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1. Background
[bookmark: _Hlk100744619]

In RAN1#113-bis,  the meeting agreements are listed as below [1].

R1-2306022	Summary #1 on 9.9.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Working assumption
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.


R1-2306085	[Draft] LS on higher layer signaling in Msg3 PUSCH for PUCCH repetition for Msg4 HARQ-ACK	Moderator (NTT DOCOMO, INC.)
R1-2306105	LS on higher layer signaling in Msg3 PUSCH for PUCCH repetition for Msg4 HARQ-ACK	RAN1, NTT DOCOMO

Agreement
Draft LS to RAN2 in R1-2306085 is endorsed with the following change:
[bookmark: _Hlk135670142]It is noted that an additional working assumption was reached for repetition request or capability report.
Final LS in R1-2306105


Agreement
If PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided:
· The agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource
· The same repetition factor is applied for PUCCH for Msg4 HARQ-ACK and subsequent PUCCH transmissions by using common PUCCH resource
· Note: It is not precluded for gNB to provide dedicated PUCCH config via Msg4 PDSCH.

R1-2306023	Summary #2 on 9.9.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)
R1-2306024	Summary #3 on 9.9.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

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


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

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
· DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.

In Draft Agenda for RAN1#114 [2],  it is required to consider additional RAN agreement from RAN#100 (RP-231482, proposal 5 – option 1). 
Proposal 5: Select one among the 2 options here after [3]
- Opt1: The discussion on the followings is postponed to RAN#101 however without further discussion in RAN1#114
· whether to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided
· Regarding the PUCCH transmission behavior after the transmission of HARQ ACK of PDSCH with UE contention resolution identity until the decoding of RRC message containing  dedicated PUCCH resource configuration, whether to support SIB indication for the choice between "no PUCCH repetition" or "same as the PUCCH transmission of HARQ ACK of PDSCH with UE contention resolution identity"
- Opt2: RAN tasks RAN1 to discuss followings in RAN1#114
· whether to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided
· Regarding the PUCCH transmission behavior after the transmission of HARQ ACK of PDSCH with UE contention resolution identity until the decoding of RRC message containing  dedicated PUCCH resource configuration, whether to support SIB indication for the choice between "no PUCCH repetition" or "same as the PUCCH transmission of HARQ ACK of PDSCH with UE contention resolution identity"

Based on these achievements, we will make further discussions on NTN coverage enhancement. 

2. Discussion

2.1 PUCCH for Msg4 HARQ-ACK

For PUCCH repetition for Msg4 HARQ-ACK, it has been assumed in RAN1#113 meeting that two-state information is transmitted as ‘repetition request or capability report’. 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. 

We agree with the assumption basically, and we believe Msg3 can be enhanced to transmit this two-state information, by utilizing spare bit in RRC, or R bit in MAC subheader, or LCID.

But since RAN2 is still studying on this issue, and the final agreement is not achieved yet, we can still discuss alternative solutions. As we have proposed in a previous Tdoc [4], if only one repetition factor is configured via SIB, then UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor.  If an UE is not capable of repetition, UE does not make repetition, and gNB make blind detection for it.Therefore, without the two-state information, it is also feasible to make blind re-transmission. We are open for further discussion on this issue.

Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK,
-  Msg3 can be enhanced to transmit two-state information as ‘repetition request or capability report’, by utilizing spare bit in RRC, or R bit in MAC subheader, or LCID.
-  If Msg3 enhancement is not feasible, blind re-transmission and reception can be considered.

Regarding whether to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided (i.e.,the PUCCH transmission behavior after the transmission of HARQ ACK of PDSCH with UE contention resolution identity until the decoding of RRC message containing  dedicated PUCCH resource configuration),  we believe PUCCH repetition for this case should be supported. Otherwise, coverage would be lack of guarantee for these PUCCH.

With respect to SIB indication for the choice between "no PUCCH repetition" or "same as the PUCCH transmission of HARQ ACK of PDSCH with UE contention resolution identity", our understanding is that, such SIB indication may not be able to provide UE specific indication according to UE specific link conditions. We incline to support alternative solutions. For example, support dynamic indication for the PUCCH repetition factor before dedicated PUCCH resource configuration is provided.

Proposal 2: Support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided. 

Proposal 3: For repetitions of PUCCH transmission when dedicated PUCCH resource configuration is not provided, gNB should dynamically indicate UE the repetition factor.


2.2 DMRS bundling for PUSCH 

For NTN-specific PUSCH DMRS bundling, it has been assumed in RAN1#113 meeting to 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. We agree to reuse the basic framework specified in clause 6.1.7 in TS38.214 for nominal TDW. And no assistance information is needed in our view. UE behaviors such as antenna switching can be handled by UE implementation according to the requirement of actual TDW.

Proposal 4: For NTN-specific PUSCH DMRS bundling, reuse the basic framework specified in clause 6.1.7 in TS38.214 for nominal TDW. No assistance information is needed. UE behaviors such as antenna switching should follow the requirement of TDW in implementation.

Due to the high dynamic characters of LEO system, the UE capability of keeping phase consistency may change with time. For example, when elevation angle is different, the maximum duration that a same UE can keep phase consistency may be different. Therefore, update is necessary. Mechanism for UE to update its report should be considered.

Proposal 5: For NTN-specific PUSCH DMRS bundling, also support UE triggered report on the maximum duration  that the UE can keep the phase consistency. 

For actual TDW, we agree that it  is determined by the existing events and no additional event. Events such as TA pre-compensation, antenna switching, should be be done according to the requirements of the actual TDW, not the other way around. 

Proposal 6: For actual TDW,  it  is determined by the existing events and no additional event. 

For TA pre-compensation update within an actual TDW that does not violate the phase difference limit, we are quite agreeable. In our view, it is of great importance for NTN that UE can do pre-compensation update within an actual TDW without violating the phase different limit.

Proposal 7: UE may do pre-compensation update within an actual TDW without violating the phase different limit. 


3. Conclusions

Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK,
-  Msg3 can be enhanced to transmit two-state information as ‘repetition request or capability report’, by utilizing spare bit in RRC, or R bit in MAC subheader, or LCID.
-  If Msg3 enhancement is not feasible, blind re-transmission and reception can be considered.

Proposal 2: Support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided. 

Proposal 3: For repetitions of PUCCH transmission when dedicated PUCCH resource configuration is not provided, gNB should dynamically indicate UE the repetition factor.

Proposal 4: For NTN-specific PUSCH DMRS bundling, reuse the basic framework specified in clause 6.1.7 in TS38.214 for nominal TDW. No assistance information is needed. UE behaviors such as antenna switching should follow the requirement of TDW in implementation.

Proposal 5: For NTN-specific PUSCH DMRS bundling, also support UE triggered report on the maximum duration  that the UE can keep the phase consistency. 

Proposal 6: For actual TDW,  it  is determined by the existing events and no additional event. 

Proposal 7: UE may do pre-compensation update within an actual TDW without violating the phase different limit.
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