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1. Introduction
At the RAN1#115 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 Mobility, NES, BWP without restriction, and NR-NTN.

2. Mobility
UE-features per band combination leads to exponentially increase complexity. Thus, FGs for mobility enhancements are specified per band.
Proposal 1: All FGs for mobility enhancements are specified per band.

FG 45-3a: MAC-CE activated joint LTM TCI states
For 45-3a, there is one FFS point. It is about what component limits the maximum number of MAC CE activated joint TCI states across all serving cells. Considering there are multiple candidate cells, and they could be on different CCs, it can be limited by component 5 in FG 23-1-1 which defines the total number.
Proposal 2:  The maximum number of MAC-CE activated joint TCI states across all serving cells is limited by component 5 in FG 23-1-1.

FG 45-4a: MAC-CE activated DL/UL LTM TCI states
For 45-4a, there is one FFS point. It is about what component limits the maximum number of MAC CE activated DL/UL TCI states across all serving cells. Similar as FG45-3a, for FG45-4a, it should be limited by the total number defined in component 7, 8 in FG 23-10-1.
Proposal 3: The maximum number of MAC-CE activated DL/UL TCI states across all serving cells is limited by component 7, 8 in FG 23-10-1.

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 FG45-7
Proposal 4: prerequisite FG for FG 45-5 is FG45-7.

FG 45-5a: RACH-based early TA acquisition with simultaneous transmission
For 45-5a, there is one FFS point about perquisite FG. RACH-based early TA acquisition with simultaneous transmission happens only when RACH-based early TA acquisition is supported. Thus, prerequisite FG should be FG 45-5.
Proposal 5: prerequisite FG for FG 45-5a is FG 45-5.
3. NW energy saving
42-1: Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for periodic CSI reporting
For FG42-1, there are two remaining FFS points, one is about prerequisite FG(s) and another is about potential different values for joint SD/PD operation.
Regarding prerequisite FG(s) for FG42-1, the discussion point would be about the relationship among FG42-1/1a/1b, i.e., whether/which one of FGs is prerequisite for other FG(s). Although we originally prefer to have single FG for spatial domain adaptation with allowing UE to report different values for periodic/semi-persistent/aperiodic CSI reporting so that NW can configure any CSI reporting type for the UE supporting spatial domain adaptation, it was agreed to have separate FGs for periodic/semi-persistent/aperiodic CSI reporting. 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, we prefer to have FG42-1 or FG42-1b as prerequisite FG for FG42-1a, while FG42-1 and FG42-1b would not require any prerequisite FG (basic CSI reporting capability FG2-32 is anyway mandatory).
Proposal 6: FG42-1 does not require any prerequisite FG.

Regarding the potential different values for joint SD/PD operation, we think it is simpler to define separate FGs for joint SD/PD operation so that UE can report same or different values for joint SD/PD operation from the values for SD operation and for PD operation.
Proposal 7: FG42-3/3a/3b are defined for joint SD/PD operation.
· The note “FFS: different values for joint operation” can be removed from FG42-1/1b/2/2b.

42-1a: Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting
For FG42-1a, there are three remaining FFS points, one is about prerequisite FG(s) and other two points are about candidate values for component 2/3.
Our views on the prerequisite FG(s) for FG42-1a were already provided above, and accordingly we propose to have FG42-1 or FG42-1b as prerequisite FG for FG42-1a.
Regarding candidate values for component 2 (The max number of sub-configurations Lmax in one CSI report configuration for semi-persistent CSI reporting), candidate values for periodic CSI reporting (component 2 of FG42-1) and for aperiodic CSI reporting (component 2 of FG42-1b) can be referred. {2, 3, 4} are candidate values for periodic CSI reporting and {2,3,4,5,6,7,8} are candidate values for aperiodic CSI reporting. For periodic CSI reporting, since the value of Lmax equals to max number of CSIs N in one periodic CSI report, and hence candidate values are limited to lower values compared with aperiodic CSI reporting case. As candidate values for max number of CSIs N in one SP-CSI report can be reported in component 3, candidate values for component 2 of FG42-1a can be same as those for FG42-1b.
Regarding candidate values for component 3 (Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration), it was agreed at RAN1#114bis that the maximum value of N is no larger than 4 for SP-CSI reporting on PUCCH. So, candidate values {1,2,3,4} for SP/A-CSI report can be considered.
Proposal 8: 
· FG42-1a has one of {42-1, 42-1b} as prerequisite FG.
· Candidate values for component 2 of FG42-1a are {2,3,4,5,6,7,8}.
· Candidate values for component 3 of FG42-1a are {1,2,3,4}.

42-1b: Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for aperiodic CSI reporting
For FG42-1b, there are three remaining FFS points, first one is about prerequisite FG(s), second one is about potential different values for joint SD/PD operation and third one is about candidate values for component 3.
As our views on those three points are already provided for FG42-1/1a, following proposals for FG42-1b can be made.
Proposal 9: 
· FG42-1b does not require any prerequisite FG.
· Candidate values for component 3 of FG42-1b are {1,2,3,4}.

42-2: Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for periodic CSI reporting
For FG42-2, there are two remaining FFS points same as those for FG42-1. Our views on 42-1 are applicable to 42-2, and hence following proposal for FG42-2 can be made.
Proposal 10: FG42-2 does not require any prerequisite FG.

42-2a: Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting
For FG42-2a, there are three remaining FFS points same as those for FG42-1a. Our views on 42-1a are applicable to 42-2a, and hence proposal for FG42-2a can be made. In addition, component index for FG42-2a is not aligned with those for FG42-2/2b, as it may be just editorial error, it should be fixed so that same component index is used for same content across 42-2/2a/2b.
Proposal 11: 
· FG42-2a has one of {42-2, 42-2b} as prerequisite FG.
· For FG42-2a, component index 1 is applied to “Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting”, and other component indices are incremented by 1.
· Candidate values for component 2 of FG42-2a are {2,3,4,5,6,7,8}.
· Candidate values for component 3 of FG42-2a are {1,2,3,4}.

42-2b: Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for aperiodic CSI reporting
For FG42-2b, there are three remaining FFS points same as those for FG42-1b. Our views on 42-1b are applicable to 42-2b, and hence following proposal for FG42-2b can be made.
Proposal 12: 
· FG42-2b does not require any prerequisite FG.
· Candidate values for component 3 of FG42-2b are {1,2,3,4}.
4. BWP without restriction
At RAN#102 meeting, the removal of option B-1-2 was discussed and agreed, and hence following is captured in the meeting report [2].
	RP-233999	Revised WID: Complete the specification support for BandWidth Part 	Vodafone, vivo
	operation without restriction in NR
Replaces 
RP-233227
	RAN4 chair: option B-1-2 will be removed from feature list (in RAN1)
	The document was approved.


Therefore, FG53-2 needs to be removed from the RAN1 UE features list.
Proposal 13: FG53-2 for option B-1-2 is removed from the RAN1 UE features list according to the RAN#102 outcome.

In the note for FG53-1, following has been captured to clarify the relationship between FG53-1 and FG53-2.
	Note: UE shall not indicate support of both B-1-1 and B-1-2 for the same band in the same reported band combination


Since FG53-2 for option B-1-2 is removed, this note is no longer necessary and should be removed as well.
Proposal 14: Following note for FG53-1 is removed.
· Note: UE shall not indicate support of both B-1-1 and B-1-2 for the same band in the same reported band combination

For FG53-4, although the latest UE features list has no yellow highlight part, one of the proposals discussed at the last meeting was not agreed.
The proposal was to add a new component 3 for clarifying whether CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal. FG53-1 and FG53-3 have the corresponding components, but FG53-4 does not have it in the current version.
	Index
	Feature group
	Components

	53-1
	Support RLM/BM/BFD and gapless L3 intra-frequency measurements based on CD-SSB outside active BWP without interruptions
	1. UE performs RLM/BM/BFD measurements based on CD-SSB without interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the corresponding carrier(s) to be measured.

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. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.

4. UE performs L3 intra-frequency measurements without gaps based on CD-SSB, where the CD-SSB is outside the active DL BWP but is within the bandwidth of the corresponding carrier(s) to be measured.

	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.

	53-4
	Support RLM/BM/BFD measurements based on CSI-RS when CD-SSB is outside active BWP
	1. UE performs RLM/BM/BFD measurements based on CSI-RS, when CD-SSB is outside 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



At the RAN1#115 meeting, the proposal was supported by multiple companies, while there was one proposal to change the text for component 3 as below [3].
	Company
	Comments/Questions/Suggestions

	NTT DOCOMO
	We are fine with the updates

	Vodafone
	We support the proposal

	Qualcomm
	We think the text should be changed.
For Option A, the UE is just required to monitor CSI-RS within the acive DL BWP. The necessary clarification here would be that the CSI-RS within active DL BWP to enable Option A has to be QCLed with the CD-SSB. This does not mean the UE is required to monitor or use CD-SSB outside the active DL BWP as a QCL source for CSI-RS for Option A. Therefore, we think the correct descrition would be something as follows: “CSI-RS within active DL BWP for RLM/BM/BFD measurements can be QCLed with CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s)”. 



We think the proposed text above is fine and should be captured in the UE features list.
Proposal 15: The new component 3 below is added for FG53-4.
· 3. CSI-RS within active DL BWP for RLM/BM/BFD measurements can be QCLed with CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s).

5. NR NTN
FG 44-1
	44. NR_NTN_enh
	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
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] 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]
	Optional without capability signaling


For the note, this PUCCH repetition can be applied to TN as well as NTN. There is no motivation to preclude it from TN spec. Meanwhile, only if the support in TN may lead to additional issue, in such a case, the note should be back here.
Proposal 16: Update FG 44-1 as follows. It is noted that further WG discussion to support signaling for TN is not assumed.
	44. NR_NTN_enh
	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
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] LCID codepoint = one of {2, 3, 4, 5, 6, 7} for UL CCCH when the LX field is set to 1 in [RRC Setup Request] 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]
	Optional without capability signaling



FG 44-2
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	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
	Optional with capability signaling


The main issue for this FG is whether the existing FG (FG 30-4) is sufficient to report the max TDW size for NTN DMRS bundling or not. On this issue, RAN4 had discussion and sent an LS to RAN1 (R4-2321976/R1-2400027).
	RAN4 agrees to differentiate the capability of maxDurationDMRS-Bundling-r17 for GSO and NGSO scenarios. RAN4 agrees that UE may report different max Duration capability for DMRS bundling for NGSO (e.g. [maxDurationDMRS-Bundling-NTN-NGSO-r18]) and max Duration for DMRS bundling for GSO in the same NTN band:
· The capabilities are applicable to NTN FR1 bands
· The range of [maxDurationDMRS-Bundling-NTN-NGSO-r18] is same as the capability maxDurationDMRS-Bundling-r17


This means, R18 NTN DMRS bundling is a different feature from R17 TN DMRS bundling from RAN4 requirement perspective, the existing FG (FG 30-4) is not enough, and another FG/component for NGSO case is newly necessary. Thus, FG 44-2 should be defined for NGSO scenario and one more FG should be defined to report the max TDW size for NGSO scenario. 
Proposal 17: Update FG 44-2 and introduce FG 44-2a as follows.
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenario
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenario
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	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: 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.
	Optional with capability signaling

	44. NR_NTN_enh
	44-2a
	The maximum du-ration for NTN DM-RS bundling in NGSO scenario
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH in NGSO scenario, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
	44-2
	Yes
	No
	
	Per band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 12, 16, 24, 32}

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5

Note: for bands in Table 5.2.2-1 in TS 38.101-5, reported value in FG 30-4 is applied only for GSO scenario.
	Optional with capability signaling




6. Conclusion 
In this contribution, we made following proposals.
Mobility
Proposal 1: All FGs for mobility enhancements are specified per band.
Proposal 2: The maximum number of MAC-CE activated joint TCI states across all serving cells is limited by component 5 in FG 23-1-1.
Proposal 3: The maximum number of MAC-CE activated DL/UL TCI states across all serving cells is limited by component 7, 8 in FG 23-10-1.
Proposal 4: prerequisite FG for FG 45-5 is FG45-7.
Proposal 5: prerequisite FG for FG 45-5a is FG 45-5.

NW energy saving
Proposal 6: FG42-1 does not require any prerequisite FG.
Proposal 7: FG42-3/3a/3b are defined for joint SD/PD operation.
· The note “FFS: different values for joint operation” can be removed from FG42-1/1b/2/2b.
Proposal 8: 
· FG42-1a has one of {42-1, 42-1b} as prerequisite FG.
· Candidate values for component 2 of FG42-1a are {2,3,4,5,6,7,8}.
· Candidate values for component 3 of FG42-1a are {1,2,3,4}.
Proposal 9: 
· FG42-1b does not require any prerequisite FG.
· Candidate values for component 3 of FG42-1b are {1,2,3,4}.
Proposal 10: FG42-2 does not require any prerequisite FG.
Proposal 11: 
· FG42-2a has one of {42-2, 42-2b} as prerequisite FG.
· For FG42-2a, component index 1 is applied to “Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting”, and other component indices are incremented by 1.
· Candidate values for component 2 of FG42-2a are {2,3,4,5,6,7,8}.
· Candidate values for component 3 of FG42-2a are {1,2,3,4}.
Proposal 12: 
· FG42-2b does not require any prerequisite FG.
· Candidate values for component 3 of FG42-2b are {1,2,3,4}.

BWP without restriction
Proposal 13: FG53-2 for option B-1-2 is removed from the RAN1 UE features list according to the RAN#102 outcome.
Proposal 14: Following note for FG53-1 is removed.
· “Note: UE shall not indicate support of both B-1-1 and B-1-2 for the same band in the same reported band combination.”
Proposal 15: The new component 3 below is added for FG53-4.
· “3. CSI-RS within active DL BWP for RLM/BM/BFD measurements can be QCLed with CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s).”

NR NTN
Proposal 16: Update FG 44-1 as follows. It is noted that further WG discussion to support signaling for TN is not assumed.
	44. NR_NTN_enh
	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
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] LCID codepoint = one of {2, 3, 4, 5, 6, 7} for UL CCCH when the LX field is set to 1 in [RRC Setup Request] 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]
	Optional without capability signaling


Proposal 17: Update FG 44-2 and introduce FG 44-2a as follows.
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenario
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenario
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	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: 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.
	Optional with capability signaling

	44. NR_NTN_enh
	44-2a
	The maximum du-ration for NTN DM-RS bundling in NGSO scenario
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH in NGSO scenario, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
	44-2
	Yes
	No
	
	Per band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 12, 16, 24, 32}

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5

Note: for bands in Table 5.2.2-1 in TS 38.101-5, reported value in FG 30-4 is applied only for GSO scenario.
	Optional with capability signaling
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