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1 Introduction
In RAN#111[1], the following were agreed for discussion on coverage enhancements for NR NTN.
	[bookmark: _Hlk127022253]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


This contribution involves the calculation of the maximum TDW duration by taking into account round-trip delay variation and Doppler shift variation. If the actual TDW duration exceeds this maximum value, the timing error and phase difference will no longer meet the requirement. Moreover, we discuss the PUCCH repetition for Msg4 HARQ-ACK.
2 DMRS bundling for PUSCH
The current DMRS bundling standards are specified based on the TN. The main restriction for DMRS bundling is maintaining power consistency and phase continuity. Since the round-trip delay variation is very low in the TN, the phase can maintain continuity while UE does not perform UE autonomous TA adjustment during the actual TDW. However, the satellite moves fast and significantly changes round-trip delay, which may make phase discontinuity and time non-synchronized. In this contribution, we calculate the maximum round-trip delay variation based on the previous agreement [2] with UE speed 0 km/h and discuss whether/how round-trip delay variation causes phase discontinuity and time non-synchronized.
As shown in Fig 1, the round-trip delay variation becomes larger with smaller elevation angles. The maximum round-trip delay variation  is 70.5 us/s and 79.8 us/s for LEO-1200 and LEO-600 at elevation angle 30 degrees.
 [image: ]
[bookmark: _Ref28963]Figure 1: Round-trip delay variation
The phase difference  can be calculated based on maximum round-trip delay variation, TDW duration , and channel bandwidth .

TS 38.101-1[3] specified the maximum allowable phase difference for DMRS bundling, as shown in Table 1. Phase difference should fall within 25 degrees between adjacent slots and 30 degrees between slot 0 and slot p. Since long TDW duration leads to more phase difference and may exceed the maximum allowable phase difference, we calculate the maximum configurable duration of TDW, which maintain the phase difference within 30 degrees. Table 2 is the maximum TDW size with different allocated bandwidth and satellite orbit. As shown in Table 2, the maximum allowable TDW size are 13.16 and 11.58 ms for LEO-1200 km and LEO-600 km with 1 PRB bandwidth.
Table 1: Maximum allowable phase difference for DMRS bundling [3]
	Phase difference between any slot p-1 and slot p
	Phase difference between any slot 0 and slot p

	[25] degrees
	[30] degrees



Table 2: Phase different result
	Satellite orbit
	 (kHz)
	Maximum TDW size (ms)

	LEO-1200
	180
	13.16

	
	360
	6.56

	
	720
	3.28

	LEO-600
	180
	11.58

	
	360
	5.8

	
	720
	2.9



Observation 1: Based on the maximum round-trip delay variation and maximum allowable phase difference, the maximum TDW size is 13 ms (slots) for LEO-1200 at elevation angle 30 degrees.
Moreover, since UE should not perform UE autonomous TA adjustment during the actual TDW, the timing error may exceed the timing error limit. Based on the timing error limit  specified in Table 7.1C.2-1 of 38.133 [4], the timing error limit is 0.94 us.

Thus, the TDW duration should be well considered to ensure the timing error is within 0.94 us. Fig. 2 shows the maximum allowable TDW duration without TA adjustment. For LEO-1200 km, the maximum TDW size are 13.4 and 11.78 ms at elevation angles 30 and 10 degrees; for LEO-600 km, the maximum TDW size are 11.84 and 10.41 ms at elevation angles 30 and 10 degrees. It can be observed in the figure that satellite orbit and elevation angle affect maximum TDW duration. The longer TDW duration is configurable while the satellite locates at a high elevation angle and orbit. If UE can not perform the autonomous TA adjustment during the actual TDW for NR NTN, the TDW duration should be determined based on satellite orbit and elevation angle.
[image: ]
[bookmark: _Hlk126017122]Figure 2: Maximum TDW duration for timing error boundary
Observation 2: To ensure that the timing error remains within the specified timing error limit, the maximum TDW size is as follows: 
· 13.4 and 11.78 ms slots for LEO-1200 at elevation angle 30 and 10 degrees
· 11.84 and 10.41 ms slots for LEO-600 at elevation angle 30 and 10 degrees
In NR NTN, UE should pre-compensate the frequency due to high Doppler shift to keep the frequency synchronized. UE computes the frequency Doppler shift by considering UE position and the satellite ephemeris [5]. Similar to the time pre-compensation, we discuss whether UE does not perform the frequency pre-compensation during the actual TDW causes phase discontinuity. Since UE does not perform the frequency pre-compensation, Doppler shift variation is the main issue leading to phase difference. We assume the Doppler shift variation  is 0.13 ppm/s and 0.27 ppm/s (max doppler shift variation) for LEO-1200 km and LEO-600km defined in Table 4.2-2 of TR 38.821 [6]. The phase difference can be calculated as
.
Fig. 3 is the phase difference of different TDW duration with max Doppler shift variation, the maximum TDW duration for LEO-600 km is 12.42 ms; and the maximum TDW duration for LEO-1200 km is 17.9 ms.
[image: ]
[bookmark: _Hlk126018556]Figure 3: Phase difference without frequency pre-compensation

Observation 3: If UE does not perform frequency pre-compensation during the actual TDW for NR NTN, the maximum TDW size is 17.9 and 12.42 ms for LEO-1200 km and LEO-600 km with max Doppler shift variation.

3 PUCCH repetition for Msg4 HARQ-ACK
During the last meeting, the working assumption was made to further study whether UE requests repetition or indicates repetition capability when UE receives one or more repetition factors configured via SIB. One or multiple repetition factors can address different scenarios. While UEs are located in high-elevation beam, the pathloss difference is negligible between UEs. Only one cell-specific (beam-specific) repetition factor via SIB does not cause serious resource waste. If UE has repetition capability, UE performs repetition with the repetition factor and does not need to request repetition; While UEs are located in low-elevation beam, the pathloss is different between UEs. One cell-specific (beam-specific) repetition factor via SIB causes resource waste. Multiple repetition factors can prevent resource waste. When UE receives multiple repetition factors, UE can determine the preference repetition factor and request repetition. 
Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK, if only one repetition factor is configured via SIB, UE can perform repetition without requesting repetition or indicating repetition capability.
Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, if multiple repetition factors are configured via SIB, UE can request repetition and perform repetition with dynamic repetition indication.
Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, the number of repetition factors depends on the elevation angle.
In the Msg3 PUSCH repetition procedure, UE requests Msg3 PUSCH repetition via separate preambles when the RSRP is lower than an RSRP threshold. For PUCCH repetition for Msg4 HARQ-ACK, besides downlink RSRP, UE can request repetition based on some additional information (e.g., satellite ephemeris) from SIB19 (if received) to accurately request the needed repetition. Considering the limited PRACH resource, if UE requests PUCCH repetition via PRACH, it needs additional PRACH segmentation, resulting in a higher collision probability. To prevent additional PRACH segmentation, support UE requests repetition via Msg3 PUSCH.
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, support UE requests the PUCCH repetition at least when the RSRP is lower than an RSRP threshold.
Proposal 5: To prevent additional PRACH segmentation, support UE request PUCCH repetition via Msg3 PUSCH.
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