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Introduction
In RAN1#113, it was discussed on UE features for NR NTN, and related results are captured as follows. 
	Agreement: Introduce the following new row/FG for Rel. 18 NR NTN enhancements
	44. NR_NTN_enh-Core
	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]
	
	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



Agreement: Introduce the following new row/FG for Rel. 18 NR NTN enhancements
	44. NR_NTN_enh-Core
	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



Agreement: Introduce the following new row/FG for Rel. 18 NR NTN enhancements
	44. NR_NTN_enh-Core
	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





This contribution discusses the remaining details for coverage enhancements and network verified UE location, respectively.

Coverage enhancement
PUCCH repetition for Msg4 HARQ-ACK
For component 3, it can be confirmed since “DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication” is used for indicating PUCCH repetition for Msg 4 HARQ-ACK in RAN1#113. For component 4, it should not be confirmed in this meeting since RAN2 is studying on the feasibility. Furthermore, it should be changed to “PUCCH repetition for Msg 4 HARQ-ACK”, not “PUCCH Msg 4 HARQ-ACK repetition”.  For component 5, RAN1 cannot discuss this issue in this meeting according to RAN#100 guidance.  Since the wording on Msg 4 HARQ-ACK, there is another discussion on whether PUCCH repetition can be extended to common PUCCH other than Msg4 HARQ PUCCH. Since RAN#101 will discuss this issue, the wording “Msg 4 HARQ-ACK” should be within bracket for now and then will be confirmed or changed to other terminology depending on the further progress.
Proposal 1: Consider the following updated FL 44-1 as baseline.
	44. NR_NTN_enh-Core
	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 repetition for [Msg4 HARQ-ACK]repetition]
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
	
	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


For note, the main issue is that whether this feature can be extended to general use case or only NTN band or non-TN band. From our understanding, this feature is the outcome of coverage enhancements for NTN. However, it might be beneficial to consider this feature in TN as well if some NW operators want to have this feature in their network, and this feature can be supported without considering Rel-17 NTN feature. In that sense, it needs more discussion. 

DMRS bundling
For component 3, we think that this component can be combined with component 2. The main motivation is that the UE reporting this feature should maintain phase and power continuity during actual TDW regardless of TA pre-compensation. Furthermore, similar to FG 30-4, the UE needs to report the maximum duration for NTN-specific DMRS bundling. Thus, we would like to propose component 1 as “The maximum duration for support of DM-RS bundling for PUSCH over consecutive slots”, and component 2 as “Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit during actual TDW”. With this update, component 3 is not necessary. Then, in the note, “Candidate values for the maximum duration are {[2], [4], [], …}” should be added for further discussion. As for prerequisite, we think that it should be changed to 30-4 because 30-4 a/b are also applicable to multiple carrier scenario such as FR1+FR2 UL CA, FR1 + FR2 DC. 
[bookmark: _GoBack]Proposal 2: Consider the following updated FL 44-2 as baseline.  
	44. NR_NTN_enh-Core
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots The maximum duration for 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 Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit during actual TDW
[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]
Candidate values for the maximum duration are {[2], [4], [], …}
	Optional with capability signaling




Network verified UE location
UE RX-TX time difference
The UE feature group 44-3 is intended to capture the capability of a UE in NTN bands for supporting UE Rx-Tx.  The discussions for supporting network verified UE location using Multi-RTT in AI 9.9.2 are under LEO/MEO conditions where the satellite is moving fast enough such that Multi-RTT approach can be used for a single satellite scenario in NTN.  This solution is not readily applicable to other scenarios such as HAPS.  There is no reason we should have this capability for HAPS operation bands at this point yet.
On the other hand, the support for the assistance information reported by the UE to network along with UE Rx-Tx report is necessary.  Hence, we believe the second component is necessary to be there as already suggested.
Proposal 3:  Consider the following updated FG 44-3 as baseline.
	44. NR_NTN_enh-Core
	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




Conclusions
The following proposals have been made for coverage enhancement of NR NTN.  

Proposal 1:  Consider the following updated FG 44-1 as baseline.
	44. NR_NTN_enh-Core
	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 repetition for [Msg4 HARQ-ACK]repetition]
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
	
	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:  Consider the following updated FG 44-2 as baseline.
	44. NR_NTN_enh-Core
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots The maximum duration for 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 Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit during actual TDW
[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]
Candidate values for the maximum duration are {[2], [4], [], …}
	Optional with capability signaling



Proposal 3:  Consider the following updated FG 44-3 as baseline.
	44. NR_NTN_enh-Core
	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
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