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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#113, issues related to PUCCH repetition and PUSCH DMRS bundling. In this contribution, we focus on the remaining issues.
2 Discussion
2.1 PUCCH repetition
There is a working assumption reached at RAN1#113:
Working assumption #1:
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.
· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.

There is also a proposal from FL in RAN1#113 on the RSRP threshold:
Confirm the working assumption at the RAN1#112 meeting, with the following update.
Working assumption #2
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.
· Note: the measured RSRP is the latest available value at the UE.
· 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.
· 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: whether tThe definition of the new RSRP threshold is absolute value or relative value to the RSRP threshold in R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17)
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report

We think we should first conclude on the working assumption#2, then we can discuss whether to confirm the working assumption#1. From the UE side, it needs to know when to transmit capability report and when to transmit repetition request. Based on working assumption#2, it is based on whether the RSRP threshold is configured or not. When the RSRP threshold is not configured, the UE can’t judge the repetition number, so it can transmit to gNB the capability for decision making at gNB. When the RSRP threshold is configured, it can report to gNB the preferred repetition number based on the measured RSRP value. As anyway existence RSRP threshold is necessary to differentiate capability report and repetition request, Alt B with new RSRP threshold is more straight forward. Although the coverage issue for msg3 and PUCCH for msg 4 HARQ-ACK may be similar, same value can be configured for the same coverage gap case and different RSRP threshold value can be configured for more flexibility.
Proposal 1: Support to differentiate UE capability report and repetition request by whether the RSRP threshold is configured or not.
Proposal 2: Support new RSRP threshold value to determine the repetition number of PUCCH for msg4 HARQ-ACK.
If the issue related to proposal 1 and 2 are settled, we think it is straight forward to confirm working assumption#1.
Proposal 3: Confirm the working assumption#1.
2.2 PUSCH DMRS bundling
The agreements related to PUSCH DMRS bundling in RAN1#113 are as following:

Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported

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

[bookmark: _Hlk142581331]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 limitl
· 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

Regarding the event to determine the actual TDW, our preference is Alt B. Regarding Alt E, we don’t think this is a NTN-specific issue. Regarding Alt D, our view is that even the epoch time is still valid, once the UE performs TA pre-compensation, the phase difference may also be larger than the corresponding limit, and epoch time is already there as introduced in R17. Alt C may achieve similar impact as Alt B, However, with Alt C, there may be spec impact on when to apply the indicated actual TDW, and the reference timing for the actual TDW. While with Alt B, only the timing for TA pre-compensation is dynamically indicated to UE, and UE can determine the actual TDW based on the TA pre-compensation timing. It is similar to other events introduced in R17 coverage enhancement. So we prefer Alt B. Regarding the detailed indication, it can be by group common DCI or scheduling DCI with introducing new fields and reinterpreting existing fields.
Proposal 4: Support gNB to dynamically indicate the TA pre-compensation timing to UE, and UE will regard it as a new event to determine the actual TDW.
Regarding determination of the nominal TDW, it is agreed that gNB to make the decision and indicate it to UE. However, UE capability and UE assistance information is necessary to help gNB to determine the suitable nominal TDW value. Regarding the UE capability, we prefer option 1b. We still think antenna switching should be discussed separately. Regarding option 1d with per NTN platform configuration, we think different satellite drift rates and UE position may lead to different TDW size. Regarding option 1e with per elevation angle, we think it can be covered by the UE specific reporting. A UE only reports the max TDW corresponding to the current elevation angle. We don’t think reporting a set of TDW corresponding to multiple elevation angles is necessary. Regarding option 1f, we prefer not to support actual TDW to cross pre-compensation segments. In legacy release, an event is only used to divide the nominal TDW into multiple actual TDWs. 
Proposal 5: Support Option 1b to make UE to report the max TDW size.
Regarding UE assistance information, we prefer option 2c. Regarding option 2d, we think antenna switching related issue should be discussed separately. Regarding 2b with respect to max TDW size, we think it is a bit complicated and there will be spec impact on relationship between the reporting timing and the TDW size. So we prefer the more straight forward solution-option 2c, so that gNB can determine the suitable TDW size based on the assistance information.
Proposal 6: Support option 2c with TA adjustment timing as the UE assistance information.
3 Conclusion
In this contribution, we discussed the issues related to coverage enhancement for NR NTN, and our proposals are as following:
Proposal 1: Support to differentiate UE capability report and repetition request by whether the RSRP threshold is configured or not.
Proposal 2: Support new RSRP threshold value to determine the repetition number of PUCCH for msg4 HARQ-ACK.
Proposal 3: Confirm the working assumption#1.
Proposal 4: Support gNB to dynamically indicate the TA pre-compensation timing to UE, and UE will regard it as a new event to determine the actual TDW.
Proposal 5: Support Option 1b to make UE to report the max TDW size.
Proposal 6: Support option 2c with TA adjustment timing as the UE assistance information.
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