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[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In the past RAN1 meeting [1], the following agreement was made on UE features for NR NTN.
	Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	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 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 on common PUCCH resources
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources 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: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	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.]
	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 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: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	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 time difference and UE Rx-Tx time difference offset 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]
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	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






In this contribution, we discuss the UE features for NR NTN.
Discussions
PUCCH repetition for Msg4 HARQ-ACK
The common PUCCH including Msg 4 HARQ-ACK is one of the coverage bottleneck channels in the uplink physical channel. According to TR 38.830, performance gap between PUCCH for Msg4 HARQ-ACK and PUSCH for Msg3 is approximately 6 dB, and the repetition factor of Msg3 PUSCH is up to 16. If large repetition factor is configured for Msg3 repetition and Msg4 HARQ-ACK repetition is not configured, Msg4 HARQ-ACK would be the worst bottleneck in RACH procedure. Therefore, for FG44-1, Msg4 HARQ-ACK repetition should be supported for also TN operation. (i.e. remove the bracket for note)
Proposal 1: For FG44-1, Msg4 HARQ-ACK repetition is supported for also TN operation. (i.e. remove the bracket for note)
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	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 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 on common PUCCH resources
	FFS

	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources 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



DMRS bundling for NR NTN
In RAN1#112-bis meeting, we made the following working assumption:
	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



In the legacy specification (38.213 - clause 4.2), timing advance is adjusted by TA command via MAC CE indicated by gNB as a well-known way. The other adjustment way is UE autonomous timing adjustment due to change of downlink receiving timing. In other words, the gNB is not aware of when the UE perform UE autonomous timing adjustment. This is similar to the TA pre-compensation for NTN, but it has been introduced since Rel-15.
Observation 1: For Rel-15/16/17 TA adjustment, the specifications have been specified the following ways:
· adjustment by TA command indicated by gNB.
· UE autonomous timing adjustment due to change of downlink receiving timing.
Observation 2: The gNB is not aware of when the UE performs UE autonomous timing adjustment.
Although the UE autonomous TA adjustment is introduced since Rel-15, for Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment within the nominal TDW is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW. Therefore, for Rel-18 NTN PUSCH DMRS bundling specification, restriction of UE autonomous TA pre-compensation timing (i.e., component 3 of FG 44-2) does not need to be explicitly captured.
Observation 3: For Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW.
Proposal 2: For FG44-2, component 3 is not necessary.
	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.]
	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 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



Conclusion
In this contribution, we have the following proposals:
Proposal 1: For FG44-1, Msg4 HARQ-ACK repetition is supported for also TN operation. (i.e. remove the bracket for note)
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	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 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 on common PUCCH resources
	FFS

	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources 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: For FG44-2, component 3 is not necessary.
	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.]
	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 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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