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1 Introduction
At the RAN1#116 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 and NR-NTN.


2 Discussion on FGs for NR MIMO
At the RAN1#116 meeting, UE features for NR MIMO were discussed, and one remaining issue is following yellow highlighted part in FG40-3-2-11.
	40-3-2-11
	Aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook
	1. Aperiodic CSI report timing relaxation, w, for doppler codebook based on Type-II codebook.

2. Aperiodic CSI report timing relaxation for doppler codebook based on Type-II codebook
	Component 1 candidate values: 
UE reports candidate value, w, independently for each SCS in unit of symbols 

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

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

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

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

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

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

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

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

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



For the yellow-highlighted part, if we strictly follow the text in the corresponding agreement, it should be Capability 1 and Capability 2, respectively. Meanwhile, as it is just a notation, we think just to use CAP1/CAP2 is also fine.  
Proposal 1: For FG 40-3-2-11, either of the following works without any issue
· Replace {CAP1, CAP2} with {Capability 1, Capability 2}, just to align the wording with the agreement, or; 
· Keep {CAP1, CAP}

In addition, according to RAN2 LS in [2], the granularity of “across all CCs” for some MIMO capabilities should be clarified.
	· Topic 3: UE capabilities with "across all CCs”
In R1-2312705, some features (i.e. FG 40-1-1/2/2a/7/9, FG 40-2-8, FG, 40-3-1-1/1a/3/5/5a/7/8, FG 40-3-2-1/1a/2/5/6, FG 40-3-3-1/5, FG 40-6-5, FG 40-7-2a, FG 42-1/1a/1b/2/2a/2b, FG 55-6h) indicating capability “across all CCs” have different granularity, i.e. either per band, per BC or per FS. 
RAN2 thinks the definition of “across all CCs” for a feature group with “per BC” granularity is clear, but further clarification of “across all CCs” is needed if the feature group’s granularity is per band or per FS.
Therefore, RAN2 would like to ask RAN1 to further clarify the granularity of “across all CCs” for the above listed feature groups if their granularity are per band/per FS in Rel-18 RAN1 NR UE features list. 
Additionally, RAN2 also would like to ask RAN1 to clarify the granularity of “across all CCs”  for the below Rel-17 capabilities for correction:
· mTRP-CSI-EnhancementPerBand-r17
· mTRP-CSI-EnhancementPerBC-r17
· mTRP-GroupBasedL1-RSRP-r17
· unifiedJointTCI-mTRP-InterCell-BM-r17
· mTRP-PDCCH-Case2-1SpanGap-r17
· mTRP-PDCCH-legacyMonitoring-r17



As indicated by RAN2 above, the definition of “across all CCs” for a per-BC capability is rather clear; we believe it just means “across all CCs in all bands in the band combination”. Also, given that there may be more than a CC even in a single band (e.g., intra-band CA), it is clear for a per-band capability as well – “across all CCs” indicated in a per-band capability means “across all CCs in the band”. Taking FG 40-1-1 component 2 (maximum number of activated joint TCI states across all CCs) as an example, if “32” is reported for a band, say Band#A, 32 shall always be the maximum number of activated joint TCI states across all CCs in Band#A. This should apply to any operation in which Band#A is involved (including inter-band CA, DC, etc). 
For per-FS (i.e., per band per band combination) capability, however, it may not be so clear as the above. 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. 
We strongly hope to see no ambiguity for interpretation of any UE capability information for the sake of work efficiency at our commercial side, and thus suggest discussing the issue at least for per-FG capability. For per-band and per-BC capability, we think the interpretation is rather clear, which should be informed to RAN2 considering that they asked our feedback on the LS.   
Proposal 2: Clarify the meaning of “across all CCs” for per-band capability and per-BC capability as follows in a LS reply to RAN2: 
· When it is described for a per-band capability, it means “across all CCs within the band”
· When it is described for a per-BC capability, it means “across all CCs in all bands within the band combination”

Proposal 3: For the meaning of “across all CCs” for per-FS (i.e. per band per band combination) capability, discuss which of the following interpretations is correct: 
· [bookmark: _Hlk163220344]Interpretation#1 (aligned with our understanding): “across all CCs” implies “across all CCs in a band in a band combination”. 
· Interpretation#2: “across all CCs” implies “across all CCs in a band combination”. 

The RAN2 LS also asked RAN1 to replace the term “legacy” in UE features list by more meaningful description, and there are some FGs having the term “legacy” as below.
	40-5-1b
	SRS comb offset hopping combined with legacy group/sequence hopping
	Support of SRS comb offset hopping combined with legacy group/sequence hopping
	40-5-1
	Yes
	n/a
	SRS comb offset hopping combined with legacy group/sequence hopping is not supported

	40-5-2b
	SRS cyclic shift hopping combined with legacy group/sequence hopping
	Support of SRS cyclic shift hopping combined with legacy group/sequence hopping
	40-5-2
	Yes
	n/a
	SRS cyclic shift hopping combined with legacy group/sequence hopping is not supported



If a clarification for the wording “legacy” is necessary, potential alternative wording can be “Rel-15” and/or “supported in NR SRS basic feature (FG 2-52)” since group/sequence hopping for SRS described here is Rel-15 features. Or even just to remove “legacy” could work without issues since there is only one SRS group/sequence hopping in NR. 
Proposal 4: For FG 40-5-1b and 40-5-2b, inform RAN2 that “legacy” means “supported in NR SRS basic feature, i.e., FG 2-52”
· The following revisions for the two FGs can be considered as well
	40-5-1b
	SRS comb offset hopping combined with legacy group/sequence hopping
	Support of SRS comb offset hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52)
	40-5-1
	Yes
	n/a
	SRS comb offset hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52) is not supported

	40-5-2b
	SRS cyclic shift hopping combined with legacy group/sequence hopping
	Support of SRS cyclic shift hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52)
	40-5-2
	Yes
	n/a
	SRS cyclic shift hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52) is not supported



There is another RAN4 LS reply [3] 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: to add component on support of TDM and/or nonTDM 8TX ports SRS for FGs of each codebook type.
· Option 2: to 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 5: For FG 40-7-1/1a/1b/1c/1d, support the following updates: 
	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#116 meeting, UE features for expanded and improved NR positioning were discussed, and there are some remaining yellow highlighted parts and working assumptions in the latest version of the UE features list [1].
	41-1-1
	Common SL PRS Processing Capability in a SL BWP
	1. Maximum SL PRS bandwidth in MHz in a resource pool for positioning, which is supported and reported by UE for SL-PRS measurement
2. Maximum number of active SL PRS resources across all configured RPs in a slot assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE
3. Maximum number of slots with active SL PRS resources across all configured RPs assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE
4. Minimum time after the end of a slot carrying the active SL-PRS resource(s) assuming maximum number of symbols and maximum bandwidth for a UE to finish the SL-PRS resource and the associated PSCCH processing which is supported and reported by UE
	
	WA: Per Band
	Component 1 candidate values:
FR1 bands: {5, 10, 20, 40, 50, 80, 100}
FR2 bands: {50, 100, 200, 400}

Component 2 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 128} for each SCS: 60kHz, 120kHz

Component 3 candidate values:
FR1: {1, 2, 3, 4, 6, 8}
FR2: {1, 2, 4, 8, 12, 16, 24, 32, 48, 64}

Component 4 candidate values: {20ms, 30ms, 40ms, 50ms, 80ms, 100ms, 160ms}

Note: a SL PRS resource is considered as active starting at the end of the last symbol of the PSCCH carrying the SCI trigger and the occupancy is released at the end of timeline indicated in component 4

Need for location server/ UE to know if the feature is supported

	41-1-2
	Receiving SL-PRS in a shared resource pool
	1. Support SL-PRS in shared resource pool
2. Support receiving SCI format 2D
	[15-1, 15-4, 41-1-1]
	Per band
	Need for location server/ UE to know if the feature is supported

[UE indicating support of FG 41-1-1 must indicate either this feature group or feature group 41-1-3 is supported or both are supported]

	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
	[15-1, 15-4 41-1-1]
	Per band
	Need for location server/ UE to know if the feature is supported

[UE support of FG 41-1-1 must indicate either this feature group or feature group 41-1-2 is supported or both are supported]

	41-1-4c
	Transmitting SL-PRS mode 2 in a dedicated resource pool
	1. UE can transmit SL-PRS and PSCCH within a slot without PSSCH in dedicated resource pool
2. UE can transmit SL-PRS according to the mapping rule between PSCCH and SL-PRS
3. Support transmitting SCI format 1B
	[15-[x], 41-1-3], at least one of {41-1-8, 41-1-10}
	Per band
	Need for location server/ UE to know if the feature is supported

	41-1-10
	Support of full sensing in a dedicated resource pool
	1. UE can transmit SL-PRS and associated PSCCH using full sensing
2. Support DL pathloss based open loop power control when configured by NR Uu
	FFS
	WA: Per band]
	Note: Configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 2 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1




For FG 41-1-1, RAN1 made the working assumption for reporting type. We support this working assumption, and FG 41-1-1 can be reported per band.
For FG 41-1-2/3, the candidate prerequisite FGs are FG 15-1, 15-4, 41-1-1. In our understanding, FG 15-1 and 15-4 are basic FGs for sidelink reception, and FG 41-1-1 is a basic FG for SL PRS. Thus, we think the bracket can be removed. Regarding the note, UEs supporting FG 41-1-1 should support receiving SL-PRS in a shared resource pool and/or in a dedicated resource pool. Thus, the bracket can be removed.
For FG 41-1-4c, we think the prerequisite of FG 41-1-4b can be referred. Some companies proposed to add FG 15-3 as the prerequisite of FG 41-1-4c at the last meeting. Since RAN1 agreed to remove FG 15-2 from the prerequisite of FG 41-1-4b, 15-[x] can be removed from the prerequisite of FG 41-1-4c.
For FG 41-1-10, regarding FFS, we think receiving SL-PRS is necessary for sensing. Thus, FG 41-1-3 can be added to prerequisite. In addition, working assumption for reporting type can be confirmed.

Proposal 6: For FG 41-1-1, confirm the working assumption.
Proposal 7: For FG 41-1-2/3, remove the brackets for prerequisites and note.
Proposal 8: For FG 41-1-4c, remove 15-[x] from the prerequisite.
Proposal 9: For FG 41-1-10, prerequisite can be FG 41-1-3, and confirm the working assumption.

In addition, the RAN2 LS in [2] asked RAN1 to replace the term “legacy” in UE features list by more meaningful description, and there are some FGs having the term “legacy” as below.
	41-2-8
	Support to perform legacy measurements inside the indicated time window only for DL TDoA
	Support to perform legacy measurements inside the indicated time window only
	13-3a
	No
	N/A
	The UE may use the indicated DL PRS resource set(s) occurring outside the indicated time window for legacy measurements in addition to the indicated DL PRS resource set(s) occurring inside the indicated time window

	41-2-9
	Support to perform legacy measurements inside the indicated time window only for multi-RTT
	Support to perform legacy measurements inside the indicated time window only
	13-4a
	No
	N/A
	The UE may use the indicated DL PRS resource set(s) occurring outside the indicated time window for legacy measurements in addition to the indicated DL PRS resource set(s) occurring inside the indicated time window

	41-2-10
	Support to perform legacy measurements inside the indicated time window only for DL AoD
	Support to perform legacy measurements inside the indicated time window only
	13-2a
	No
	N/A
	The UE may use the indicated DL PRS resource set(s) occurring outside the indicated time window for legacy measurements in addition to the indicated DL PRS resource set(s) occurring inside the indicated time window



 According to TS 37.355 which shows the association between positioning method and measurement metric, the legacy measurements can be considered as DL PRS-RSRP/DL RSTD of DL-TDOA, DL PRS-RSRP/UE Rx-Tx time difference of Multi-RTT method and DL PRS-RSRP/DL PRS-RSRPP of DL-AoD method. The measurement definitions are specified in TS 38.215. Hence, we propose the following changes.
Proposal 10: For FG 41-2-8, “legacy measurements” should be change as “DL PRS-RSRP and DL RSTD measurements”.
Proposal 11: For FG 41-2-9, “legacy measurements” should be change as “DL PRS-RSRP and UE Rx-Tx time difference measurements”.
Proposal 12: For FG 41-2-10, “legacy measurements” should be change as “DL PRS-RSRP and DL PRS-RSRPP measurements”.
4 Discussion on FGs for NES
At the RAN1#116 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 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 periodic 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 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 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 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 foraperiodic 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 periodic 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 aperiodic CSI report settings with sub-configurations per BWP
	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.
Proposal 13: 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)


5 Discussion on FGs for mobility enhancement
At the RAN1#116 meeting, UE features for mobility enhancement were discussed, and remaining issues are following yellow highlighted parts in FG45-5/5a.
	45-5
	RACH-based early TA acquisition
	1. Maximum number of candidate cells for TA acquisition based on PDCCH ordered CFRA procedure before receiving cell switch command MAC-CE
2. Power ramping for PRACH retransmission based on PDCCH order indication
3. Support of dropping the serving cell UL to handle the overlap between UL transmission on serving cell(s) and PRACH on candidate cell(s)
	FFS
	Yes
	No
	RACH-based early TA acquisition is not supported
	Per band

	45-5a
	RACH-based early TA acquisition with simultaneous transmission
	Support of simultaneous transmission to handle the overlap between UL transmission on serving cell(s) and PRACH on candidate cell(s)
	45-5
	Yes
	No
	Support of RACH-based early TA acquisition with simultaneous transmission is not supported
	[Per band]



FG 45-5: RACH-based early TA acquisition
For 45-5, there is one FFS point about perquisite FG. This feature should be supported regardless of whether L1 beam measurement reporting and/or TCI state activation/indication is supported or not. On the other hand, this feature does not work unless a TA can be indicated in cell switch command. Thus, prerequisite FG should be FG 45-7.
Proposal 14: prerequisite FG for FG 45-5 is FG 45-7.
FG 45-5a: RACH-based early TA acquisition with simultaneous transmission
UE-features per band combination leads to exponentially increase complexity. Thus, the FG is specified per band.
Proposal 15: FG45-5a is specified per band.
6 Discussion on FGs for NR-NTN
At the RAN1#116 meeting, UE features for NR-NTN were discussed, and remaining issues are following yellow highlighted parts in Note column of FG44-1/2/3.
	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]

	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenarios
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenarios
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
3. Maximum duration during which UE is able to maintain power consistency and phase continuity to support NTN DM-RS bundling for PUSCH over consecutive slots
	Component 3 candidate values: {4, 8, 16, 32}

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

Note: a UE that does not report support of this FG and reports support of FG 30-4 for an NTN band can perform DMRS bundling only in GSO scenario in the NTN band

NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders

Note: for bands in Table 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5, reported value in FG 30-4 is applied only for GSO scenario

	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. Meanwhile, only if the support in TN may lead to additional issue, in such a case, the note should be back here. 
For 44-2, although there will be no definition on DMRS bundling requirement for FR2-NTN in RAN4 spec, RAN1/2 spec can support FG for the band. Then when RAN4 defines requirement for FR2-NTN, the signaling can be used without any additional RAN1/2 discussion.
For 44-3, similarly, capability signaling should be available for FR2-NTN bands.
Besides, RAN1 agreed specifications for RACH-less HO and FR2-NTN bands. Discussion on corresponding UE capabilities is necessary.
For RACH-less HO, 38.306 already includes rachLessHandoverNTN-r18 to report capability of RACH-less HO in NTN. Meanwhile, for LTM in TN, there are two separate signaling for CG (ltm-RACH-LessCG-r18) and DG (ltm-RACH-LessDG-r18). Whether to support two separate signaling for NTN or not would be a discussion point, and our feeling is that two separate signaling can be supported in terms of common design.
For FR2-NTN bands, it seems that R17 FGs for FR2-NTN bands and thus no additional FG is necessary.
Proposal 16: 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 17: Update FG 44-2 as follows.
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenarios
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenarios
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
3. Maximum duration during which UE is able to maintain power consistency and phase continuity to support NTN DM-RS bundling for PUSCH over consecutive slots
	Component 3 candidate values: {4, 8, 16, 32}

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 and HAPS operation bands in Clause 5.2 of TS 38.104

Note: a UE that does not report support of this FG and reports support of FG 30-4 for an NTN band can perform DMRS bundling only in GSO scenario in the NTN band

NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders

Note: for bands in Table 5.2.2-1 and 5.2.3-1[TBD for FR2-NTN bands] in TS 38.101-5, reported value in FG 30-4 is applied only for GSO scenario


Proposal 18: 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


Proposal 19: Send an LS to ask RAN2 to support two separate FGs for RACH-less HO with CG PUSCH and RACH-less HO with DG PUSCH.
Proposal 20: Not introduce new FGs for FR2-2.

7 Conclusion
In this contribution, we presented our views on UE features for NR MIMO, expanded and improved NR positioning, NES, mobility enhancement and NR-NTN. Based on the discussion, following proposals were made.
NR MIMO
Proposal 1: For FG 40-3-2-11, either of the following works without any issue
· Replace {CAP1, CAP2} with {Capability 1, Capability 2}, just to align the wording with the agreement, or; 
· Keep {CAP1, CAP}
Proposal 2: Clarify the meaning of “across all CCs” for per-band capability and per-BC capability as follows in a LS reply to RAN2: 
· When it is described for a per-band capability, it means “across all CCs within the band”
· When it is described for a per-BC capability, it means “across all CCs in all bands within the band combination”
Proposal 3: For the meaning of “across all CCs” for per-FS (i.e. per band per band combination) capability, discuss which of the following interpretations is correct: 
· Interpretation#1 (aligned with our understanding): “across all CCs” implies “across all CCs in a band in a band combination”. 
· Interpretation#2: “across all CCs” implies “across all CCs in a band combination”. 
Proposal 4: For FG 40-5-1b and 40-5-2b, inform RAN2 that “legacy” means “supported in NR SRS basic feature, i.e., FG 2-52”
· The following revisions for the two FGs can be considered as well
	40-5-1b
	SRS comb offset hopping combined with legacy group/sequence hopping
	Support of SRS comb offset hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52)
	40-5-1
	Yes
	n/a
	SRS comb offset hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52) is not supported

	40-5-2b
	SRS cyclic shift hopping combined with legacy group/sequence hopping
	Support of SRS cyclic shift hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52)
	40-5-2
	Yes
	n/a
	SRS cyclic shift hopping combined with legacy group/sequence hopping supported in NR SRS basic feature (FG 2-52) is not supported



Proposal 5: For FG 40-7-1/1a/1b/1c/1d, support the following updates: 
	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 6: For FG 41-1-1, confirm the working assumption.
Proposal 7: For FG 41-1-2/3, remove the brackets for prerequisites and note.
Proposal 8: For FG 41-1-4c, remove 15-[x] from the prerequisite.
Proposal 9: For FG 41-1-10, prerequisite can be FG 41-1-3, and confirm the working assumption.
Proposal 10: For FG 41-2-8, “legacy measurements” should be change as “DL PRS-RSRP and DL RSTD measurements”.
Proposal 11: For FG 41-2-9, “legacy measurements” should be change as “DL PRS-RSRP and UE Rx-Tx time difference measurements”.
Proposal 12: For FG 41-2-10, “legacy measurements” should be change as “DL PRS-RSRP and DL PRS-RSRPP measurements”.

NES
Proposal 13: 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)

mobility enhancement
Proposal 14: prerequisite FG for FG 45-5 is FG 45-7.
Proposal 15: FG45-5a is specified per band.

NR-NTN
Proposal 16: 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 17: Update FG 44-2 as follows.
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenarios
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenarios
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
3. Maximum duration during which UE is able to maintain power consistency and phase continuity to support NTN DM-RS bundling for PUSCH over consecutive slots
	Component 3 candidate values: {4, 8, 16, 32}

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 and HAPS operation bands in Clause 5.2 of TS 38.104

Note: a UE that does not report support of this FG and reports support of FG 30-4 for an NTN band can perform DMRS bundling only in GSO scenario in the NTN band

NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders

Note: for bands in Table 5.2.2-1 and 5.2.3-1[TBD for FR2-NTN bands] in TS 38.101-5, reported value in FG 30-4 is applied only for GSO scenario


Proposal 18: 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


Proposal 19: Send an LS to ask RAN2 to support two separate FGs for RACH-less HO with CG PUSCH and RACH-less HO with DG PUSCH.
Proposal 20: Not introduce new FGs for FR2-2.
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