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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During last RAN1 meeting, the detailed issues and corresponding TPs on coverage enhancement schemes for NTN scenarios were discussed and progress was reached [1]. In this contribution, we will discuss and share our views on the remaining issues of PUCCH repetition enhancements for Msg4 HARQ-ACK and clarification of DMRS bundling for PUSCH in NTN.
2. Discussion
2.1 UE behavior within TDW for DMRS bundling
For applying DMRS bundling in NTN scenarios, the issue on how to determine the nominal/actual TDW for NTN-specific PUSCH DMRS bundling has been discussed during previous meetings. And it is agreed that UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit, corresponding WA on the restriction and agreements on nominal/actual TDW determination are shown as below. 
	RAN1#112bis-e 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
RAN1#113 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
RAN1#114 Agreement
For NTN-specific PUSCH DMRS bundling,
· As UE capability report,
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.
RAN1#114 Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.


Regarding whether the restriction on UE performing TA pre-compensation update needs to be captured in TS 38.213 section 4.2, which was pointed out in the last RAN1 meeting but no consensus was reached. From our understanding, the actual TDW for NTN DMRS bundling is determined based on the existing events, and the description in TS 38.214 section 6.1.7 shown below, has already specified the UE behavior to maintain power consistency and phase continuity within the actual TDW for DMRS bundling including NTN scenarios. And according to the requirements on maintaining phase continuity, whether to perform TA pre-compensation update can be left to UE implementation. 
	[bookmark: _Toc146641104]6.1.7	UE procedure for determining time domain windows for bundling DM-RS
The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to frequency hopping, or in response to the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, or in response to the use of different spatial relations or different power control parameters for the two PUCCH transmissions of PUCCH repetition, or in response to any event not triggered by DCI or MAC-CE. The UE maintains power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, or the use of different spatial relations or different power control parameters for the two PUCCH transmissions of PUCCH repetition, or in response to an event triggered by MAC-CE, subject to UE capability. of dmrs-BundlingRestart [13, TS 38.306] and when pusch-WindowRestart or pucch-WindowRestart is enabled.


Regarding the TA adjustment mechanism for NTN-specific characteristics specified in section 4.2 of TS 38.213, from our perspective, the text is to illustrate the UE behavior on how to adjust common TA based on higher layer signaling in the NTN scenarios. Thus, we think there is no need to add the restriction on TA adjustment update since whether to perform TA pre-compensation update is up to UE implementation, and corresponding restriction of UE behavior has already been covered by the above sentences in TS 38.214. 
Proposal 1. For the UE behavior on not performing TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit, the current TS 38.214 already covers the requirement and further clarification may be not needed.  
2.2 Dynamic indication of PUCCH repetition
Regarding the enhancement scheme of PUCCH repetition for Msg4 HARQ-ACK in NTN scenarios, the procedure of PUCCH repetition for Msg4 HARQ-ACK was discussed. It is supported that PUCCH repetition for Msg4 HARQ-ACK can be determined and dynamically indicated by gNB with one or multiple repetition factors configured via SIB, and UE can report capability by higher layer signalling in Msg3 PUSCH based on RSRP threshold configuration. 
During previous meetings, the details of dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 when multiple repetition factors are configured have been discussed, corresponding agreements are shown as below. While for the case when single repetition factor is configured via SIB, whether dynamic indication can be used to enable/disable PUCCH repetition for Msg4 HARQ-ACK needs to be further discussed.
	RAN1#110bis-e Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated
RAN1#113 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.
RAN#101 Agreement
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
RAN1#114bis Agreement
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI for UE that has indicated capability of the PUCCH repetition, when multiple repetition factors are configured:
· the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 3rd and/or the 4th repetition factors is/are not configured, the corresponding codepoint(s) (i.e., ‘10’ and/or ‘11’) is(are) not used.


Regarding the case when single repetition factor is configured in NTN scenarios, we think the dynamic indication to enable or disable PUCCH repetition for Msg4 HARQ-ACK can be supported. Since gNB supports UEs with capability of repetition and legacy UE without repetition capability, it anyway should support both single transmission and multiple transmissions of PUCCH resources. Without the dynamic indication from gNB, the PUCCH repetition would always be used once the UE reports the capability. Then whether PUCCH repetition will be carried out depends on UE’s decision, and the gNB will lose the control. From our perspective, the decision of enabling or disabling of PUCCH repetition from gNB side is also very important. Therefore, we support the dynamic indication to enable/disable the PUCCH repetition when single repetition factor is configured via SIB.
Proposal 2. When single repetition factor is configured via SIB, dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI can be supported to enable or disable PUCCH repetition for Msg4 HARQ-ACK and the following PUCCH repetitions with common resources.
Regarding the dynamic indication for single repetition factor case, the DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI can be reused to indicate enabling/disabling of the PUCCH repetition, and the following options can be considered.
· Option 1: 2 bits are used to enable/disable the PUCCH repetition for Msg4 HARQ-ACK. ‘00’ of DAI field indicates the 1st (the only one) configured repetition factor, which means the configured repetition is enabled. Other values indicate the PUCCH repetition factor is not used or not enabled. 
· Option 2: 2 bits are used to enable/disable the PUCCH repetition for Msg4 HARQ-ACK, ‘00’ of DAI field indicates the repetition function is not enabled. And other values, not equal to 0, means the repetition factor will be used. 
· Option 3: The MSB of the 2bit DAI field is reserved, the LSB of is used for the indication of repetition factor. ‘0’ of LSB indicates the PUCCH repetition factor is disabled, ‘1’ of LSB indicates the PUCCH repetition factor is enabled.
For Option 1, 2 bits information can be directly used to indicate the enabling/disabling of PUCCH repetition for Msg4 HARQ-ACK, and the similar principle as dynamic indication for multiple repetition factors configuration is applied. For example, the single PUCCH repetition factor can be considered as the 1st repetition factor and mapped to ‘00’ of the DAI field, and when PUCCH repetition for Msg4 HARQ-ACK is not enabled by gNB, other values can be used. 
For Option 2, 2 bits of DAI field are also used regardless the configuration of repetition factor. Different from the mapping relationship in Option 1, ‘00’ of the DAI field will be used to indicate the PUCCH repetition factor is not enabled for the UE, while the other value, i.e., ‘01’,’10’ or ‘11’, means the repetition factor will be used for PUCCH repetition for Msg4 HARQ-ACK and PUCCH transmissions when dedicated PUCCH resource is not configured.
Regarding Option 3, only 1 bit of DAI field is needed to enable/disable the PUCCH repetition for Msg 4 HARQ-ACK, and another bit of DAI field can be reserved. Similar to Option 2, the mapping relationship between enabling/disabling of PUCCH repetition for Msg4 HARQ-ACK and values of DAI field also needs to be pre-defined, i.e., ‘0’ of LSB indicates the PUCCH repetition is disabled, ‘1’ of LSB indicates the PUCCH repetition is enabled. 
Proposal 3. When the single repetition factor with dynamic indication is supported, the DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI can be used as follows.
· Option 1: 2 bits are used to enable/disable the PUCCH repetition for Msg4 HARQ-ACK. ‘00’ of DAI field indicates the 1st (the only one) configured repetition factor, which means the configured repetition is enabled. Other values indicate the PUCCH repetition factor is not used or not enabled. 
· Option 2: 2 bits are used to enable/disable the PUCCH repetition for Msg4 HARQ-ACK, ‘00’ of DAI field indicates the repetition function is not enabled. And other values, not equal to 0, means the repetition factor will be used. 
· Option 3: The MSB of the 2bit DAI field is reserved, the LSB of is used for the indication of repetition factor. ‘0’ of LSB indicates the PUCCH repetition factor is disabled, ‘1’ of LSB indicates the PUCCH repetition factor is enabled.

3. Conclusions
In this contribution, we share our views on some issues on coverage enhancement to NTN scenarios. The proposals are summarized as follows:
Proposal 1. For the UE behavior on not performing TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit, the current TS 38.214 already covers the requirement and further clarification may be not needed.  
Proposal 2. When single repetition factor is configured via SIB, dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI can be supported to enable or disable PUCCH repetition for Msg4 HARQ-ACK and the following PUCCH repetitions with common resources.
Proposal 3. When the single repetition factor with dynamic indication is supported, the DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI can be used as follows.
· Option 1: 2 bits are used to enable/disable the PUCCH repetition for Msg4 HARQ-ACK. ‘00’ of DAI field indicates the 1st (the only one) configured repetition factor, which means the configured repetition is enabled. Other values indicate the PUCCH repetition factor is not used or not enabled. 
· Option 2: 2 bits are used to enable/disable the PUCCH repetition for Msg4 HARQ-ACK, ‘00’ of DAI field indicates the repetition function is not enabled. And other values, not equal to 0, means the repetition factor will be used. 
· Option 3: The MSB of the 2bit DAI field is reserved, the LSB of is used for the indication of repetition factor. ‘0’ of LSB indicates the PUCCH repetition factor is disabled, ‘1’ of LSB indicates the PUCCH repetition factor is enabled.
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