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Introduction
The following conclusions were reached in RAN1#111 meeting and captured in [1], which mainly focused on enhancements of PUCCH repetition for msg4 HARQ-ACK and DMRS bundling for PUSCH.
	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

Working assumption
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



[bookmark: OLE_LINK73][bookmark: OLE_LINK74]This paper further analyzes on the implementation of PUCCH repetition for Msg4 HARQ-ACK and the TDW size of DMRS bundling. We expressed our views on the above problems and proposed corresponding solutions as alternatives.

Discussion 
NTN-specific PUSCH DMRS bundling
In terms of NTN specific scenarios, according to the parameters of NTN scenarios from TR38.821[2], as shown Table 1, maximum Doppler is 21ppm. When 2GHz is applied, the maximum Doppler shift is 42KHz, and maximum Doppler shift variation is 260Hz/s, the duration of 100ms can cause maximum Doppler shift of 26Hz, which is much lower than the phase continuity requirement specified as Table 6.4.2.5-1 in TS38.101-1[3](± 0.1 PPM, 200Hz). For LEO-1200, timing error upper limit specified in[4] for satellite is 29Ts ≈ 0.944 us, the normal CP is 4.68us at 15kHz SCS. The maximum delay drift is shown with 2ms, 4ms, 8ms, 16ms, 32ms as highlight “blue text” for available TDW in Table 2. If the duration of UL repetition transmission for one TB is over 16ms, maximum timing shift can exceed timing error requirements, which will cause performance degradation because of timing shift. 
Observation 1: To meet phase continuity requirement, the tolerance of system performance to timing drift is far less than frequency shift. 

[bookmark: _Ref118107598]Table 1: Parameters of NTN reference scenarios in 2GHz S-band
	Platforms
	Altitude(km)
	Center Frequency
	Max Doppler shift variation(ppm/s)
	Max Doppler shift variation(Hz/s)
	Max Doppler (ppm)
	Max Doppler(KHz)

	LEO
	1200
	2GHz 
	0.13
	260
	21
	42



According to the analysis above, frequency shift caused by Doppler shift has almost no effect on synchronization, and timing shift can cause performance degradation significantly, so segment time-frequency pre-compensation should be applied at UL repetition transmission.
[bookmark: _Ref118364630]Table 2: maximum delay drift for NR NTN
	DMRS bundling TDW
	2ms
	4ms
	8ms
	16ms
	32ms

	Max Two-way Delay drift 
	0.1us
	0.2us
	0.4us
	0.8us
	1.6us



The segment duration of UL transmission is configured by the network. Duration of UL transmission segment for UE pre-compensation of PUSCH transmission is a number of PUSCH repetition units with one subframe. The network configures one of K candidate values for the UL transmission segment duration of PUSCH in a k-bit field. We propose that maximum 2-bit field with a maximum number of K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms. The UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
Proposal 1: Segment time-frequency pre-compensation should be applied at UL repetition transmission.
Proposal 2: The network configures maximum 2-bit field with K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms for segment duration.
If UE wants to keep power consistency and phase continuity cross PUCCH or PUSCH repetitions, the following conditions should be met within a repetition bundling
a) Modulation order does not change.
b) RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
c) No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213.
d) No updating on TA and frequency pre-compensation.
e) UEs can’t do antenna switching
Proposal 3: The Time Domain Window(TDW) size should be consistent with Segment duration on time-frequency pre-compensation.
PUCCH repetition for Msg4 HARQ-ACK
In the last meeting, we have achieved an agreement on work assumption that one or more repetition factors may be configured via SIB. One cell can be corresponding to one or multiple beam coverage. If one cell is corresponding to multiple beams, If only one repetition factor is configured via SIB, it is inflexible and will lead to resource waste for some UEs with high gain antenna. if UE doesn’t request repetition or indicate repetition capability, Some UEs cannot perform repetition limited by their capabilities or cause the waste of time domain resources due to mismatch of the repetition number.
Allowing UE to request repetition for msg4 HARQ-ACK is helpful to improve coverage and reduce the resource waste. The maximum of PUCCH repetition factor for MSG4 HARQ-ACK is 4 enough according the link budget for LEO-1200 set1 and simulation result. More repetition selection from {1, 2, 4} are configured via SIB and PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB. 
Observation 2: The number of repetitions configured in cell-specific manner is inflexible and will lead to resource waste. 
Proposal 4: Multiple repetition factors from {1, 2, 4} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically indicated by gNB, rather than only one repetition factor are configured via SIB.

But UE repetition request or UE repetition capability report must be finished before Msg3. How to report UE repetition capability should be discussed and studied further. One method is making use of mechanism of PRACH resource partition, i.e. different CE capability UE uses separated PRACH resource groups (e.g., separated PRACH occasion or separated PRACH preamble in case of shared PRACH occasions after SSB association, etc.). Network can identify the UE request from the PRACH signal. There are two issues, the first is UE capability to do repetition, and second issue is whether UE has the demand to make PUCCH repetition to improve the coverage. Actually even if UE has the capability to do PUCCH repetition but it doesn’t mean UE always to do repetition. In this sense, the request reporting would be more reasonable. How to indicate the request can reuse existing mechanism in which different preamble resource is used. Msg3 repetition request is based on some conditions, e.g., measured SS-RSRP threshold, which PUCCH for MSG4 HARQ-ACK may reuse. Or PUCCH repetition for MSG4 HARQ-ACK is based on MSG3 PUSCH repetition. Meanwhile, the Msg3 repetition times also may be indicated according to the UE repetition capability report. 
If only one repetition factor is configured via SIB and UE have repetition capability, UE perform the PUCCH repetition for MSG4 according to this repetition factor. Moreover, when repetition factor is not configured via SIB, UE may request repetition via PRACH resource partition and PUCCH repetition factor for Msg4 HARQ-ACK may be dynamically indicated by gNB. Another method, PUCCH repetition factor for Msg4 HARQ-ACK can establish a corresponding relationship with Msg3, which can be preconfigured.
Proposal 5: Reuse existing mechanism of separating PRACH resource to indicate UE repetition request for Msg4 HARQ-ACK repetition. 

The indication of the PUCCH repetition factor for MSG4 HARQ-ACK can reuse the repetition mechanism of Msg3. We think that Msg4 HARQ-ACK does not need an additional threshold of the RSRP of the downlink pathloss reference because of channel condition vary slowly within a short time. The repetition factor of Msg4 HARQ-ACK can establish a corresponding relationship with Msg3, which can be preconfigured according to the simulation results. In this way, gNB can determine repetition factor of Msg4 HARQ-ACK based on Msg3 signal quality. This scheme can minimize spec changes. The simulation results of Msg4 HARQ-ACK and Msg3 are shown in Figure 1 and Figure 2, and the demodulation thresholds of Msg4 HARQ-ACK and Msg3 are summarized in Table 1. The repetition factor of Msg3 is configured as {1,2,4,8,16}, and corresponding repetition factor of Msg4 HARQ-ACK is configured as {1,1,1,1,2}.
Proposal 6: gNB can determine repetition factor of Msg4 HARQ-ACK based on Msg3 signal measurement, rather than UE indication.  
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[bookmark: _Ref127091880]Figure 1 Performance of PUCCH for Msg4 HARQ-ACK
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[bookmark: _Ref127091890]Figure 2 Performance of Msg3 PUSCH

Table 1 Demodulation threshold of Msg4 HARQ-ACK and Msg3
	Rep_num
	Msg3（10-2）
	Msg4 HARQ-ACK（10-2）

	1
	0.4 dB
	-8.9 dB

	2
	-2.4dB
	-12.8dB

	4
	-5.3dB
	-16.1dB

	8
	-8.3dB
	-19.4dB

	16
	-11.3dB
	N/A




1 Conclusion
In view of the problems of coverage enhancement left over in the last meeting, we have the following suggestions:
Proposal 1: Segment time-frequency pre-compensation should be applied at UL repetition transmission.
Proposal 2: The network configures maximum 2-bit field with K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms for segment duration.
Proposal 3: The Time Domain Window(TDW) size should be consistent with Segment duration on time-frequency pre-compensation.
Proposal 4: [bookmark: _GoBack]Multiple repetition factors from {1, 2, 4} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically indicated by gNB, rather than only one repetition factor are configured via SIB.
Proposal 5: Reuse existing mechanism of separating PRACH resource to indicate UE repetition request for Msg4 HARQ-ACK repetition. 
Proposal 6: gNB can determine repetition factor of Msg4 HARQ-ACK based on Msg3 signal measurement, rather than UE indication.   
Meanwhile some observations are listed as follows:
Observation 1: To meet phase continuity requirement, the tolerance of system performance to timing drift is far less than frequency shift. 
Observation 2: The number of repetitions configured in cell-specific manner is inflexible and will lead to resource waste. 
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