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1. Introduction
At the RAN1#114 meeting [1], there was discussion on coverage enhancement for NR NTN and the initial set of UE capabilities was agreed as follows. In this contribution, we share our further views on UE features for NR NTN 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
	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

	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



2. Discussion
2.1. Coverage enhancement
2.1.1. FG 44-1
For component 5, it was agreed at the last RAN plenary meeting that this PUCCH repetition is applicable for any PUCCH transmission by using common PUCCH resource. The component 5 should be agreed without brackets/highlight. 
For prerequisite, we do not find any prerequisite FG for this FG.
For note, this PUCCH repetition can be applied to TN as well as NTN. There is no motivation to preclude it from TN spec. Meanwhile, the support in TN may lead to additional issue. In such a case, the note should be back here
Proposal 1: 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 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




2.1.2. FG 44-2
For FG 44-2. There are two issues.
1) Whether/how to capture no TA pre-compensation update within an actual TDW. In our view, the corresponding text/component is necessary in FG 44-2. In NTN, when DMRS bundling is not performed, UE can perform TA pre-compensation update anytime. However, when DMRS bundling is performed, the UE behavior with respect to TA pre-compensation update is different. Additional restriction shall be considered. Definitely this aspect is not included in any existing FG.
2) Whether/how to report the maximum TDW size. Some companies believe that separate FG from FG 30-4 should be introduced while others state that FG 30-4, which is indirect prerequisite of FG 44-2, is sufficient. In our understanding, the main point is whether FG 30-4 can be used to report NTN-specific perspective. Two options to solve the issue can be considered:
· Opt 1: Reuse FG 30-4 for NTN band. One note is added in FG 44-2 to mention how to use FG 30-4 for NTN band.
· Opt 2: Introduce one more FG (44-2a) for NTN band. One note is added in FG 44-2a to say the reported value in FG 30-4 for NTN band is ignored.
Between these two options, we prefer Opt 2. FG 30-4 indicates one value from {4, 8, 16, 32} for FDD and from {2, 4, 8, 16} for TDD. The granularity seems not to be finer sufficiently for NTN.
For note part, no motivation to preclude HAPS NW can be found. 

Proposal 2: Update FG 44-2 and introduce FG 44-2a as follows.
	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
[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

	44. NR_NTN_enh
	44-2a
	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 DM-RS bundling for PUSCH, 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
	FG 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}
Candidate values for the maximum duration for TDD are {2, 4, 8, 12, 16}

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

Note: 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, reported value in FG 30-4 is not considered,
	Optional with capability signaling




2.2. NW verified UE location
2.2.1. FG 44-3
Following agreement was made in previous meeting on UE Rx-Tx time difference of multi-RTT framework with single satellite in NTN scenario.
	Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following:
· UE reports the actual index difference between subframe j and subframe i
· The uplink subframe j is closest in time to the DL subframe #i received from the TP
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported.


It can be observed that the legacy definition of UE Rx-Tx time difference in NR positioning is adopted for NTN with an offset. The offset is based on UE reported assistance information, which includes actual index difference between subframe j and subframe i, and the DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period. Thus, the component 2 can be updated with clarification of the assistance information based on above agreement. 
One note is that, as discussed in [2], the actual index difference means the index difference between the uplink subframe j and UL subframe i, where UL subframe j is closest in time with DL subframe i, which represents the absolute number of subframes. Considering that the subframe i and subframe j may not in the same frame, it should be further clarified even in this FG that the index difference represents the absolute number of subframes between the uplink subframe j and UL subframe i. 
Meanwhile, regarding whether this FG is supported for HAPS band or not, as HAPS is not precluded for NW verified UE location case, and HAPS deployment is also feasible for multi-RTT framework with single satellite, it may be necessary and thus FG44-3 should also be applicable for HAPS band.

Proposal 3: Update FG44-3 as follows.
	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] index difference report, which represents the absolute number of subframes between the uplink subframe j and UL subframe i, where UL subframe j is closest in time with DL subframe i, in multi-RTT positioning in NTN
3. Support of DL timing drift report due to Doppler over the service link 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 presented our views regarding remaining issues on Rel-18 UE features for NR NTN enhancements. Based on the discussion in this contribution, following proposals were made.
Proposal 1: 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 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



Proposal 2: Update FG 44-2 and introduce FG 44-2a as follows.
	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
[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

	44. NR_NTN_enh
	44-2a
	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 DM-RS bundling for PUSCH, 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
	FG 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}
Candidate values for the maximum duration for TDD are {2, 4, 8, 12, 16}

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

Note: 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, reported value in FG 30-4 is not considered,
	Optional with capability signaling



Proposal 3: Update FG44-3 as follows.
	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] index difference report, which represents the absolute number of subframes between the uplink subframe j and UL subframe i, where UL subframe j is closest in time with DL subframe i, in multi-RTT positioning in NTN
3. Support of DL timing drift report due to Doppler over the service link 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
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