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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss following UE features of NR NTN enhancements as summarized in [1] based on the agreed UE feature list summarized in [2]:
· UE features of coverage enhancements in NTN,
· UE features of UE location verification in NTN.
2. Discussions
2.1	UE features of coverage enhancements in NTN
In RAN1 #114, as is shown in Table 1, 2 UE features have been agreed. However, some of the descriptions are still in brackets and need to be concluded in this meeting.
PUCCH repetition for Msg4 HARQ-ACK
Regarding the scope of PUCCH assumed in feature 44-1, RAN#101 has endorsed following proposal to allow the extension of the PUCCH repetition. Therefore, the bracket in component 5 can be removed.
	Proposal endorsed in RAN#101:
· PUCCH repetition discussed in Rel-18 NR NTN coverage enhancement is supported for the PUCCH transmissions when dedicated PUCCH resource configuration is not provided
· No additional RAN1 work to support this behavior is assumed
· It is confirmed that DAI field for dynamic indication of repetition factor can indicate '1' when multiple values configured by the gNB for repetition factors include '1'
· FG 44-1 is used to indicate the support of this feature


Regarding whether 44-1 should be only applied to NTN bands, there seems no need to restrict this feature to NTN in our view, and allowing this feature to be applicable to TN would improve common PUCCH performance as well. Therefore, we propose to remove the corresponding note. 
PUSCH DMRS bundling in NTN
For supporting DMRS bundling in NTN, following agreements have been made.
	Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size 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
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval
Agreement
For NTN-specific PUSCH DMRS bundling,
· As UE capability report,
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.
Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.


Regarding the maximum TDW size capability, since this feature is for NTN band and the TDW size supported in NTN would be very much different from that in TN due to large time/frequency error. Therefore, a separate FG is needed instead of reusing FG 30-4. In order to have FG numbering similar to DMRS bundling in TN, we propose to change FG 44-2 to FG 44-2a and use FG 44-2 for the feature group of maximum TDW size. Notes of FG 30-4 can be reused in principle except that only FDD needs to be considered and the candidate values can be FFS. Modulation order restrictions of FG 30-4 can be reused as well. In addition, band restriction should be included similar to the updated FG 44-2a, where the bracket of HAPS band can be removed as DMRS bundling can be supported as well.
As discussed in [3], a set of factors, e.g. common TA adjustment, UE specific TA adjustment, update of epoch time which will change the pre-compensation time, may cause power consistency and phase continuity not to be maintained. Therefore, the corresponding bracket in component 3 of FG 44-2a can be removed in our view. 
According to above, we propose to have the UE feature list updated as Table 1 for supporting PUCCH repetition when dedicated PUCCH resource configuration is not provided and PUSCH DMRS bundling in NTN.
Proposal 1:
· Update UE FG list according to Table 1 to support PUCCH repetition when dedicated PUCCH resource configuration is not provided and PUSCH DMRS bundling in NTN.
Table 1. UE features of NR NTN coverage enhancements
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	44. NR_NTN_enh
	44-1
	PUCCH repetition for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource 
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information 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
	FFS
	Yes
	No
	UE does not support PUCCH repetition for Msg4 HARQ-ACK
	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 Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling

	44. NR_NTN_enh
	44-2
	The maximum duration for NTN DM-RS bundling
	The 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
	30-4a/b
	Yes
	No
	
	Per Band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {FFS}
NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders for the corresponding physical channels.
Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling

	
	44-2a
	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
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
	30-4a/b
	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 Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling


2.2	UE features of UE location verification in NTN
In RAN1 #114 meeting, following agreement has been made, which means no UE assistance information would be supported for NTN specific PUSCH DMRS bundling. Thus component 2 of FG 44-3 can be removed.
	Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d


According to above, FG 44-3 can be updated according to Table 2.
Proposal 2:
· Update FG 44-3 on support of UE location verification in NTN according to Table 2.
Table 2. UE features of UE location verification in NR NTN
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx Measurement and Report for Multi-RTT positioning with single satellite in NTN
[2. Support of assistance information report [to mitigate the timing error] in Multi-RTT positioning in NTN]
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling


3. Conclusion
In this contribution, we provide our views on UE features for NR NTN enhancements. According to the discussions, we have following proposals.
Proposal 1:
· Update UE FG list according to Table 1 to support PUCCH repetition when dedicated PUCCH resource configuration is not provided and PUSCH DMRS bundling in NTN.
Proposal 2:
· Update FG 44-3 on support of UE location verification in NTN according to Table 2.
References
1. [bookmark: _Ref92304356]RP-223534, Revised WID: NR NTN (Non-Terrestrial Networks) enhancements, 3GPP TSG RAN #98-e meeting, December 12-16, 2022.
1. [bookmark: _Ref141724141]R1-2308521, Updated RAN1 UE features list for Rel-18 NR after RAN1#114, 3GPP TSG RAN WG1 #114, August 21st - August 25th, 2023.
1. [bookmark: _Ref146648062]R1-2309091, Discussions on remaining issues of coverage enhancements in NR NTN, 3GPP TSG RAN WG1 #114bis, October 9th - October 13th, 2023.


14/14
