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Introduction
In this contribution, we present our view on the PUSCH DMRS bundling for NR NTN coverage enhancement from RAN1 LS [1].
Discussion
In LS[1], below observations and working assumption is made:
Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

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

In the working assumption in LS above, it is assumed that UE perform the pre-compensation to keep the phase rotation due to time drift within the phase difference limit. But it is not clear whether the UE will introduce additional time error when doing this pre-compensation, especially for the time adjustment due to time drift. Mathematically, the phase rotation in frequency domain could be equally exchangeable with the time shift in time domain, however, such operation is confined with a certain time drift as the phase rotation is wrapping around the 2pi for the least subcarrier frequency if the amount exceeding 360 degree.  In TS 38.133, it is specified that when NTN UE make the TA adjustment, there is a maximum time error of +/-130ns associated with it. Such time error will happen so long as UE makes time adjustment according to TA command. As UE estimates the time shift based on ephemeris data, there will be time error associated with the estimation and combining the phase pre-compensation limitation on compensating the time shift, it is not clear if the additional time error could be added when phase pre-compensation is performed by UE side during the TDW.

7.3C	Timing advance for satellite access
7.3C.2.2	Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions, apart from a change of  and  between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3C.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
Table 7.3C.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	N/A



[bookmark: _Ref137045021]It is not clear whether the UE will introduce additional time error when making the phase pre-compensation due to time drift in RAN1 working assumption.

In 38.213, the NTN UE pre-compensation is specified as below:
Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates the two-way transmission delay on the service link based on  that the UE determines using the serving satellite position and its own position. To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the UE determines [4, TS 38.211] based on one-way propagation delay  that the UE determines as:

where , , and  are respectively provided by ta-Common, ta-CommonDrift, and ta-CommonDriftVariant and  is the epoch time of , , and  [12, TS 38.331].  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .

However, there is no accuracy requirement associated with NTN UE phase pre-compensation and therefore it is not defined UE behaviour regarding the time error associated with NTN UE phase pre-compensation in TS 38.133. 
[bookmark: _Ref137045032]There is no time accuracy requirement regarding the NTN UE phase pre-compensation in TS 38.133.
Moreover, when DMRS bundling requirement is defined in TS 38.101-5, it is assumed there is no DL time change for such requirement:
Table 6.4.2.5-2: Measurement conditions for the maximum allowable phase difference
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	PCMAX,f,c in clause 6.2.4, P-MPR = 0

	UE downlink received power
	
	Not change

	Operating conditions
	
	Normal conditions

	Transmission bandwidth
	
	Confined within FUL_low + [4] MHz and FUL_high – [4] MHz

	DL signal frequency
	
	Not change before and during the measurement window

	DL signal timing
	
	Maintained constant before and during the measurement window

	UL slots for testing
	
	Tested on consecutive UL slots

	PUSCH waveform for testing
	
	DFT-s-OFDM



The DL timing change in NTN for Non-GEO will invalid the legacy DMRS bundling requirement and therefore it is a question whether the current DMRS bundling requirement still be valid or RAN4 should discuss the test conditions so as to extend legacy DMRS bundling requirements to NTN UE.
[bookmark: _Ref137045040]There is no DL time change in DRMS bundling requirement in TS 38.101-1 and therefore the DL timing change for Non-GEO brings question on the validity of the DMRS bundling requirement for NTN UE.
In TS 38.101-5, it is directly referred to the DMRS bundling requirement in TS 38.101-1, meaning the legacy DMRS bundling requirements apply to NTN UE. With the RAN1 LS[1], we recommend RAN4 opens the discussion on the DMRS bundling requirement applicability on NTN UE with below options:
1. DMRS bundling requirement in TS 38.101-1 does not apply to NTN UE, whether to introduce the DMRS bundling requirements for NTN UE is up to further RAN4 decision.
2. DMRS bundling requirement in TS 38.101-1 applies to NTN UE only for main requirement part (phase difference requirements).  RAN4 discuss the new test condition for NTN UE.
DMRS requirement is UE RF requirement and specified according to the base station tolerance on phase coherence between UE different transmission occasions. As TS 38.101-5 core work is finalized and we think it is more appropriate to go for option 2 which RAN4 can discuss new test condition for NTN UE.  However, to do this, RAN4 needs to further investigate how UE can meet the phase difference requirement with phase pre-compensation. This relates to confirm how much time error would be introduced to network at the time when UE makes the phase pre-compensation, especially during the DMRS bundling time window (TDW). 
[bookmark: _Ref137045050]RAN4 investigate the feasibility of an NTN UE to meet the DMRS requirement in the new test condition where DL time would be changing for non-GEO satellite.


Conclusions
In this contribution, we present our view on RAN1 LS[1] with below observations and proposals:

Observation 1 It is not clear whether the UE will introduce additional time error when making the phase pre-compensation due to time drift in RAN1 working assumption.
Observation 2 There is no time accuracy requirement regarding the NTN UE phase pre-compensation in TS 38.133.
Observation 3 There is no DL time change in DRMS bundling requirement in TS 38.101-1 and therefore the DL timing change for Non-GEO brings question on the validity of the DMRS bundling requirement for NTN UE.
Proposal-1: RAN4 investigate the feasibility of an NTN UE to meet the DMRS requirement in the new test condition where DL time would be changing for non-GEO satellite.
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