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1 Introduction
In RAN#110bis-e [1], the following were agreed for discussion on NTN-specific PUSCH DMRS bundling.
	Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching


In this contribution, we calculate the round-trip delay variation for LEO and discuss the maximum size of TDW, which maintains the timing error and phase difference within the boundary. We also discuss the event when frequency pre-compensation violates phase continuity.
2 Round-trip delay variation calculation
[bookmark: _GoBack]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 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 for LEO
The maximum phase difference  (degree per ms) between the central subcarrier and edge subcarrier can be calculated based on maximum round-trip delay variation and channel bandwidth .

As shown in Table 2, the maximum phase difference for LEO with 1 PRB bandwidth is 2.28/2.59 degrees per millisecond. 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. Table 2 shows that phase differences between adjacent slots are within the maximum allowable phase difference 25 degrees. 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. As shown in Table 2, the maximum allowable TDW size is 13/11 ms for LEO-1200/600 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)
	 (degree/ms)
	Maximum TDW size (ms)

	LEO-1200
	180
	2.28
	13

	
	360
	4.57
	6

	
	720
	9.14
	3

	LEO-600
	180
	2.59
	11

	
	360
	5.17
	5

	
	720
	10.34
	2



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. Table 3 shows the maximum allowable slot duration without TA adjustment. The maximum TDW size is 13/11 ms for LEO-1200/600 to keep timing error within the timing error limit 0.94 us.

Table 3: Maximum TDW duration without TA adjustment
	Satellite orbit
	Round-trip delay variation
	Timing error limit
	Maximum TDW size (ms)

	LEO-1200
	0.0705 us/ms
	0.94 us
	13

	LEO-600
	0.0798 us/ms
	0.94 us
	11



Observation 2: To maintain the timing error fall within the specified timing error limit, the maximum TDW size is 13/11 slots for LEO-1200/600 at elevation angle 30 degrees.

3 Discussion on frequency pre-compensation
In NR NTN, UE should pre-compensate the frequency due to high Doppler shift to keep frequency synchronized. UE computes the frequency Doppler shift by considering UE position and the satellite ephemeris [5]. The pre-compensation accuracy is within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 [6]. Since the frequency pre-compensation may cause phase discontinuity, we discuss two even for frequency pre-compensation.
Case 1: UE does not perform the frequency pre-compensation during TDW
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 phase difference. We assume the Doppler shift variation is 0.13 ppm/s which is defined in Table 4.2-2 of TR 38.821 [7]. The phase difference between adjacent slot is  which exceed the maximum allowable phase difference (25 degrees) for DMRS bundling.
Observation 3: Phase difference cannot reach the phase difference requirement for DMRS bundling if UE does not update the frequency pre-compensation value during TDW for LEO-1200.
Case 2: UE performs the frequency pre-compensation with ±0.1 PPM frequency error
Since UE performs the frequency pre-compensation with frequency error, the receiving carrier frequency may change every slot and cause phase non-continuity. Considering the frequency error is 0.1 PPM, the phase difference between adjacent slot is  which exceed the maximum allowable phase difference (25 degrees) for DMRS bundling.
Observation 4: Phase difference cannot reach the phase difference requirement for DMRS bundling with ± 0.1 PPM frequency error for LEO-1200.
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