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1. Introduction
In this contribution, we discuss the following remaining issues of PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for Rel-18 NR NTN enhancement.
· PUCCH resource capacity enhancement
· Whether to confirm remaining WA

2. Discussion
PUCCH enhancement for Msg4 HARQ-ACK 
2.2.1.	PUCCH resource capacity enhancement
Regarding common PUCCH repetition, multiple repetition factors would be simultaneously supported in a specific cell. Here, gNB should allocate PUCCH resources that may be used by each repetition factor. So, if the legacy behavior is reused, the PRB location based on PRB offset (Table 9.2.1-1 in TS38.213 [1]) must be applied regardless of the repetition factor. Thus, gNB is forced to allocate resources for PUCCH repetition using different time domain resources (because sequence domain resources are limited), resulting in an increase in the average time delay of UEs in the cell.
Therefore, in order to handle this issue, if multiple repetition factors are simultaneously supported in a specific cell, additional PRB offsets can be configured/determined for each PUCCH repetition factor. For the example, gNB can configure a single additional PRB offset via higher layer signaling. After that, UE can determine additional PRB offsets for each configured PUCCH repetition factor. To be specific, legacy PRB offset can be used for a single PUCCH transmission, and additional PRB offsets can be used for multiple PUCCH transmission with 1st value of numberOfPUCCHforMsg4HARQACK-RepetitionsList except 1. Also, twice additional PRB offset can be used for multiple PUCCH transmission with 2nd value of numberOfPUCCHforMsg4HARQACK-RepetitionsList except 1. Similar to this approach, it can be applied to other repetition factors. On the other hand, if additional PRB offset is not provided, legacy PRB offset is used for multiple PUCCH transmissions regardless of the repetition factor.

Proposal 1. gNB can configure an additional PRB offset for multiple PUCCH transmissions via higher layer signaling (e.g., SIB). 
· If an additional PRB offset is provided, UE can determine the exact PRB offset for configured PUCCH repetition factor.

Proposal 2. Adopt the text proposal as below for TS38.213
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< Unchanged parts are omitted >
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes, and n is nth value of numberOfPUCCHforMsg4HARQACK-RepetitionsList except 1, and  is a PRB offset for PUCCH repetition which can be provided in PUCCH-ConfigCommon; otherwise,  = 0
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
< Unchanged parts are omitted >



DMRS bundling for PUSCH
In RAN1#114 meeting, it has been concluded how to determine actual/nominal TDW except the aspect of UE capability signaling design. However, there are remaining issues on how UE operates within TDW with a consideration of phase pre-compensation. Regarding these issues, couple of working assumptions were made in previous meetings. 

In RAN1#112bis, following working assumption was made:
	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 above working assumption, it is assumed that UE shall not perform TA pre-compensation update within an actual TDW, only if it could cause phase discontinuity. However, according to the note in the agreement from RAN1#114, the phase discontinuity should be considered at gNB receiver which is difficult to be expected at the UE side. Thus, it may be impossible that UE performs TA pre-compensation adaptively. In other words, UE has to keep the phase in the best effort manner. Considering those point of view, we suggest to confirm working assumption with following modification.

Proposal 3: Confirm working assumption with following modification.
	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 addition, following working assumption was made in RAN1#113bis:
	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



In the last meeting, what the UE capability would be and the potential specification impact were discussed. As an outcome, a form of UE capability and whether/how to use UE assistance information had been concluded and related CR that almost re-use clause 6.1.7 in TS 38.214 had been endorsed. Therefore, it may not be meaningful to confirm the above working assumption. 
On the other hand, it still remains whether to introduce a new UE capability or re-use existing UE capability. However, even with a new UE capability, the new UE capability would clearly replace the existing UE capability especially in NTN band and UE may indicate only either a new UE capability or existing UE capability for NTN band. Thus, in terms of specification, working assumption can be further revised and it is still good to confirm the working assumption, at least for upcoming CR and UE features discussion. 

Proposal 4: Confirm working assumption with following modification.
	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


 
3. Conclusion
In this contribution, we discussed the remaining issues of PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for Rel-18 NR NTN enhancement, we have following proposals.

Proposal 1. gNB can configure an additional PRB offset for multiple PUCCH transmissions via higher layer signaling (e.g., SIB). 
· If an additional PRB offset is provided, UE can determine the exact PRB offset for configured PUCCH repetition factor.

Proposal 2. Adopt the text proposal as below for TS38.213
	9.2.1	PUCCH Resource Sets
< Unchanged parts are omitted >
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes, and n is nth value of numberOfPUCCHforMsg4HARQACK-RepetitionsList except 1, and  is a PRB offset for PUCCH repetition which can be provided in PUCCH-ConfigCommon; otherwise,  = 0
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
< Unchanged parts are omitted >



Proposal 3: Confirm working assumption with following modification.
	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



Proposal 4: Confirm working assumption with following modification.
	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
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