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Introduction
In RAN1#111 meeting, the following agreements were made for coverage enhancement for NR NTN, including PUCCH enhancements for Msg4 HARQ-ACK and DMRS bundling for PUSCH [1]:
Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling

[bookmark: _Hlk121490906][bookmark: _Hlk121490890]Working assumption
[bookmark: _Hlk121490926]For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion

In this contribution, we provide our analysis and view on the procedure and signaling to support PUCCH repetition for Msg4 HARQ-ACK, including semi-static/dynamic indication of repetition factor, PUCCH repetition request and reusing existing DCI field for indication. Then, we discuss the necessity of the enhancement on DMRS bundling when considering NTN-specific time and frequency pre-compensation.

Coverage enhancement for NR NTN
PUCCH enhancement for Msg4 HARQ-ACK
In the last meeting, the high-level procedure to support PUCCH repetition for Msg4 HARQ-ACK was extensively discussed. However, companies’ view on semi-static or dynamic indication of repetition factor are divergent. To help the topic move forward, FL provides a working assumption as follows:
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· [bookmark: _Hlk126683611]One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


Regarding the working assumption, we note that in RRC connected state, both semi-static and dynamic PUCCH repetition are supported, and the specific manner depends on the dedicated PUCCH configuration. In this matter, the working assumption provides a similar solution to support semi-static and dynamic indication simultaneously, and should be confirmed. For the last FFS bullet, in our understanding, the UE capability only depends on whether the UE can perform PUCCH repetition for Msg4 HARQ-ACK, so semi-static and dynamic indication correspond to the same UE capability.
Furthermore, we provide the coverage performance evaluation result of PUCCH for Msg4 HARQ-ACK under the reference scenario defined in the WID [2], as shown in Table 1. The target performance gap of 4.18dB can be compensated by at most 4 PUCCH repetitions. Considering the PUCCH resource used for 2 and 4 PUCCH repetitions are comparable, the semi-static indication method with a simpler procedure should be supported.
Table 1. Performance gap of PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 satellite
	
	Required SNR [dB]
	CNR [dB]
	Performance gap [dB]

	PUCCH for Msg4 HARQ-ACK
	-3.93
	-8.11
	4.18



Besides, Fig.1 depicts the UL CNR results for different elevation angle in NTN. It can be observed that the variation range of UL CNR within a satellite beam is small, even less than 2dB, which is the NTN-specific characteristic. Thus, a cell-specific indication of repetition factor can be applied to the UE which requests PUCCH repetition to gNB.
[image: ]
Fig 1. UL CNR with different elevation angle in NTN.
Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 

For the FFS bullet in the working assumption, PUCCH repetition request and repetition capability report provides somewhat duplicated functionality. On the one hand, if the UE requests PUCCH repetition to gNB, it implies the UE is capable of PUCCH repetition and has coverage issues. On the other hand, if the UE is incapable of PUCCH repetition, it will not request repetition to gNB, even when it has coverage issues. The repetition request is a more reasonable approach, which takes both repetition capability and coverage performance into account, and should be supported for PUCCH repetition for Msg4 HARQ-ACK. 
Proposal 2: The repetition request, taking both repetition capability and coverage performance into account, should be supported for PUCCH repetition for Msg4 HARQ-ACK.
To enable PUCCH repetition for Msg4 HARQ-ACK, the UE needs to send PUCCH repetition request to gNB before Msg4. To this end, the request can be conveyed by Msg1 or Msg3, and the detailed design on signalling and procedure can be further discussed. For example, if the request is transmitted by Msg3 PUSCH, there may be an ambiguity issue on the repetition request when UEs with and without repetition request send Msg3 PUSCH simultaneously.
Proposal 3: RAN1 further discusses how to request PUCCH repetition to gNB.
[bookmark: _Hlk126699974]When multiple PUCCH repetition factors from {1,2,4,8} are configured in SIB, the gNB should further determine and indicate the specific repetition factor to UE in DCI. For dynamic indication manner, it is natural to use DCI 1_0 scheduling Msg4 PUCCH for indication, so that different PUCCH repetition factor can be utilized for each Msg4 PUCCH transmission. For backward compatibility reasons, reusing 1 or 2 bits of the existing field in DCI 1_0, e.g., PRI field, HARQ process number field, MCS field and DAI field, can be further discussed.
Proposal 4: For dynamic indication, reusing 1 or 2 bits of the existing field in DCI 1_0, e.g., PRI field, HARQ process number field, MCS field and DAI field, can be considered.

DMRS bundling for PUSCH
In RAN1#111 meeting, companies have different views on the necessity of enhancements for PUSCH DMRS bundling in NTN, and the following agreements were made:
Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


Phase difference due to timing drift and/or doppler shift: 
For R17 DMRS bundling, the maximum allowable phase difference within a measurement time window is specified in Table 6.4.2.5-1 of 38.101-1, assuming no phase consistency violating events in between. In this matter, the phase offset measurement is based on the phase response of the Tx chain, so timing drift and doppler drift are not considered when RAN4 defined the phase continuity requirement.
Table 2. Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 
(NOTE 2)
	Phase difference between slot 0 and any slot p
(NOTE 3)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees
	[30] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	
	

	NOTE 1: The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.
NOTE 2: This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.



In NTN scenario, the timing drift and doppler drift always exist due to satellite movement. For example, according to Table 4.2-2 in TR 38.821, the max doppler shift is 24ppm and the max doppler shift variation is 0.27ppm/s for LEO600 satellite, resulting in phase difference across PUSCH repetition. However, a general concern from our side is that when RAN4 defined phase continuity requirement in Table 2, RAN4 did not consider NTN scenario and therefore the defined requirement margin is not supposed to cover the phase difference caused by timing drift and/or doppler shift. Thus, even companies evaluated/observed that the phase difference may still meet the RAN4 requirement as such without update, we however find that it is not fair -- as we have eaten up the margin which was not supposed to cover the NTN-specifics.
Observation 1: The phase continuity requirement in 38.101-1 does not consider NTN scenario and the defined requirement margin is not supposed to cover the phase difference caused by timing drift and/or doppler shift.
UL pre-compensation with DMRS bundling in NTN: 
On the other hand, in Rel-17 DMRS bundling, a series events that violate power consistency and phase continuity are identified, including uplink timing adjustment in response to a TA command, where the time domain window used for DMRS bundling is interrupted as shown in Fig 2. 
[image: ]
Fig 2. Uplink TA violates power consistency and phase continuity for DMRS bundling.
[bookmark: _Hlk118213153]In NR-NTN, the UE is required to use the UE self-estimated TA and doppler shift to perform UL time and frequency pre-compensation for the service link, which is transparent for the network. In this case, phase continuity is not maintained anymore, but the network is not aware of the event. Therefore, the UL time/frequency pre-compensation should be defined as a new event which causes power consistency and phase continuity not to be maintained.
Proposal 5: For DMRS bundling in NTN, the UL time/frequency pre-compensation should be defined as a new event which causes power consistency and phase continuity not to be maintained.

Conclusion
In this contribution, we present our view and analysis on PUCCH enhancement for Msg4 HARQ-ACK and necessity of enhancement on PUSCH DMRS bundling. The following observations and proposals are made:
Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
Proposal 2: The repetition request, taking both repetition capability and coverage performance into account, should be supported for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 3: RAN1 further discusses how to request PUCCH repetition to gNB.
Proposal 4: For dynamic indication, reusing 1 or 2 bits of the existing field in DCI 1_0, e.g., PRI field, HARQ process number field, MCS field and DAI field, can be considered.
Observation 1: The phase continuity requirement in 38.101-1 does not consider NTN scenario and the defined requirement margin is not supposed to cover the phase difference caused by timing drift and/or doppler shift.
Proposal 5: For DMRS bundling in NTN, the UL time/frequency pre-compensation should be defined as a new event which causes power consistency and phase continuity not to be maintained.
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Appendix 
Simulation assumptions
Table 4. PUCCH for Msg4 HARQ-ACK simulation assumption
	Parameter
	Value

	PUCCH format 
	Format 1, 1bit UCI.

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	Number of UE transmit chains
	1 

	Repetitions
	wo repetition.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB
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