prerequisite for UE feature groups in 40-7 family. 

Issue 2: Candidate values are missing for UE feature group 40-7-2 “Basic features for Non-Codebook-based 8Tx PUSCH”. 
Proposal 8-2: Add the following candidate values for UE feature group 40-7-2 “Basic features for Non-Codebook-based 8Tx PUSCH”.
· Candidate values: {1,2,3,4,5,6,7,8} for component 1 “Supported maximal PUSCH MIMO layers for non-codebook based PUSCH”.
· Candidate values: {1,2,3,4,5,6,7,8} for component 2 “Supported maximum number of SRS resources per SRS resource set with usage set to 'nonCodebook' ”. 
· Candidate values: {1,2,3,4} for component 3 “Maximum number of simultaneous transmitted SRS resources at one symbol”.

Issue 3: candidate values are in “[]” for UE feature group 40-7-2a. On this issue, the “[]” can be simply removed, because those candidate values are simply following the legacy in Rel-15. 

Proposal 8-3: Remove the “[]” around candidate values for UE feature group 40-7-2a. 


Besides the above leftover minor issues from RAN1 #115, triggered by RAN 4 LS R4-2321728 “Reply LS on coherence between PUSCH and 8-ports SRS with partial dropping”, a major issue was identified for UE feature group for 8Tx PUSCH. In LS R4-2321728, the following is provided to answer the question raised by RAN1. RAN1 Question 1: For a coherent 8Tx PUSCH transmission, can a UE meet the relative phase and power error requirements (defined in RAN 4 specifications) among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, when the SRS is configured with or without TDM and no SRS symbol is dropped? 
RAN4 Answer: Yes, depending on UE capability. Some UEs may be capable to achieve coherence across TDM’d SRS and some UE may not. The current RAN4 requirements for coherent UL-MIMO are specified for a pair of connectors (two ports/Tx connectors). It is the understanding of RAN4 that a UE supporting full coherent 8Tx should at least meet the specified phase and power error requirements for any pair of two Tx antenna connectors in the current RAN4 specifications.



Based on RAN4 answer “Yes, depending on UE capability. Some UEs may be capable to achieve coherence across TDM’d SRS and some UE may not” in the above answer, it is recognized that achieving coherency across TDMed SRS is a new, and potentially more challenging, requirement for a UE to achieve, rather than the legacy coherency across nonTDMed SRS. Therefore, an 8 Tx UE might be able to achieve coherency with nonTDMed 8-port SRS, while not able to achieve coherency with TDMed 8-port SRS. However, current UE capability framework is not able to distinguish between these two cases. 
Current Rel-18 8-Tx UE capability signaling has the following independent signaling of UE feature group:
· SRS 8 Tx ports - codebook: This is the UE capability signaling of 8 Tx SRS for codebook based PUSCH. The component values for this capability signaling are {noTDMed SRS, noTDMed and TDMed SRS}
· Support of codebook-based 8Tx PUSCH - codebook1: This is the UE capability signaling to indicate supporting full coherent 8 Tx PUSCH
· Support of codebook-based 8Tx PUSCH – codebook2: This is the UE capability signaling to indicate supporting partial coherent 8 Tx PUSCH with two antenna groups (4+4 structure)
· Support of codebook-based 8Tx PUSCH – codebook3: This is the UE capability signaling to indicate supporting partial coherent 8 Tx PUSCH with 4 antenna groups (2+2+2+2 structure)
· Support of codebook-based 8Tx PUSCH – codebook4: This is the UE capability signaling to indicate supporting non coherent 8 Tx PUSCH

With current independent signaling UE features, for each codebook, a UE can indicate support that codebook with what kind of SRS. For example, with coherent codebook 1, a UE can signal the one of the following 2 combinations.  
· Combination 1: the UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS
· Combination 2: the UE support coherent 8Tx PUSCH (codebook 1) with noTDMed and TDMed SRS

As another example, with noncoherent codebook 4, a UE can signal the one of the following 2 combinations
· Combination 3: the UE support noncoherent 8 Tx PUSCH (codebook 4) with noTDMed SRS
· Combination 4: the UE support noncoherent 8Tx PUSCH (codebook 4) with noTDMed and TDMed SRS

However, what missing is a “joint” capability signaling of coherence type and SRS type. For example, a UE might want to signaling the following: 
· The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS. 

As mentioned above, the rationale for this signaling is because coherency with TDMed SRS is a newer, and likely more challenging, requirement than coherentcy with nonTDMed (legacy) SRS. A UE can support coherency with legacy nonTDMed SRS may not be able to support coherency with the new TDMed SRS. 

With the above reasoning, it is proposed to add a UE capability signaling to diffenrentiate the coherency with and without TDMed SRS. Taking all 4 codebooks into consideration, we want a “joint” capability signaling of coherence type and SRS type which allows the UE to signaling one of the following. 
· Joint signaling value 1: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 2) with TDMed SRS
· Joint signaling value 2: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 3) with TDMed SRS
· Joint signaling value 3: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS
· Joint signaling value 4: The UE support partial coherent 8 Tx PUSCH (codebook 2) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 3) with TDMed SRS
· Joint signaling value 5: The UE support partial coherent 8 Tx PUSCH (codebook 2) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS
· Joint signaling value 6: The UE support partial coherent 8 Tx PUSCH (codebook 3) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS

One should notice that the existing UE capability can support signaling values such as “The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, and the UE support coherent 8 Tx PUSCH (codebook 1) with TDMed SRS as well”. Therefore, there is no need to add those values in the new UE capability. 

Based on the above analysis, the following proposal is proposed. 

Proposal 8-4: for codebook based 8-Tx PUSCH, add a UE feature group as 40-7-1h under 40-7-1 family. The new UE feature group signals the supported codebook type and SRS type jointly with the following candidate values. 
· Candidate value 1: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 2) with TDMed SRS
· Candidate value 2: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 3) with TDMed SRS
· Candidate value 3: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS
· Candidate value 4: The UE support partial coherent 8 Tx PUSCH (codebook 2) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 3) with TDMed SRS
· Candidate value 5: The UE support partial coherent 8 Tx PUSCH (codebook 2) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS
· Candidate value 6: The UE support partial coherent 8 Tx PUSCH (codebook 3) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS

Converting the above proposal into the compatible form to fit into the 40-7 family, the following is proposed. 

Proposal 8-5: In 40-7 UE features family, add the following UE feature group 40-7-1h for 8-Tx codebook based PUSCH.

	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

	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
	40-7-1h
	Joint indication of supported codebook type and SRS type
	1. Joint indication of supported codebook type and SRS type
	
	YES
	N/A
	Cannot jointly indicate supported codebook type and SRS type
	Per FSPC
	NO
	NO
	NO
	Candidate values as below:
· Candidate value 1: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 2) with TDMed SRS
· Candidate value 2: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 3) with TDMed SRS
· Candidate value 3: The UE support coherent 8 Tx PUSCH (codebook 1) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS
· Candidate value 4: The UE support partial coherent 8 Tx PUSCH (codebook 2) with noTDMed SRS, but only support partial coherent 8 Tx PUSCH (codebook 3) with TDMed SRS
· Candidate value 5: The UE support partial coherent 8 Tx PUSCH (codebook 2) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS
· Candidate value 6: The UE support partial coherent 8 Tx PUSCH (codebook 3) with noTDMed SRS, but only support noncoherent 8 Tx PUSCH (codebook 4) with TDMed SRS


	Optional with capability signaling







