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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]:
· 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
PUCCH repetition for Msg4 HARQ-ACK
	Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.
[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.


In previous meetings, the necessary agreements and conclusions above for supporting PUCCH repetition for Msg4 HARQ-ACK have been reached. Some further discussions of detailed solutions are still ongoing. Note that there’s no conclusion yet on whether the PUCCH repetition to be supported is applicable to all PUCCH transmissions on common PUCCH resource when dedicated PUCCH resource is not provided, therefore this should be further discussed.
According to above, we propose to discuss at least following UE feature group described in Table 1 for supporting common PUCCH repetition in Rel-18 NTN. 
Proposal 1:
· RAN1 to discuss UE feature group provided in Table 1 as a start point to support common PUCCH repetition in NTN.
Table 1. Potential UE features of supporting common PUCCH repetition in Rel-18 NTN.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	common PUCCH repetition in NTN
	Support PUCCH repetition for Msg4 HARQ-ACK. 
FFS: the applicability when dedicated PUCCH resource configuration is not provided.
	N/A
	Yes
	UE does not support PUCCH repetition based on common PUCCH resource configuration. 
	[Per UE or Per Band]
	[No]
	[No]
	FFS
	Optional with capability signaling




PUSCH DMRS bundling in NTN
	Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching
Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.
Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling
Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4
Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting


According to the agreements and conclusions above, support of PUSCH DMRS bundling in NTN would be potential coverage enhancement for NTN although further discussions of detailed solutions are still ongoing. 
According to above, we propose to discuss at least following UE feature group as described in Table 2 for supporting PUSCH DMRS bundling in Rel-18 NTN. Based on the UE features agreed in NR Rel-17 for coverage enhancement[2], 30-4a/b are basic UE feature groups required for DMRS bundling. Therefore, they can be prerequisite FGs for PUSCH DMRS bundling in NTN.
Proposal 2:
· RAN1 to discuss UE feature group provided in Table 2 as a start point to support PUSCH DMRS bundling in NTN.
Table 2. Potential UE features of supporting PUSCH DMRS bundling in Rel-18 NTN.

	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	NTN DMRS bundling enhencement for PUSCH
	Support DM-RS bundling for PUSCH in NTN over consecutive slots.
FFS: new events rules for NTN are introduced. 
	30-4a/b (DM-RS bundling for PUSCH repetition Type A/B)
	Yes
	UE does not support DM-RS bundling enhancement for PUSCH in NTN. 
	[Per UE]
	[No]
	[No]
	FFS
	Optional with capability signaling



2.2	UE features of UE location verification in NTN
According to the discussions so far in NR NTN UE location verification topic, Multi-RTT positioning method with single satellite in view by UE would be specified although the detailed solution discussions are still on going. In addition, some additional information may be reported to satellite to mitigate the timing error which is more serious in NTN. Therefore, at least 2 UE feature groups, UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN and assistant information report in Multi-RTT positioning in NTN, should be discussed for supporting UE location verification in Rel-18 NTN.
Based on the agreed UE features summarized in NR Rel-16 for TN [3], 13-4 and 13-8 are basic UE feature groups required for supporting the PRS and SRS transmission in Multi-RTT methods. The PRS and SRS design in Rel-16 for Multi-RTT positioning in NTN should be reused according to the agreement below and we do not think any enhancements of PRS/SRS are needed at this stage for UE location verification in NTN. Therefore, 13-4 and 13-8 can be prerequisite FGs for Multi-RTT positioning in NTN. 
	Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN


Assistant information report can be further discussed in RAN1 when the UE/gNB Rx-Tx time difference is determined. UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN can be the prerequisite FG of assistant information report for Multi-RTT positioning in NTN. 
According to above, details of the 2 FGs are provided in Table 3, and we have following proposal.
Proposal 3:
· RAN1 to discuss UE feature groups provided in Table 3 as a start point to support UE location verification in NTN.
Table 3. Potential UE features of supporting UE location verification in Rel-18 NTN.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	Support UE Rx-Tx Measurement and Report for Multi-RTT positioning with single satellite in NTN
	13-4 (DL PRS Resources for Multi-RTT),
13-8 (SRS Resources for Positioning)
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	[Per UE]
	N/A
	[No]
	Need for location server to know if the feature is supported.
FFS other notes
	Optional with capability signaling

	Assistant information report in Multi-RTT positioning in NTN
	Support assistance information report to mitigate the timing error in Multi-RTT positioning in NTN. 
FFS: the detailed assistance information, e.g. Common TA offset, UE autonomous TA offset.
	Multi-RTT positioning with single satellite in NTN
	No
	UE does not support assistance information report to mitigate the timing error
	[Per UE]
	N/A
	[No]
	Need for location server to know if the feature is supported.
FFS other notes
	Optional with capability signaling



3. Conclusion
In this contribution, we provide our views on UE features for enhancements in NR NTN. According to the discussions, we have following proposals: 
Proposal 1:
· RAN1 to discuss UE feature group provided in Table 1 as a start point to support common PUCCH repetition in NTN.
Proposal 2:
· RAN1 to discuss UE feature group provided in Table 2 as a start point to support PUSCH DMRS bundling in NTN.
Proposal 3:
· RAN1 to discuss UE feature groups provided in Table 3 as a start point to support UE location verification in NTN.
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