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Introduction
In RAN1#112bis-e, it was discussed on coverage enhancement for NR NTN, and related results are captured as follows. 
	Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

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 

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.



In this contribution, it discusses on PUCCH enhancements for Msg4 HARQ-ACK and DMRS bundling for PUSCH, respectively.

PUCCH enhancements for Msg4 HARQ-ACK
Definition of PUCCH enhancements
In past meetings, there was a discussion on whether PUCCH enhancement can include only Msg4 PUCCH or other cases such as PUCCH transmission before that UE receives UE-specific RRC configuration. Although “Msg4 PUCCH” is defined in WID, “Msg4” itself is not defined in the specifications and the PDSCH providing contention resolution is not necessarily the first PDSCH after Msg3 PUSCH is correctly received. Also, the issue is applicable in general until a UE is provided dedicated PUCCH resources which is an optional configuration (i.e. a NW is not required by the specifications to provide dedicated PUCCH resources to a UE). Thus, PUCCH repetitions should be applicable when dedicated PUCCH resource configuration is not provided, and it would require marginal further specification impact. 
Proposal 1: Support of PUCCH repetitions in Rel-18 NTN is about the case where a UE does not have dedicated PUCCH resources.

Support PUCCH format 1
For now, for simplicity, reference will be to “Msg4 HARQ-ACK” under the assumption that repetitions are supported for any PUCCH with HARQ-ACK when a UE does not have dedicated PUCCH resources. Regarding PUCCH format 1, in RAN1#110, it was observed that PUCCH format 1 can meet the performance requirement with proper repetition level and frequency hopping with the assumption of 2-bit payload. 
Proposal 2: Support at least PUCCH repetitions for PUCCH format 1. 

Repetition request/report 
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.


RAN1 agreed a working assumption to support higher layer signaling in Msg3 PUSCH to indicate request/capability of repetitions for Msg4 HARQ-ACK, which should be confirmed by RAN2 because it has RAN2 specification impact. 
RAN1 discussed with no consensus the bit size necessary for repetition request or capability report. It would have very marginal gain or no benefit at all for a UE to provide the number of repetitions using 2 bits via higher layer signaling in Msg3 PUSCH. Even though UE provides the preferred number of repetition using 2 bits, it is gNB implementation on how many number of repetitions is used for PUCCH transmission carrying Msg.4 HARQ-ACK. In that sense, 1 bit should be enough. Regarding terminology between repetition request or capability report, repetition request should be used instead of capability report since RSRP threshold can be configured although there is a case where UE should report request regardless of measured RSRP. 
Proposal 3: If the WA is confirmed, support only 1 bit for repetition request or capability report.  

Dynamic repetition indication
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number field
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field


Regarding down-selection between multiple alternatives, it should be discussed after confirming whether or not it can be extended to PUCCH transmission when dedicated PUCCH resource configuration is not provided. The reason is that DCI format 1_0 with CRC scrambled by TC-RNTI is used for scheduling Msg4 PDSCH, while DCI format 1_0 with CRC scrambled by C-RNTI is used for scheduling PDSCH when dedicated PUCCH resource configuration is not provided. It is preferred to have a unified design for dynamic indication of repetition factor regardless of RNTI.  
Proposal 4: Down-selection on “which DCI field is used for dynamic indication of repetition factor” should be considered after discussing whether or not it can be applicable to “PUCCH transmission when dedicated PUCCH resource configuration is not provided”. 

RSRP threshold
	Working assumption
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


Regarding the determination of RSRP threshold, Alt. B is slightly preferable since it is more flexible and Alt. B can provide Alt. A by gNB implementation. 
Regarding FFS on value of X, it should not be a configurable value in order to avoid different UE behaviors depending on the relative values of two parameters set by gNB for the same feature. Thus, we prefer to have the same value (i.e., 127) as for the Msg.3 PUSCH repetition threshold. 
Proposal 5: Support Alt. B for RSRP threshold.  
Proposal 6: Value of X should be 127. 


DMRS bundling for PUSCH
DMRS bundling condition 
	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 

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting


Regarding FFS, we think that current specification for supporting DMRS bundling is sufficient. That’s why it is unnecessary to consider details such as UE capability and assistance information reporting. If there might be any issue to be resolved, RAN1 should ask RAN4 first because all events for DMRS bundling were provided by RAN4 in Rel-17 coverage enhancement. 
Proposal 7: It is not necessary to consider further details for NTN specific DMRS bundling.  


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

Proposal 1: Support of PUCCH repetitions in Rel-18 NTN is about the case where a UE does not have dedicated PUCCH resources.
Proposal 2: Support at least PUCCH repetitions for PUCCH format 1. 
Proposal 3: If the WA is confirmed, support only 1 bit for repetition request or capability report.  
Proposal 4: Down-selection on “which DCI field is used for dynamic indication of repetition factor” should be considered after discussing whether or not it can be applicable to “PUCCH transmission when dedicated PUCCH resource configuration is not provided”. 
Proposal 5: Support Alt. B for RSRP threshold.  
Proposal 6: Value of X should be 127. 
Proposal 7: It is not necessary to consider further details for NTN specific DMRS bundling.  
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