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1 Introduction
At the RAN1#116bis meeting, UE features for Rel-18 WIs were discussed, and the updated UE features list in [1] was endorsed. 
In this contribution, we discuss remaining issues on UE features for NR MIMO, expanded and improved NR positioning, NES, mobility enhancement, NR-NTN and BWP without restriction.


2 Discussion on FGs for NR MIMO
At the RAN1#116bis meeting, UE features for NR MIMO were discussed, and there is no remaining FFS in the latest version of the UE features list. On the other hand, there were several remaining proposals in the FL summary at the RAN1#116bis [2].
On “across all CC” component
A RAN2 LS [3] asked RAN1 for clarification on some UE capabilities, in which there are components for “across all CCs”. RAN1 needs to provide a response. 
FG 40-1-1/7, there are components about “maximum number of activated joint TCI states across all CCs” as shown below. 
	40-1-1
	Unified TCI with joint DL/UL TCI update for single-DCI based intra-cell multi-TRP with single activated TCI codepoint per CC
	1. Maximum number of configured joint TCI states per CC per BWP
2. Maximum number of activated joint TCI states across all CCs
	23-1-1
	Per band
	Component 1 candidate values: {8, 12, 16, 24, 32, 48, 64, 128}

Component 2 candidate values: {2, 4, 6, 8, 16, 32}

Note: FG 16-2b-0 can be used to indicate support of two default beams 

	40-1-7
	Unified TCI with joint DL/UL TCI update for multi-DCI based multi-TRP with single activated TCI codepoint per CORESETPoolIndex per CC
	1. Support of  mTRP operation for M-DCI with joint TCI state
3. Maximum number of configured joint TCI states per BWP per CC
4. Maximum number of activated joint TCI states across all CCs per ‘coresetPoolIndex’ value
5. One MAC-CE activates one joint TCI-states per CC in a band for a TRP associated with a ‘coresetPoolIndex’ value
	23-1-1
	Per band
	Component 1 candidate values {intra-cell, intra-cell and inter-cell}

Component 3 candidate values: {8, 12, 16, 24, 32, 48, 64, 128}

Component 4 candidate values: {1, 2, 4, 8, 16}

Note: activated joint TCI state(s) include all PDCCH/PDSCH receptions and PUSCH/PUCCH transmissions

Note: FG 16-2a-6 can be used to indicate support of two default beams






In our understanding, these components are analogous to the prerequisite FG 23-1-1 component 5, where “across all CC(s) in a band” is clearly described. Therefore, we think same clarification can be made (i.e., component 2 in FG 40-1-1 and component 4 in FG 40-1-7 above report the values applied “across all CC(s) in a band”). 
	23-1-1
	Unified TCI with joint DL/UL TCI update for intra-cell beam management
	1. Joint DL/UL TCI update with their components: (configuration mechanism, QCL rules, applicable source and target signals)
2. The maximum number of configured joint TCI states per BWP per CC in a band
3. One MAC-CE activated joint TCI state per CC in a band
4. TCI state indication for update and activation
a) MAC CE based TCI state indication for one active TCI state
5. The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band




For FG 40-1-2/2a/9 below, there are similar components to above, i.e., “maximum number of TCI states across all CCs”. The difference is that they focus on DL or UL TCI states (not joint TCI states). We believe they are also analogous to the prerequisite FG 23-10-1 component 7/8, where “across all CC(s) in a band” is clearly described. So, the same clarification can be made (i.e., “across all CC(s) in a band”).
	40-1-2
	Unified TCI with separate DL/UL TCI update for single-DCI based intra-cell multi-TRP with single activated TCI codepoint per CC
	1. Maximum number of configured DL TCI states per CC per BWP
2. Maximum number of configured UL TCI states per CC per BWP 
3. Maximum number of activated DL TCI states across all CCs
4. Maximum number of activated UL TCI states across all CCs
	40-1-1, 23-10-1
	Per band
	Component 1 candidate values: {4,8,12,16,24,32,48,64,128}

Component 2 candidate values: {4,8,12,16,24,32,48,64} 

Component 3 candidate values: {2,4,8,16}

Component 4 candidate values: {2,4,8,16}

Note: FG 16-2b-0 can be used to indicate support of two default beams

	40-1-2a
	Unified TCI with separate DL/UL TCI update for single-DCI based intra-cell multi-TRP with multiple activated TCI codepoints per CC
	1. TCI state indication for update and activation  
a) MAC-CE+DCI-based TCI state indication (use of monitored DCI formats 1_1 and if supported 1_2) with DL assignment
b) MAC-CE+DCI-based TCI state indication (use of monitored DCI formats 1_1 and if supported 1_2) without DL assignment
2. Maximum number of activated DL TCI states across all CCs
3. Maximum number of activated UL TCI states across all CCs
	40-1-2
	Per band
	Component 2 candidate values: {2,4,8,16}

Component 3 candidate values: {2,4,8,16} 

Note: FG 16-2b-0 can be used to indicate support of two default beams

	40-1-9
	Unified TCI with separate DL/UL TCI update for multi-DCI based multi-TRP with single activated TCI codepoint per CORESETPoolIndex per CC
	0. Support of mTRP operation for M-DCI with separate DL/UL TCI state
1. Maximum number of configured DL TCI states per BWP per CC 
2. Maximum number of configured UL TCI states per BWP per CC 
3. Maximum number of activated DL TCI states across all CC
4. Maximum number of activated UL TCI states across all CC
5. One MAC-CE activated DL TCI-state per CC in a band for a TRP associated with a ‘coresetPoolIndex’ value.
6. One MAC-CE activated UL TCI-state per CC in a band for a TRP associated with a ‘coresetPoolIndex’ value.
	40-1-7, 23-10-1
	Per band
	Component 0 candidate values {intra-cell, intra-cell and inter-cell}

Component 1 candidate value {8, 12, 16, 24, 32, 48, 64, 128}

Component 2 candidate value {8, 12, 16, 24, 32, 48, 64}

Component 3 candidate values: {1, 2, 4, 8, 16}

Component 4 candidate values: {1, 2, 4, 8, 16}



For FG 40-2-8, since this is per-BC FG, it is clear that it means “across all CCs in the band combination”.  
	40-2-8
	Maximum number of TAGs across all CCs 
	Maximum number of TAGs across all CCs

	40-2-1 or 40-2-2
	Per BC
	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



For FG 40-3-1-1/1a/3/5/5a/7/8, 40-3-2-1/1a/2/5/6, 40-3-3-1/5 below (i.e., CSI-related), all of them are per-band and per-BC capabilities, and their reading should be straightforward such that the “across all CCs” component in per-band signaling and per-BC signaling implies “across all CCs in the band” and “across all CCs in the band combination”, respectively. 
	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
	2-35
	Per band and Per BC
	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}

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

	40-3-1-1a
	Support of mode 1 for Rel-16-based CJT type-II codebook with FD basis selection integer frequency offset 
	1. Support of Rel-16 eType-II codebook refinement for multi-TRP CJT with PMI subband R=1.
2. Support of parameter combinations with L=2,4 
3. Support of rank 1,2
4. 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]
5. Supported frequency basis selection mode 1, i.e., common frequency basis selection among different TRPs with FD basis selection integer frequency offset
	40-3-1-1
	Per band and Per BC
	Component 4 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

	40-3-1-3
	Support R=2 for Rel-16-based CJT codebook  
	1. Support of Rel-16 eType-II codebook refinement for multi-TRP CJT with PMI subbands R=2
2. {Max # of Tx ports in one resource set, Max # of resource sets, total # of Tx ports}, across all CCs simultaneously, with R=2
	40-3-1-1
	Per band 
Per BC
	Component 2 candidate values:
a) {4,8,12,16,24,32}
b) {2 to 64}
c) {4 to 256}

	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
	2-35
	Per band and
Per BC 
	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}

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

	40-3-1-5a
	Support of mode 1 for Rel-17-based CJT type-II codebook with FD basis selection integer frequency offset
	1. Support of Rel-17 FeType-II port selection codebook refinement for multi-TRP CJT with PMI subband R=1.
2. Support of parameter combinations with M=1 
3. Support of rank 1,2
4. 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
5. Supported frequency basis selection mode 1, i.e., common frequency basis selection among different TRPs with FD basis selection integer frequency offset
	40-3-1-5
	Per band and per BC
	Component 4 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

	40-3-1-7
	Support of M=2 and R=1 for Rel-17-based CJT codebook  
	1. Support of Rel-17 FeType-II port selection codebook refinement for multi-TRP CJT with M=2 and PMI subband R=1
2. {Max # of Tx ports in one resource set, Max # of resources and total # of Tx ports}, across all CCs simultaneously, with M=2 and R=1
	40-3-1-5 or 40-3-1-5a
	Per band and per BC
	Component 2 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

	40-3-1-8
	Support R=2 for Rel-17-based CJT codebook  
	1. Support of Rel-17 FeType-II port selection codebook refinement for multi-TRP CJT with PMI subband R=2.
2. {Max # of Tx ports in one resource set, Max # of resources and total # of Tx ports}, across all CCs simultaneously, with R=2


	40-3-1-5 or 40-3-1-5a
	Per band and Per BC
	Component 2 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

	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
	2-35
	Per band 
and Per BC
	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}

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


	40-3-2-1a
	Support of Rel-16-based doppler measurement with N4>1
	1. Support for the size of DD-basis, N4>1
2. A list of supported combinations, each combination is {Max N4, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
3. A list of supported combinations, each combination is {Max N4, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CSI report setting
4. Value of d=m for the DD unit size when A-CSI-RS is configured for CMR
	40-3-2-1
	Per band 
and Per BC
	Component 2 candidate values
a. {1,2,4,8}
b. {4,8,12,16,24,32}
c. {2,3,4 … 64}
d. {4, …, 256}


Component 3 Candidate values
a. {1,2,4,8}
b. {4,8,12,16,24,32}
c. {4,8,12}
d.{4, …, 256}

	40-3-2-2
	Support R=2 for Rel-16-based doppler codebook  
	A list of supported combinations {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}, across all CCs simultaneously, with R=2
	40-3-2-1
	Per band and per BC
	Candidate values for component 1:
 - Maximum 16 triplets
 - Max # of Tx ports in one resource: {4,8,12,16,24,32}
 - Max # resources: {1 to 64}
 - Max # total ports: {4 to 256}

	40-3-2-5
	Support of M=2 and R=1 for Rel-17-based doppler codebook  
	1. Support of Rel-17 FeType-II port selection codebook refinement for predicted PMI with M=2 and PMI subband R=1
2. 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 
b) Maximum total number of NZP CSI-RS resource 
c) Maximum total number of Tx ports of NZP CSI-RS resources
	40-3-2-4
	Per-band 
and Per-BC
	Component 2 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

	40-3-2-6
	Support R=2 for Rel-17-based doppler codebook  
	1. Support of Rel-17 FeType-II port selection codebook refinement for predicted PMI with PMI subbands R=2
2. 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 
b) Maximum total number of NZP CSI-RS resource 
c) Maximum total number of Tx ports of NZP CSI-RS resources
	40-3-2-4
	Per band and per BC
	Component 2 candidate values:
a) {4, 8, 12, 16, 24, 32}
b) {2,3,4 … 64}
c) {4, …, 256}

	40-3-3-1
	TDCP (Time Domain Channel Properties) report
	1. Support of Y=1 delay value for TDCP report
2. Basic delay value, component candidate value <= D_basic = 1 slot  
3. Support of amplitude report
4. Value of X for CPU occupation (OCPU=(Y+1).X)
5. Support to configure KTRS = 1 TRS resource set
6. Maximum number of simultaneously active CSI-RS resources for TDCP across all CCs
	2-35
	Per band and Per BC
	Component 4 candidate values: {1,2}

Component 6, candidate values {4, 6, 8, 10, 12, 14, 16, 18, 20, 22, …, 60, 62, 64} 

Note: counting of simultaneously active CSI-RS resources follows existing specification TS38.214

	40-3-3-5
	Number of CSI-RS resources for TDCP
	1. Maximum number of configured CSI-RS resources for TDCP per CC
2. Maximum number of configured CSI-RS resources for TDCP across all CCs
3. Maximum number of simultaneously active CSI-RS resources for TDCP per CC
	40-3-3-1
	Per band and Per BC
	Component 1 candidate values: {2, 4, 6, 8, 10, 12}

Component 2 candidate values: {2, 4, 6, 8, 12, … 64}

Component 3 candidate values: {2, 4, 6, 8, 12, 16, 20, 24, 28, 32}

Note: counting of simultaneously active CSI-RS resources follows existing specification TS38.214



For FG 40-6-5 component 3 and its prerequisite FG 23-5-1 component 2 (which are also asked for clarification by RAN2), the situation may not be very clear. 23-5-1 doesn’t have a prerequisite FG so no reference exists. 

	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
	23-5-1
	Per Band
	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



	23-5-1
	Group based L1-RSRP reporting enhancements
	1. 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

2. Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs

3. Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs
	
	mTRP-GroupBasedL1-RSRP-r17
{
maxNumBeamGroups-r17,
maxNumRS-WithinSlot-r17,
maxNumRS-AcrossSlot-r17
}
	MIMO-ParametersPerBand
	Component 1 candidate values: {1,2,3,4}
Component 2 candidate values: {2,3,4,8,16,32,64}
Component 3 candidate values: {8, 16, 32, 64, 128}

Note: component 2 and 3 are also counted in FG 16-1g and 16-1g-1


Those two are related to (group-based) L1-RSRP reporting (one for Rel-18 STxMP, the other for Rel-17 mTRP). In Rel-15, the maximum number of SSB/CSI-RS resources for L1-RSRP measurement is reported by FG 2-24 (beamManagementSSB-CSI-RS), which is per-band mandatory FG with capability signaling. However, it has the following note. 
	beamManagementSSB-CSI-RS
Defines support of SS/PBCH and CSI-RS based RSRP measurements. The capability comprises signalling of
-	maxNumberSSB-CSI-RS-ResourceOneTx indicates maximum total number of configured one port NZP CSI-RS resources and SS/PBCH blocks that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE). On FR2, it is mandatory to report >=8; On FR1, it is mandatory with capability signalling to report >=8.
-	maxNumberCSI-RS-Resource indicates maximum total number of configured NZP-CSI-RS resources that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] across all serving cells (see NOTE). It is mandated to report at least n8 for FR1.
-	maxNumberCSI-RS-ResourceTwoTx indicates maximum total number of two ports NZP CSI-RS resources that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE).
-	supportedCSI-RS-Density indicates density of one RE per PRB for one port NZP CSI-RS resource for RSRP reporting, if supported. On FR2, it is mandatory to report either "three" or "oneAndThree"; On FR1, it is mandatory with capability signalling to report either "three" or "oneAndThree".
-	maxNumberAperiodicCSI-RS-Resource indicates maximum number of configured aperiodic CSI-RS resources across all serving cells (see NOTE). For FR1 and FR2, the UE is mandated to report at least n4.
NOTE:	If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.
	Band
	Yes
	N/A
	FD



Our understanding on the highlighted note is that, the value reported by the corresponding component (which is the max. number of resources across all CCs) is actually the summation across all the bands that the UE supports in either FR1 or FR2. In other words, it is more like a per-FR reporting, not per-band reporting. 
Given above, we think RAN1 should clarify whether the components with “across all CC(s)” reporting in FG 23-5-1 and 40-6-5 follows the same intention as for similar components in Rel-15 beamManagementSSB-CSI-RS above. If it is the case, assuming the ones in FG 23-5-1 and 40-6-5 will be the summation across bands in either FR1 or FR2, similar clarification note may need to be added in 38.306 and/or 38.331, which can be recommended to RAN2 once confirmed in RAN1. 

For FG 40-7-2 there is also a component with “across all CCs”. Note that this FG is defined per-FSPC. 
	40-7-2a
	Association between CSI-RS and SRS for non-codebook case
	1. Support association between NZP-CSI-RS and SRS resource set via RRC parameter "SRS-ResourceSet" for noncodebook 8Tx PUSCH operation
2. 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
	40-7-2
	Per FSPC
	Component 2 candidate value: Maximum size of the list is 16.
The candidate values for the max # of Tx port in one resource is
{2, 4, 8, 12, 16, 24, 32}
The candidate value set of the max # of resources is:
{1 to 64}
The candidate value set of total # of ports is:
{2 to 256}


The above is related to CSI-RS resources used for NCB PUSCH transmission by 8Tx feature. There are some points which cause a confusion. For example, this is defined as per-FSPC, so the signaling is provided for a CC in a band in a band combination. Therefore, the range of “all CC(s)” in component 2 over this reporting is not clear per the current definition. 
In our view, this FG is analogous to Rel-15 FG 2-15a which has both per-band and per-BC signaling. Therefore, the component 2 may need to follow the same principle, that is, to define signaling for component 2 as per band and per BC instead of per FSPC. 
It is also noted that the per-BC signaling in Rel-15 FG 2-15a seems to be shared among multiple Rel-15 FGs which relate to the triplet. There may also be a discussion on how to define per-BC signaling for this 8Tx feature as well, e.g., whether to refer to the existing Rel-15 signaling or create new signaling. 

RAN2 also asked the same question regarding the following Rel-17 FGs. 
mTRP-CSI-EnhancementPerBand-r17/mTRP-CSI-EnhancementPerBC-r17
These two can be treated in a similar manner to that for Rel-18 CSI related FGs, considering that per-band and per-BC signaling are both defined. 
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis: Support of N=1
2, Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max
3. CSI report mode selection of mode 1 with X=0 and/or mode 2
4. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is
b) Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis
c) Maximum total number of CMRs for NCJT measurement
d) Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses
5. Supported codebook modes for NCJT CSI
	
	mTRP-CSI-EnhancementPerBC-r17
{
maxNumNZP-CSI-RS-r17,
cSI-Report-mode-r17,
supportedComboAcrossCCs-r17,
codebookMode-NCJT-r17
}
	CA-ParametersNR-v1700
	Component 2 candidate value set: {2, 3, 4, 5, 6, 7, 8}

Component 3 candidate value set: {mode 1 with X=0, mode 2, both}

Component 4 candidate values:
a)	{2, 4, 8, 12, 16, 24, 32}
b)	{2,3,4 … 64}
c)	{2,3,4, …, 256}

Component 5 candidate values: {mode 1, both mode 1 and mode 2}



unifiedJointTCI-mTRP-InterCell-BM-r17
Since this is related to L1-RSRP beam reporting, as discussed for FG 40-6-5 and 23-5-1 above, RAN1 may need to clarify the intention of component with “across all CCs”. 
	23-1-2
	Inter-cell beam measurement and reporting (for inter-cell BM and mTRP)
	1. Support of L1-RSRP measurement and reporting on SSB(s) with PCI(s) different from serving cell PCI

2. Support of up to K SSBRI-RSRP pairs in one report where a pair is associated with a PCI different from serving cell PCI can be reported

3. The maximum number of RRC-configured PCI(s) different from serving cell PCI for L1-RSRP measurement

4. The max number of SSB resources configured to measure L1-RSRP within a slot with PCI(s) same as or different from serving cell PCI across all CC
	
	[bookmark: _Hlk165970811]unifiedJointTCI-mTRP-InterCell-BM-r17
{
maxNumAdditionalPCI-L1-RSRP-r17,
maxNumSSB-ResourceL1-RSRP-AcrossCC-r17
}
	MIMO-ParametersPerBand
	Component 3 candidate values: {1, 2, 3, 4, 5, 6, 7}
Component 4 candidate values: {1, 2, 4, 8}

Note: K is equal to maxNumberNonGroupBeamReporting

Note: component 4 is also counted in FG16-1g/16-1g-1



The following three FGs (23-2-1d/23-2-1e/55-6h) also have “across all CCs” components, where the signaling is defined per-FS. 
	23-2-1d
	PDCCH repetition for Case 2 PDCCH monitoring with a span gap

	1. Support of PDCCH repetition for PDCCH monitoring of any occasions with span gap as defined in FG 3-5b.
2. Supported mode of PDCCH repetition
3. X per CC
4. X across all CCs
	3-5b, 23-2-1
	mTRP-PDCCH-Case2-1SpanGap-r17
{
scs-15kHz-r17,
scs-30kHz-r17,
scs-60kHz-r17,
scs-120kHz-r17
}
	FeatureSetDownlink-v1700
	This capability is necessary for each SCS.

Component 2 candidate values: {intra-span, inter-span, both}

Component 3 candidate values: {4, 8, 16, 32, 44, 64, no limit}

Component 4 candidate values: {4, 8, 16, 32, 44, 64, 128, 256, 512, no limit}

NOTE:
-	Components 3 and 4 are reported only if UE supports inter-span PDCCH repetition.
-	The limit (X) is associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given span, where "received" and "not been received" is wrt the end of the corresponding span of PDCCH candidate.
-	The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16.
-	Candidate value "no limit" does not imply BD limit can be exceeded.

	23-2-1e
	PDCCH repetition for Rel-16 PDCCH monitoring

	1. Support of PDCCH repetition with Rel-16 PDCCH monitoring capability as defined in FG 11-2 family.
2. Supported mode of PDCCH repetition
3. X per CC
4. X across all CCs
	11-2, 23-2-1
	mTRP-PDCCH-legacyMonitoring-r17
{
scs-15kHz-r17,
scs-30kHz-r17
}
	FeatureSetDownlink-v1700
	This capability is signalled for SCS 15 kHz and 30 kHz.

Component2: {intra-span, inter-span, both}

Component3: {4, 8, 16, 32, 44, 64, no limit}

Component 4: {4, 8, 16, 32, 44, 64, 128, 256, 512, no limit}

NOTE:
-	Components 3 and 4 are reported only if UE supports inter-span PDCCH repetition.
-	The limit X is associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given span, where "received" and "not been received" is w.r.t. the end of the corresponding span of PDCCH candidate.
-	The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16.
-	Candidate value "no limit" does not imply BD limit can be exceeded.

	55-6h
	PDCCH repetition for Rel-16 PDCCH monitoring
	1. Support of PDCCH repetition with Rel-16 PDCCH monitoring capability as defined in FG 11-2 family.
2. Supported mode of PDCCH repetition
3. X per CC
4. X across all CCs
	FG23-2-1, and;

FG11-2 for (7, 3) or (4, 4) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Per FS
	Component 3: {4, 8, 16, 32, 44, 64, no limit}
Component 4: {4, 8, 16, 32, 44, 64, 128, 256, 512, no limit}

NOTE:
· Components 3 and 4 are reported only if UE supports inter-span PDCCH repetition.
· The limit X is associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given span, where "received" and "not been received" is w.r.t. the end of the corresponding span of PDCCH candidate. 
· The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16.
· Candidate value "no limit" does not imply BD limit can be exceeded

When a UE reports both FG 23-2-1e and this FG, the value reported in this FG is used if the configured span pattern of any serving cell satisfies FG 55-6

This capability is signalled for SCS 15 kHz and 30 kHz.



Assuming a UE supporting a band combination {band#A, band#B}, a per-FS capability can be reported to any of band#A and #B independently, between which a component in the per-FS capability may report different values. This situation can be depicted as follows: 
[image: ]
Fig.1: Per-FS capability reporting with “across all CCs” value report
In the above case, we identify there may be two different interpretations; 1) the “across all CCs” implies “across all CCs in a band” or 2) “across all CCs in a band combination”. Taking a per-FS capability reported to band#A and band#B, both in a band combination {band#A, band#B}, in Fig.1 as an example, 
· If interpretation#1 (the “across all CCs” implies “across all CCs in a band in a band combination”) is taken, N1 and N2 would imply component#1 value across all CCs in Band#A and Band#B, respectively, assuming the band combination{band#A, band#B} (thus N1 and N2 can be different).
· If interpretation#2 (the “across all CCs” implies “across all CCs in a band combination”) is taken, both N1 and N2 would imply component#1 value across all CCs in band combination {Band#A, Band#B} (thus N1 and N2 must be the same). 
Our understanding is aligned with interpretation#1, i.e., any component in a per-FS report indicates the value applicable to the FS (i.e., the band in the band combination) since the defined Type applies to all the components in the FG unless stated otherwise. Meanwhile, we understand that there may be the ones who rather follows the other interpretation, i.e., interpretation#2, given that per-FS capability, by definition, takes a band combination into consideration. Therefore, we are open for further discussion for the following. 

Proposal 1: Regarding Topic 3 asked by RAN2 LS [3], inform RAN2 of the following:
· For FG 40-1-1/2/2a/7/9, “across all CCs” in components mean “across all CCs in the band”
· For FG 40-2-8, “across all CCs” in components mean “across all CCs in the band combination”
· For FG 40-3-1-1/1a/5/5a/7/8, FG 40-3-2-1/1a/2/5/6, FG 40-3-3-1/5, mTRP-CSI-EnhancementPerBand-r17, and mTRP-CSI-EnhancementPerBC-r17, “across all CCs” in components mean:
· “across all CCs in the band” for per-band signaling.
· “across all CCs in the band combination” for per-BC signaling.

Proposal 2: Regarding Topic 3 asked by RAN2 LS [3], discuss the implication of “across all CCs” in the following FGs: 
· FG 40-6-6, mTRP-GroupBasedL1-RSRP-r17 and unifiedJointTCI-mTRP-InterCell-BM-r17: 
· Alt-1: Since they are per-band FG, it means “across all CCs in the band”
· Alt-2: Similar to FG 2-24, it means “across all CCs in all the bans in either FR1 or FR2”
· For FG 40-7-2a (note: both of the following can be simultaneously considered, similar to FG 2-15a): 
· Alt-1: It means “across all CCs in the band”.
· Alt-2: It means “across all CCs in the band combination”.
· For FG 55-6h, mTRP-PDCCH-Case2-1SpanGap-r17 and mTRP-PDCCH-legacyMonitoring-r17: 
· Alt-1: It means “across all CCs in the band”.
· Alt-2: It means “across all CCs in the band combination”. 

There is a RAN4 LS reply [4] on relative phase/power error requirements within port groups for 8TX UE. Based on RAN4’s reply, UE capability on coherency of TDMed SRS could be different for different codebook types.
	[bookmark: _Hlk160110680]Additionally, RAN4 further discussed coherence between PUSCH and 8-ports SRS with partial dropping. The  approved reply LS of R4-2321728 says that “Some UEs may be capable to achieve coherence across TDM’d SRS and some UE may not” in the answer for Question 1. It is RAN4’s understanding that the current capability wouldn’t allow a UE to indicate that the UE supports codebook 1 with not TDMed SRS, while the same UE can also support codebook 2, 3, or 4 with TDM’d SRS. If the RAN4 understanding is correct, RAN4’d like to request RAN1 to consider allowing UE to indicate the above mentioned cases, details are up to RAN1.


To achieve the UE capability reporting of above cases requested by RAN4, following two options can be considered. Note that the support of TDM and/or nonTDM 8TX ports SRS in FG 40-7-1 could be deleted if any of following options is adopted.
· Option 1: Add component on support of TDM and/or nonTDM 8TX ports SRS for FGs of each codebook type.
· Option 2: Add separate FGs on support of TDM and/or nonTDM 8TX ports SRS for different codebook types.
Either option could work. Considering that Option 1 is simpler, Option 1 is slightly preferred, and corresponding UE FGs can be updated as follows.

Proposal 3: For FG 40-7-1/1a/1b/1c/1d, adopt the following updates: 
· FG 40-7-1: Remove candidate values for component 3 (i.e., {noTDM, TDM and noTDM})
· FG 40-7-1a/1b/1c/1d: Introduce a new component for each, which indicates one of {noTDM, TDM and noTDM} for each codebook 
	40-7-1
	Basic features for Codebook-based 8Tx PUSCH
	1. Maximum number of PUSCH MIMO layers for codebook based PUSCH
2. Maximum number of 8 port SRS resources per SRS resource set with usage set to 'codebook’ for codebook-based 8Tx PUSCH
3. SRS 8 Tx ports—codebook
	
	Yes
	n/a
	Component 1 candidate values: {1,2 ,3,4 ,5,6,7,8}

Component 2 candidate values: {1,2}

Component 3 candidate values: {noTDM, TDM and noTDM}

A UE that supports FG 40-7-1 must support at least one of FGs 40-7-1a/b/c/d

	40-7-1a
	Codebook-based 8Tx PUSCH—codebook1
	1. Support of codebook-based 8Tx PUSCH—codebook1
2. Support of (N1, N2) for codebook-based 8Tx PUSCH—codebook1
3. SRS 8TX ports for codebook 1
	40-7-1
	Yes
	n/a
	2. Component candidate values: {(4,1), (2,2), both}
Component 3 candidate values: {noTDM, TDM and noTDM}

	40-7-1b
	Codebook-based 8Tx PUSCH—codebook2
	1. Support of codebook-based 8Tx PUSCH—codebook2
2. SRS 8TX ports for codebook 2
	40-7-1
	Yes
	n/a
	Component 2 candidate values: {noTDM, TDM and noTDM}

	40-7-1c
	Codebook-based 8Tx PUSCH—codebook3
	1. Support of codebook-based 8Tx PUSCH—codebook3
2. SRS 8TX ports for codebook 3
	40-7-1
	Yes
	n/a
	Component 2 candidate values: {noTDM, TDM and noTDM}

	40-7-1d
	Codebook-based 8Tx PUSCH—codebook4
	1. Support of codebook-based 8Tx PUSCH—codebook4
2. SRS 8TX ports for codebook 4
	40-7-1
	Yes
	n/a
	Component 2 candidate values: {noTDM, TDM and noTDM}





3 Discussion on FGs for expanded and improved NR positioning
At the RAN1#116bis meeting, UE features for expanded and improved NR positioning were discussed, and there is one remaining yellow highlighted part in the latest version of the UE features list [1] as below.
	41-1-3
	Receiving SL-PRS in a dedicated resource pool
	1. Support SL-PRS  in dedicated resource pool
2. Support receiving SCI format 1B
3. UE can receive X PSCCH in a slot
4. Supported CP type for 60 kHz SCS
	41-1-1
	Yes
	No
	Receiving SL-PRS in a dedicated resource pool is not supported
	Per band
	n/a
	n/a
	n/a
	Need for location server/ UE to know if the feature is supported

Component 3 candidate values: {[floor (NRB /10 RBs), 2*floor (NRB /10 RBs)]}

Component 4 candidate values:
· CP length: {NCP,NCP and ECP}

	Optional with capability signaling






For FG41-1-3, RAN1 agreed to add component 3 and 4 at the last meeting. Component 3 is a same component as FG 15-1, which provides a capability of receiving legacy NR sidelink. We think in sidelink positioning, same candidate value for same component should be reused as much as possible, in terms of the compatibility. Therefore, the candidate value for component 3 should be the same value as FG 15-1, {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}.
Proposal 4: For FG41-1-3, support to remove the bracket as [floor (NRB /10 RBs), 2*floor (NRB /10 RBs)]

4 Discussion on FGs for NES
At the RAN1#116bis meeting, UE features for NES were discussed, and remaining issues are prerequisite FGs of spatial domain adaptation and power domain adaptation, i.e., relationship among those FGs as below.
	42-1
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for periodic CSI reporting
	1. Support of CSI feedback based on CSI report sub-configuration(s), each containing one port subset configuration/list of CSI-RS resource IDs for periodic CSI reporting
2. The max number of sub-configurations Lmax in one CSI report configuration
4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
8. Support of single-panel type 1 codebook
9. Supported total number of periodic CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP
	FFS

	42-1a
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting on PUSCH
	1. Support of CSI feedback based on CSI report sub-configuration(s), each containing one port subset configuration/list of CSI-RS resource IDs for semi-persistent CSI reporting on PUSCH
2. The max number of sub-configurations Lmax in one CSI report configuration
3. Report of N CSI sub-report(s) included in one SP-CSI report where each CSI sub-report corresponds to one sub-configuration.
4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
8. Support of single-panel type 1 codebook
9. Supported total number of semi-persistent CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP

	FFS

	42-1c
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting on PUCCH
	1. Support of CSI feedback based on CSI report sub-configuration(s), each containing one port subset configuration/list of CSI-RS resource IDs for semi-persistent CSI reporting on PUCCH
2. The max number of sub-configurations Lmax in one CSI report configuration
3. Report of N CSI sub-report(s) included in one SP-CSI report where each CSI sub-report corresponds to one sub-configuration.
4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
8. Support of single-panel type 1 codebook
9. Supported total number of semi-persistent CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP
	FFS

	42-1b
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for aperiodic CSI reporting
	1. Support of CSI feedback based on CSI report sub-configuration(s), each containing one port subset configuration/list of CSI-RS resource IDs for aperiodic CSI reporting
2. The max number of sub-configurations Lmax in one CSI report configuration
3. Report of N CSI sub-report(s) included in one CSI report where each CSI sub-report corresponds to one sub-configuration
4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
8. Support of single-panel type 1 codebook
9. Supported total number of aperiodic CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP

	FFS

	42-2
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for periodic CSI reporting
	1. Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for aperiodic CSI reporting
2. The max number of sub-configurations Lmax in one CSI report configuration
4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
8. Support of single-panel type 1 codebook
9. Supported total number of periodic CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP

	FFS

	42-2a
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting on PUSCH
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting
1. The max number of sub-configurations Lmax in one CSI report configuration on PUSCH
2. Report of N CSI sub-report(s) included in one SP-CSI report where each CSI sub-report corresponds to one sub-configuration.
3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Support of single-panel type 1 codebook
8. Supported total number of semi-persistent CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP
	FFS

	42-2c
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting on PUCCH
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting on PUCCH
1. The max number of sub-configurations Lmax in one CSI report configuration
2. Report of N CSI sub-report(s) included in one SP-CSI report where each CSI sub-report corresponds to one sub-configuration.
3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Support of single-panel type 1 codebook
8. Supported total number of semi-persistent CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP
	FFS

	42-2b
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for aperiodic CSI reporting
	1. Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for aperiodic CSI reporting
2. The max number of sub-configurations Lmax in one CSI report configuration
3. Report of N CSI sub-report(s) included in one CSI report where each CSI sub-report corresponds to one sub-configuration
4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
8. Support of single-panel type 1 codebook
9. Supported total number of aperiodic CSI reporting settings without sub-configurations plus the total number of sub-configurations across CSI report settings with sub-configurations per BWP
	FFS

	42-8
	simultaneousCSI-SubReportsPerCC-r18
	Indicates the number of CSI report(s) for which the UE can measure and process reference signals simultaneously in a CC of the band for which this capability is provided. The CSI report comprises periodic, semi-persistent and aperiodic CSI and any latency classes and codebook types. The CSI report in simultaneousCSI-SubReportsPerCC-r18 includes the beam report, and CSI report without sub-configurations plus CSI sub-report across CSI reports
	FFS

	42-9
	simultaneousCSI-SubReportsAllCC-r18
	Indicates whether the UE supports CSI report framework and the number of CSI report(s) which the UE can simultaneously process across all CCs, and across MCG and SCG in case of NR-DC. The CSI report comprises periodic, semi-persistent and aperiodic CSI and any latency classes and codebook types. The CSI report in simultaneousCSI-SubReportsAllCC-r18 includes the beam report, and CSI report without sub-configurations plus CSI sub-report across CSI reports. This parameter may further limit simultaneousCSI-SubReportsPerCC-r18 in MIMO-ParametersPerBand and Phy-ParametersFRX-Diff for each band in a given band combination
	FFS



In Rel-15, basic CSI feedback capability FG2-32 covers periodic/aperiodic CSI reporting, while FG2-32a/b for semi-persistent CSI reporting are optional capabilities. Therefore, for FG42-1 family, we prefer to have FG42-1 or FG42-1b as prerequisite FG for FG42-1a/1c, while FG42-1 and FG42-1b would not require any prerequisite FG as basic CSI reporting capability FG2-32 is anyway mandatory. Same proposal is applied to FG42-2 family.
Regarding FG42-8/9, these FGs intend to report larger value on maximum number of CSI reports for which the UE can measure and process simultaneously in a CC or across all CCs than those reported in 2-35. Based on the intention, prerequisite FG of FG42-8/9 should be 2-35, and the value reported in FG42-8/9 is applicable if the UE is configured with CSI report setting with sub-configuration. In addition, UE supporting at least one of FG42-1/1a/1b/1c/2/2a/2b/2c shall report FG42-8/9.
Proposal 5: FFSs on prerequisite FG column for FG42-1 family and FG42-2 family are updated as below.
· FG42-1: None (i.e., no prerequisite FG)
· FG42-1a: One of {42-1, 42-1b}
· FG42-1c: One of {42-1, 42-1b}
· FG42-1b: None (i.e., no prerequisite FG)
· FG42-2: None (i.e., no prerequisite FG)
· FG42-2a: One of {42-2, 42-2b}
· FG42-2c: One of {42-2, 42-2b}
· FG42-2b: None (i.e., no prerequisite FG)

Proposal 6: FG42-8 and 42-9 are updated as below.
· Prerequisite FG of FG42-8/9 is 2-35.
· Following notes are added in FG42-8/9.
· “UE supporting at least one of FG 42-1/1a/1b/1c/2/2a/2b/2c must report this FG.”


5 Discussion on FGs for mobility enhancement
[bookmark: _Hlk165297075]At the RAN1#116bis meeting, UE features for mobility enhancement were discussed, and there is no remaining FFS in the latest version of the UE features list. On the other hand, there were following remaining proposals in the FL summary at the RAN1#116bis [2].

	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
3. Maximum number of candidate cells in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
4. Maximum number of beams per candidate cell in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
5. Maximum total number of beams per in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
56. Maximum number of periodic LTM CSI report configs per BWP
7. Maximum number of aperiodic LTM CSI report configs per BWP
8. Maximum number of semi-persistent LTM CSI report configs per BWP
	2-21 or 2-22 or 2-23 or 2-23a
	Yes
	No
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	No
	No
	n/a
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
Component 43 candidate values: L: {1, 2,3,4}
Component 4 candidate values: M: {1, 2,3,4}
Component 5 candidate values: 
{1,2,3,4, 6, 8, 9, 12, 16}
[bookmark: _Hlk165566169]M  L: {1,2,3,4, 6, 8, 9, 12, 16}
Component 56 candidate values: Aperiodic: {0,1,2,3,4}

Component 4 candidate values Periodic: {0,1,2,3,4}

Component 4 candidate values Semi-persistent: {0,1,2,3,4}
	Optional with capability signalling



For FG45-1, in the last meeting, splitting of component 4 and 5 was proposed to make it clearer. On component 4, how bits are assigned for each combination of M, L, and M ´ L is not clear because some combinations are not used. Thus, splitting of component 4 would be reasonable. Also, on component 5, splitting for P/SP/AP LTM CSI report would be reasonable to make it clear as in legacy beam reporting configuration. Thus, we propose

Proposal 7: For FG45-1, support to split original component 4 to new component 3, 4, 5, and to split original component 5 to new component 6, 7, 8, respectively, as table above.


6 Discussion on FGs for NR-NTN
At the RAN1#116bis meeting, UE features for NR-NTN were discussed, and remaining issues are following yellow highlighted parts in Note column of FG44-1/3 [1].
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	A UE that includes LCID codepoint = one of {2, 3, 4, 5, 6, 7} for UL CCCH when the LX field is set to 1 must support FG 44-1

[Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]

	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5

Need for location server to know if the feature is supported



For 44-1, this PUCCH repetition can be applied to TN and FR2-NTN as well as FR1-NTN. There is no motivation to preclude it from them. This feature can work in TN/FR2-NTN without any additional mechanism.
For 44-3, capability signaling should be available for FR2-NTN bands. The motivation of this feature is common b/w FR1-NTN and FR2-NTN. There is no motivation to preclude FR2-NTN.

Proposal 8: Update FG 44-1 as follows.
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	A UE that includes LCID codepoint = one of {2, 3, 4, 5, 6, 7} for UL CCCH when the LX field is set to 1 must support FG 44-1

[Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]



Proposal 9: Update FG 44-3 as follows.
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and 5.2.3-1[TBD for FR2-NTN bands] in TS 38.101-5

Need for location server to know if the feature is supported




7 Discussion on FGs for BWP without restriction
RAN4 sent Reply LS to RAN2/1 in [5], and the LS is to inform following conclusion made by RAN4.
	[bookmark: _Hlk156986800]Regarding dual connectivity for UE supporting ncd-SSB-BWP-Wor-r18, the following scenario is supported from RAN4 requirement perspective
· For UE supporting option C and configured with EN-DC or NR-DC, NCD-SSB based L1 and L3 intra-frequency measurement requirements are also applicable for the PSCell.



In RAN1 UE features list, the corresponding FG is defined as below. 
	53-3
	Support RLM/BM/BFD measurements based on NCD-SSB within active BWP
	1. UE performs RLM/BM/BFD and gapless L3 intra-frequency measurements based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for Scell

3. NCD-SSB within the active DL BWP can be used as the QCL source for other reference signal.

4. UE performs L3 intra-frequency measurements without gaps based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
	
	Yes
	n/a
	UE cannot support RLM/BM/BFD and gapless L3 intra-frequency measurements based on NCD-SSB within active BWP
	Per band
	No

	No
	n/a
	Note: This FG applies only to PCell

This FG is not applicable to RedCap or eRedCap UEs.
	Optional with capability signalling



In component 2, “PCell/PSCell” is described, while in note, it is described that “this FG applies only to PCell”.
The current description of the note intends to reflect following RAN4 agreement, rather than precluding PSCell.
	· The following scenario is supported from RAN4 requirement perspective:
· For UE supporting option C and configured with CA, NCD-SSB based L1 and L3 intra-frequency measurement requirements are only applicable for the PCell.



Therefore, the note should be updated to be consistent with component 2 and RAN4 conclusion.
Proposal 10: Update FG 53-3 as follows.
	44-3
	Support RLM/BM/BFD measurements based on NCD-SSB within active BWP
	1. UE performs RLM/BM/BFD and gapless L3 intra-frequency measurements based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for Scell

3. NCD-SSB within the active DL BWP can be used as the QCL source for other reference signal.

4. UE performs L3 intra-frequency measurements without gaps based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
	Note: This FG applies only to PCell/PSCell (if configured)

This FG is not applicable to RedCap or eRedCap UEs.





8 Conclusion
In this contribution, we presented our views on UE features for NR MIMO, expanded and improved NR positioning, NES, mobility enhancement, NR-NTN and BWP without restriction. Based on the discussion, following proposals were made.
NR MIMO
Proposal 1: Regarding Topic 3 asked by RAN2 LS [3], inform RAN2 of the following:
· For FG 40-1-1/2/2a/7/9, “across all CCs” in components mean “across all CCs in the band”
· For FG 40-2-8, “across all CCs” in components mean “across all CCs in the band combination”
· For FG 40-3-1-1/1a/5/5a/7/8, FG 40-3-2-1/1a/2/5/6, FG 40-3-3-1/5, mTRP-CSI-EnhancementPerBand-r17, and mTRP-CSI-EnhancementPerBC-r17, “across all CCs” in components mean:
· “across all CCs in the band” for per-band signaling.
· “across all CCs in the band combination” for per-BC signaling.

Proposal 2: Regarding Topic 3 asked by RAN2 LS [3], discuss the implication of “across all CCs” in the following FGs: 
· FG 40-6-6, mTRP-GroupBasedL1-RSRP-r17 and unifiedJointTCI-mTRP-InterCell-BM-r17: 
· Alt-1: Since they are per-band FG, it means “across all CCs in the band”
· Alt-2: Similar to FG 2-24, it means “across all CCs in all the bans in either FR1 or FR2”
· For FG 40-7-2a (note: both of the following can be simultaneously considered, similar to FG 2-15a): 
· Alt-1: It means “across all CCs in the band”.
· Alt-2: It means “across all CCs in the band combination”.
· For FG 55-6h, mTRP-PDCCH-Case2-1SpanGap-r17 and mTRP-PDCCH-legacyMonitoring-r17: 
· Alt-1: It means “across all CCs in the band”.
· Alt-2: It means “across all CCs in the band combination”. 

Proposal 3: For FG 40-7-1/1a/1b/1c/1d, adopt the following updates: 
· FG 40-7-1: Remove candidate values for component 3 (i.e., {noTDM, TDM and noTDM})
· FG 40-7-1a/1b/1c/1d: Introduce a new component for each, which indicates one of {noTDM, TDM and noTDM} for each codebook 
	40-7-1
	Basic features for Codebook-based 8Tx PUSCH
	1. Maximum number of PUSCH MIMO layers for codebook based PUSCH
2. Maximum number of 8 port SRS resources per SRS resource set with usage set to 'codebook’ for codebook-based 8Tx PUSCH
3. SRS 8 Tx ports—codebook
	
	Yes
	n/a
	Component 1 candidate values: {1,2 ,3,4 ,5,6,7,8}

Component 2 candidate values: {1,2}

Component 3 candidate values: {noTDM, TDM and noTDM}

A UE that supports FG 40-7-1 must support at least one of FGs 40-7-1a/b/c/d

	40-7-1a
	Codebook-based 8Tx PUSCH—codebook1
	1. Support of codebook-based 8Tx PUSCH—codebook1
2. Support of (N1, N2) for codebook-based 8Tx PUSCH—codebook1
3. SRS 8TX ports for codebook 1
	40-7-1
	Yes
	n/a
	2. Component candidate values: {(4,1), (2,2), both}
Component 3 candidate values: {noTDM, TDM and noTDM}

	40-7-1b
	Codebook-based 8Tx PUSCH—codebook2
	1. Support of codebook-based 8Tx PUSCH—codebook2
2. SRS 8TX ports for codebook 2
	40-7-1
	Yes
	n/a
	Component 2 candidate values: {noTDM, TDM and noTDM}

	40-7-1c
	Codebook-based 8Tx PUSCH—codebook3
	1. Support of codebook-based 8Tx PUSCH—codebook3
2. SRS 8TX ports for codebook 3
	40-7-1
	Yes
	n/a
	Component 2 candidate values: {noTDM, TDM and noTDM}

	40-7-1d
	Codebook-based 8Tx PUSCH—codebook4
	1. Support of codebook-based 8Tx PUSCH—codebook4
2. SRS 8TX ports for codebook 4
	40-7-1
	Yes
	n/a
	Component 2 candidate values: {noTDM, TDM and noTDM}



expanded and improved NR positioning
Proposal 4: For FG41-1-3, support to remove the bracket as [floor (NRB /10 RBs), 2*floor (NRB /10 RBs)]

NES
Proposal 5: FFSs on prerequisite FG column for FG42-1 family and FG42-2 family are updated as below.
· FG42-1: None (i.e., no prerequisite FG)
· FG42-1a: One of {42-1, 42-1b}
· FG42-1c: One of {42-1, 42-1b}
· FG42-1b: None (i.e., no prerequisite FG)
· FG42-2: None (i.e., no prerequisite FG)
· FG42-2a: One of {42-2, 42-2b}
· FG42-2c: One of {42-2, 42-2b}
· FG42-2b: None (i.e., no prerequisite FG)

Proposal 6: FG42-8 and 42-9 are updated as below.
· Prerequisite FG of FG42-8/9 is 2-35.
· Following notes are added in FG42-8/9.
· “UE supporting at least one of FG 42-1/1a/1b/1c/2/2a/2b/2c must report this FG.”

mobility enhancement
Proposal 7: For FG45-1, support to split original component 4 to new component 3, 4, 5, and to split original component 5 to new component 6, 7, 8, respectively, as table above.
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
3. Maximum number of candidate cells in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
4. Maximum number of beams per candidate cell in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
5. Maximum total number of beams per in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
56. Maximum number of periodic LTM CSI report configs per BWP
7. Maximum number of aperiodic LTM CSI report configs per BWP
8. Maximum number of semi-persistent LTM CSI report configs per BWP
	2-21 or 2-22 or 2-23 or 2-23a
	Yes
	No
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	No
	No
	n/a
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
Component 43 candidate values: L: {1, 2,3,4}
Component 4 candidate values: M: {1, 2,3,4}
Component 5 candidate values: 
{1,2,3,4, 6, 8, 9, 12, 16}
M  L: {1,2,3,4, 6, 8, 9, 12, 16}
Component 56 candidate values: Aperiodic: {0,1,2,3,4}

Component 4 candidate values Periodic: {0,1,2,3,4}

Component 4 candidate values Semi-persistent: {0,1,2,3,4}
	Optional with capability signalling



NR-NTN
Proposal 8: Update FG 44-1 as follows.
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	A UE that includes LCID codepoint = one of {2, 3, 4, 5, 6, 7} for UL CCCH when the LX field is set to 1 must support FG 44-1

[Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]


Proposal 9: Update FG 44-3 as follows.
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and 5.2.3-1[TBD for FR2-NTN bands] in TS 38.101-5

Need for location server to know if the feature is supported



BWP without restriction
Proposal 10: Update FG 53-3 as follows.
	44-3
	Support RLM/BM/BFD measurements based on NCD-SSB within active BWP
	1. UE performs RLM/BM/BFD and gapless L3 intra-frequency measurements based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for Scell

3. NCD-SSB within the active DL BWP can be used as the QCL source for other reference signal.

4. UE performs L3 intra-frequency measurements without gaps based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
	Note: This FG applies only to PCell/PSCell (if configured)

This FG is not applicable to RedCap or eRedCap UEs.
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