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1. Introduction
At the RAN1#114bis meeting [1], there was discussion on maintenance of coverage enhancement for NR NTN and the critical part was corrected successfully. In this contribution, we share our further views for maintenance on coverage enhancement for NR NTN.


2. Discussions
2.1. PUCCH repetition for Msg4 HARQ-ACK
2.1.1. Maintenance based on endorsement in RAN#101 – subsequent PUCCH repetition
	RP-232665	Offline discussion summary on Rel-18 NR-NTN PUCCH 	NTT DOCOMO
	enhancements for Msg4 HARQ-ACK
	related to RP-232091, RP-231818, RP-231947, RP-232020, RP-232039, RP-232100
	conclusion: proposal on slide 4 is endorsed

Proposal
· PUCCH repetition discussed in Rel-18 NR NTN coverage enhancement is supported for the PUCCH transmissions when dedicated PUCCH resource configuration is not provided
· No additional RAN1 work to support this behavior is assumed
· It is confirmed that DAI field for dynamic indication of repetition factor can indicate '1' when multiple values configured by the gNB for repetition factors include '1'
· FG 44-1 is used to indicate the support of this feature


As abovecaptured, it was agreed that this WI can support PUCCH repetition not only for Msg4 HARQ-ACK but also for subsequent PUCCH e.g., to report HARQ-ACK corresponding to a PDSCH conveying RRC configuration parameters. Then we can assume that the following RAN1 agreement is valid without ‘if’ at the beginning of the main bullet. 
	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.


Although it was commented at the last RAN1 meeting that the first sentence of the current 9.2.6 in TS 38.213 is sufficient, we do not believe that the argument is valid. Especially, when dynamic indication is used, the initially indicated value is repeatedly reused without any further indication. This kind of way cannot be interpreted from the text in our view. Clear description should be introduced.
Proposal 1:
· Adopt the following TP for TS 38.213.
	[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc137056408]9.2.6	PUCCH repetition procedure
[bookmark: _Hlk86776043]A UE that does not have dedicated PUCCH resource configuration and indicates a capability to transmit with repetitions a PUCCH with HARQ-ACK information [11, TS 38.321], determines a number of  slots for repetitions of a PUCCH transmission with HARQ-ACK information based on an indication by numberOfPUCCHforMsg4HARQACK-RepetitionsList. If numberOfPUCCHforMsg4HARQACK-RepetitionsList provides more than one values, the DAI field in a DCI format 1_0 with CRC scrambled by a TC-RNTI scheduling a PDSCH reception that includes a UE contention resolution identity indicates  from the more than one values. The indicated number of  is also applied to any PUCCH transmission after PUCCH transmission corresponding to the DCI format 1_0 with CRC scrambled by a TC-RNTI and before dedicated PUCCH resource configuration is provided. The UE transmits each repetition of the PUCCH using frequency hopping as described in Clause 9.2.1. 
<Unchanged parts omitted>




2.1.2. Essential correction for repetition of common PUCCH – Capacity issue
At first, we emphasize that common PUCCH capacity issue would be critical in actual NTN deployments and thus the proposal below is one of essential corrections.
---
In our view, it is clear that capacity of common PUCCH is a big problem when repetition is applied. Only 16 resources are available in an NTN-cell, and if e.g., 8 repetitions are applied, only 16 resources are available within 8 slots. In addition, the number of simultaneous active satellite beams is not so many compared to total satellite beams as discussed for R19 NTN coverage topic. Therefore, this PUCCH capacity is not sufficient in NTN cell where a lot of users are to be assumed to exist. It is essential that more than 16 resources per slot are defined so that all users in an NTN cell can be accommodated without any delay due to capacity of Msg4 HARQ-ACK resource. 
On the solution, many options would be considerable, for example additional PRB offset is introduced/indicated, more than one PUCCH resource set are indicated, etc. Although further study from companies was preferable, now we are in maintenance phase. Therefore, we propose concrete mechanism for common PUCCH capacity enhancement.
[image: ]
Fig. 1: The existing common PUCCH – only 16 resources within PUCCH repetition slots
	[image: ]
Fig. 2: Proposed common PUCCH – 32 resources within PUCCH repetition slots
Proposal 2:
· For PUCCH repetition for Msg4 HARQ-ACK, support more than 16 PUCCH resources in a cell.
· Additional PRB offset  from the original cell-common PRB offset  can be configured via SIB.
· If configured, whether the additional PRB offset is applied or not is indicated via one MSB bit of MCS field in DCI format 1_0 with CRC scrambled by TC-RNTI.
· Adopt the following TP for TS 38.213.
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<Unchanged parts 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  is indicated by one MSB bit of MCS field in DCI format 1_0 with CRC scrambled by TC-RNTI if [RRC parameter] is provided; 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 omitted>




2.2. PUSCH DMRS bundling
For PUSCH DMRS bundling, we do not see any essential correction for RAN1 specifications except for UE feature perspective. No proposal is submitted here.


3. Conclusion
In this contribution, we discussed maintenance of coverage enhancement for NR NTN. Observations/Proposals are summarized as following: 
Proposal 1:
· Adopt the following TP for TS 38.213.
	9.2.6	PUCCH repetition procedure
A UE that does not have dedicated PUCCH resource configuration and indicates a capability to transmit with repetitions a PUCCH with HARQ-ACK information [11, TS 38.321], determines a number of  slots for repetitions of a PUCCH transmission with HARQ-ACK information based on an indication by numberOfPUCCHforMsg4HARQACK-RepetitionsList. If numberOfPUCCHforMsg4HARQACK-RepetitionsList provides more than one values, the DAI field in a DCI format 1_0 with CRC scrambled by a TC-RNTI scheduling a PDSCH reception that includes a UE contention resolution identity indicates  from the more than one values. The indicated number of  is also applied to any PUCCH transmission after PUCCH transmission corresponding to the DCI format 1_0 with CRC scrambled by a TC-RNTI and before dedicated PUCCH resource configuration is provided. The UE transmits each repetition of the PUCCH using frequency hopping as described in Clause 9.2.1. 
<Unchanged parts omitted>


Proposal 2:
· For PUCCH repetition for Msg4 HARQ-ACK, support more than 16 PUCCH resources in a cell.
· Additional PRB offset  from the original cell-common PRB offset  can be configured via SIB.
· If configured, whether the additional PRB offset is applied or not is indicated via one MSB bit of MCS field in DCI format 1_0 with CRC scrambled by TC-RNTI.
· Adopt the following TP for TS 38.213.
	9.2.1	PUCCH Resource Sets
<Unchanged parts 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  is indicated by one MSB bit of MCS field in DCI format 1_0 with CRC scrambled by TC-RNTI if [RRC parameter] is provided; 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 omitted>
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