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1 Introduction
During RAN1#113 meeting, the coverage enhancement for NR NTN was discussed. In this contribution, we discuss the PUCCH repetition for Msg4 HARQ-ACK and TDW determination for PUSCH DMRS bundling.

2 DMRS bundling for PUSCH
During RAN1#113 the following agreement is made for TDW determination [1], and following alternatives need to be down selected during this meeting. 
	Agreement
For NTN-specific PUSCH DMRS bundling, one or more of the following is down-selected for actual TDW determination.
· Actual TDW is determined by the existing events and,
· Alt A: No additional event
· i.e., no spec impact is assumed for actual TDW determination.
· Alt B: New event of TA pre-compensation timing dynamically indicated by gNB
· i.e., TA pre-compensation timing can be dynamically indicated by gNB
· Note: UE can perform TA pre-compensation update at the indicated timing
· FFS: detailed indication
· Alt C: as dynamically indicated by gNB
· i.e., actual TDW can be dynamically indicated by gNB
· FFS: detailed indication
· Alt D: New event based on epoch time
· FFS details
· Alt E: New event based on antenna switching
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
· 



As specified in TS 38.214 [2], the actual TDW is determined based on the event which causes power consistency and phase continuity not to be maintain. When power consistency and phase continuity do not satisfy the RAN4’s requirements is subject to UE’s capability and implementation. No new capability except for FG44-2 is sufficient and has less spec impact. Thus, we consider the additional event for TDW determination unnecessary; new capability except for FG44-2 and assistance information from UE are also unnecessary.
Proposal 1: For actual TDW determination for NR NTN, support Alt-A: No additional event as the baseline.
Proposal 2: For UE capability report and assistance information for NR NTN, support Option-1a: No new capability except for FG44-2 and Option-2a: No assistance information as the baseline.
The CNR decreases and the needed TDW size increases at low elevation angles. However, UE can provide less TDW size at low elevation angles due to larger time drift. Antenna switching can be considered to meet the performance requirement for VoIP with less TDW size. Therefore, the new event for actual TDW determination and new capability report should be considered to support antenna switching: Alt-E: New event based on antenna switching and Option-1c: Support of antenna switching with DMRS bundling in NTN.
Proposal 3: For UE capability report, support Option-1c: Support of antenna switching with DMRS bundling in NTN.
Proposal 4: For actual TDW determination for NR NTN, support Alt-E: New event based on antenna switching.

3 PUCCH repetition for Msg4 HARQ-ACK
Repetition factor is not configured via SIB
For PUCCH repetition for Msg4 HARQ-ACK, the following working assumption was made during RAN1#111 [3]
	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



Whether or not to enable the feature of PUCCH repetition for Msg4 HARQ-ACK is decided by the network. If PUCCH repetition for Msg4 HARQ-ACK is not enabled, gNB can send SIB without any repetition factor. Thus, if the repetition factor is not configured via SIB in NR NTN, support the legacy UE behavior (no repetition) to minimum spec impact and ensure gNB and UE have the same understanding of repetition.
Proposal 5: For PUCCH repetition for Msg4 HARQ-ACK, if the repetition factor is not configured via SIB in NR NTN, support the legacy UE behavior.

RSRP Threshold for PUCCH repetition for Msg4 HARQ-ACK
For PUCCH repetition for Msg4 HARQ-ACK, the following working assumption and FL proposal were made during RAN1#112 [4] and RAN1#112bis-e [5]
	Working assumption (RAN1#112)
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

Proposal 1-4_v0 (RAN1#112bis-e)
Support Alt B for RSRP threshold to determine whether UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or not.
· Alt B: New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· FFS: how to define new RSRP threshold (e.g., absolute value, relative value to the RSRP threshold for R17 Msg3 repetition)



The payload of Msg3 PUSCH is larger than that of Msg4 HARQ-ACK, leading to different required SNRs. The new RSRP threshold for Msg4 HARQ-ACK is needed to cover different required SNRs. Moreover, the link budget gap of Msg4 HARQ-ACK is smaller than Msg3 PUSCH. To save signaling payload, the relative value to the RSRP threshold for Release 17 Msg3 repetition should be supported for indicating the RSRP threshold for Msg4 HARQ-ACK. 
Proposal 6: For PUCCH repetition for Msg4 HARQ-ACK, support new RSRP threshold.
Proposal 7: For PUCCH repetition for Msg4 HARQ-ACK, the RSRP threshold is indicated by the relative value to the RSRP threshold for Release 17 Msg3 repetition.

4 Conclusion
Based on the discussion in the previous sections, the following proposals were made:
Proposal 1: For actual TDW determination for NR NTN, support Alt-A: No additional event as the baseline.
Proposal 2: For UE capability report and assistance information for NR NTN, support Option-1a: No new capability except for FG44-2 and Option-2a: No assistance information as the baseline.
Proposal 3: For UE capability report, support Option-1c: Support of antenna switching with DMRS bundling in NTN.
Proposal 4: For actual TDW determination for NR NTN, support Alt-E: New event based on antenna switching.
Proposal 5: For PUCCH repetition for Msg4 HARQ-ACK, if the repetition factor is not configured via SIB in NR NTN, support the legacy UE behavior.
Proposal 6: For PUCCH repetition for Msg4 HARQ-ACK, support new RSRP threshold.
Proposal 7: For PUCCH repetition for Msg4 HARQ-ACK, the RSRP threshold is indicated by the relative value to the RSRP threshold for Release 17 Msg3 repetition.
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