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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

[bookmark: _Hlk146189713]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 within a TDW bundle. In the case of mentioned observation, for LEO 1200 and with 70.5 (us/s), the 1ms time slot can generate 2*pi* 1ms*70.5us/s * (6*12*15kHz) = 0.38 degree phase rotation between time slot on the upper subcarrier in the 6th RB from the DC subcarrier. If the channel would be 20MHz, and the 6 RB is allocated at the 50 RB away from the DC subcarrier,  the added phase rotation on the upper subcarrier in the 6th RB will be 2*pi* 1ms*70.5us/s * (50*12*15kHz) = 288 degree. This means even for 2ms TDW,  if 6 RB is allocated at 50 RB away from DC subcarrier, the network observed phase error will exceed the tolerated phase in the DMRS bundling requirement if no pre-compensation is applied at UE side which is current RAN1 working assumption. 
[bookmark: _Ref146199319]The network observed phase error will exceed the tolerated phase in the DMRS bundling requirement if 6 RB for DMRS bundling is allocated beyond the 6 RB from the DC subcarrier if no pre-compensaiton would be applied at UE side.

The above observation means that even though by pre-compensation UE can reduce the time delay, the phase error observed at network also relates to the RB allocation. Therefore, it may be difficult for UE to comply with the phase tolerance requirement if RB is allocated far beyond the DC subcarrier considering the time error after UE applies pre-compensation. As such, it is also a network task that does not “amplify” the phase error caused by time error after the UE delay pre-compensation.

When UE would apply the time pre-compensation, as illustrated in Figure 1, UE needs to create the time delay or time advance depending on satellite movement. If satellite move away from UE, the last several symbol may be overlapped with transmission with time advance of next time slot and therefore, these symbols need to be blanked to avoid overlapping receiving at network. This is not clear from RAN1 LS but it can be assumed such behaviour is specified in RAN1



[bookmark: _Ref146191181]Figure 1: UE apply time pre-compensation

On whether UE using the frequency domain time pre-compensation or not, it may not be much difference from network receiving perspective. As illustrated in Figure 2, for the black curve, UE delays its transmission with 1.5 period (e.g UE transmit at t=0.15 s). This is the same effect if UE would apply the time delay in frequency domain but keeping transmission at t=0 (e.g UE apply phase rotation at t=0). 
[bookmark: _Ref146199349]There is no difference from UE transmission for either delay transmission in time or compensating the time delay in frequency domain.


[image: ]
[bookmark: _Ref146191406]Figure 2: time pre-compensation vs delayed transmission with time delay of 1.5 period of sine wave

UE needs to estimate the time delay before applying the pre-compensation, therefore, the time error caused by estimation also play role. The time error caused by estimation depends on UE position and satellite position and UE velocity and satellite velocity. For detailed estimation, below formula can be referred:
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 .
So UE needs to estimate the pre-compensation using the serving satellite position and its own position. If it predicts the pre-compensation for a time instant in the future, the accuracy of the pre-compensation will depend on the accurately predict the UE position and statellite position. Assume UE position is accurate enough based on GNSS and UE velocity is low compared to satellite, the below discussion focus on satellite positioning and velocity error.
To investigate how accurately the position and velocity of a satellite can be predicted based on orbital elements, orbital data from Eutelsat is analyzed in [5]. The data consists of both orbital elements (a, e, ω, Ω, i, M0) and state vectors (x, y, z, vx, vy, vz) for every second of two hours of a LEO satellite orbit at approximately 535 km altitude. The orbital elements at a given time t are used to predict the satellite position and velocity at time t+Δt using the algorithm described in [6]. The predicted position and velocity are compared to the actual satellite position and velocity from Eutelsat state vector data and the error magnitudes are calculated. This is repeated for all available times t in the data files and for Δt ranging from 1 s to 120 s. The maximum (over t) prediction error magnitude for satellite position and satellite velocity are shown in Figure 3 and Figure 4, respectively. The results indicate that prediction from orbital elements is possible with acceptable accuracy in the order of tens of seconds or possibly minutes ahead in time, depending on the required accuracy.
It can be observed that for a low orbit satellite which speed is 7.8km/s, the velocity estimation error of several m/s can be ignored. If the satellite position error is 100m predicted at around 90 seconds, the time error could be 100m/3e8m/s = 333 nano seconds. In Figure 3, it shows that if the prediction time would be reduced to 20 seconds, the estimation positioning error could be 10m, which corresponding to the time error of 33ns. The time error can be 3.3 ns if the positioning error is 1 m predicted at 2 seconds. There is a limitation to reduce the time error as the periodicity of updating the ephemeris data has limitation.
[bookmark: _Ref146208510]The time error that can be achieved is relating to the prediction time and also is limited to periodicity of updating of ephemeris data.
It can be observed that with 20 seconds prediction time, the time error can be 3.3 ns. Using an example in previous discussion, the phase error observed with 50 RB distance to DC subcarrier will be 2*pi* 3.3ns * (50*12*15kHz) = 3.24*3.3 =10.7 degree.  If network would allocate UE RB at 10 RB away from its DC subcarrier, such phase error would be 1.07 degree which is fine to be tolerated. When considering the round trip time pre-compensation, the error will be doubled but seems still fine (2 degree for round trip time pre-compensation)
[bookmark: _Ref146271436]To reduce the phase error observed by Network due to the time error after the UE pre-compensation, network need to allocate RB to UE at RB position less than 10 RB to its DC subcarrier.
However, there is no accuracy requirement associated with phase pre-compensation. Therefore, it is a question whether there is any implementation limitation on the accuracy achieved by UE pre-compensation. The transmission error Te specified in 38.133 is specified below. As the NTN UE delay pre-compensation is mandatory function so below Te could be regarded as the achievable time error in a magnitude of the 29*64* Tc = 928 ns. This is far beyond what is needed for phase pre-compensation for DMRS bundling within the TDW.
[bookmark: _Ref146271447]NTN UE Te is specified in a magnitude of the 928 ns and such time error should be reduced 100 times to make it meaningful for phase pre-compensation for DMRS bundling within the TDW.

Table 7.1C.2-1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



The DMRS bundling requirmenent can be used for indirectly specifying the phase pre-compensation, the test itself needs to target the phase pre-compensation function.
[bookmark: _Ref146733103]DMRS bundling requirement can be indirectly used as specification of the for the phase pre-compensation accuracy.

[image: ]
[bookmark: _Ref61870937]Figure 3: Max position prediction error versus prediction time.
[image: ]
[bookmark: _Ref61871307]Figure 4: Max velocity prediction error versus prediction time.


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 RAN plenary discussion, summary in [2] reach below consensus:
· Further discuss TE-emulated channel model with delay and Doppler shifts matching the satellite propagator model in future release i.e. Rel-19
It can be observed that without the TE emulated channel model, there is no way the UE can detect the time delay change and thus apply the time pre-compensation. So it is not testable for NTN UE when it applies the time pre-compensation. 
Considering the discussion above, network could limit the TDW size (e.g 2 time slots) for DMRS bundling for LEO 1200 or other constellation which may cause phase tolerance issue for DMRS bundling. It can be discussed if a UE capability is needed also if the phase pre-compensation would be tested in special case, e.g. LEO 1200 with elevation angle 30 deg (RAN1 LS case). Therefore, UE can differentiate the cases for DMRS bundling to support other constellation, e.g GSO but not NGSO.
[bookmark: _Ref146199407][bookmark: _Hlk146198292]RAN4 discuss whether the new UE capability on DMRS bundling TDW is needed for non-GEO satellite.
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 below:
1. [bookmark: _Ref146199418]DMRS bundling requirement in TS 38.101-1 applies to NTN UE 
2. [bookmark: _Ref146199422]DMRS requirement can be tested for GSO, may not be testable for non-GSO in rel-18.

[bookmark: _Ref137045050][bookmark: _Ref146199492]RAN4 discuss the recommendation below:
· DMRS bundling requirement in TS 38.101-1 applies to NTN UE, both GSO and non-GSO.
· DMRS requirement can be tested for GSO, may not be testable for non-GSO in rel-18.

Conclusions
In this contribution, we present our view on RAN1 LS[1] with below observations and proposals:
Observation 1 The network observed phase error will exceed the tolerated phase in the DMRS bundling requirement if 6 RB for DMRS bundling is allocated beyond the 6 RB from the DC subcarrier if no pre-compensaiton would be applied at UE side.
Observation 2 There is no difference from UE transmission for either delay transmission in time or compensating the time delay in frequency domain.
Observation 3 The time error can be achieved is relating to the prediction time and also is limited to periodicity of updating of ephemeris data.
Observation 4 To reduce the phase error observed by Network due to the time error after the UE pre-compensation, network need to allocate RB to UE at RB position less than 10 RB to its DC subcarrier.Observation 5 NTN UE Te is specified in a magnitude of the 928 ns and such time error should be reduced 100 times to make it meaningful for phase pre-compensation for DMRS bundling within the TDW.
Observation 4 To reduce the phase error observed by Network due to the time error after the UE pre-compensation, network need to allocate RB to UE at RB position less than 10 RB to its DC subcarrier.
Observation 5 NTN UE Te is specified in a magnitude of the 928 ns and such time error should be reduced 100 times to make it meaningful for phase pre-compensation for DMRS bundling within the TDW.
Observation 6 DMRS bundling requirement can be indirectly used as specification of the for the phase pre-compensation accuracy.
Observation 7 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 discuss whether the new UE capability on DMRS bundling TDW is needed for non-GEO satellite.
Proposal-2:RAN4 discuss the recommendation below:
· DMRS bundling requirement in TS 38.101-1 applies to NTN UE, both GSO and non-GSO.
· DMRS requirement can be tested for GSO, may not be testable for non-GSO in rel-18.
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