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Introduction
In this paper, NTN RRM requirements related to UE Pre-compensation in frequency domain are discussed. In section 2, the simulation results for UE Pre-compensation accuracy are provided. Regarding the NTN UE frequency error requirements, we proposed to re-use the TN frequency error requirement for the NTN UE, as discussed in section 3. In a RAN1 LS to RAN4 in [1], it was stated
As part of the WI NR-NTN-solution, under agenda item 8.4.2, RAN1 discussed the NTN UL synchronization requirements in terms of time alignment and frequency error for:
•	Initial access (i.e. PRACH transmission)
•	UL transmissions in RRC CONNECTED State. 
RAN1 identified the following questions that need clarification from RAN4:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: What are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Note-1: The questions above are related to the requirements for signal reception at gNB side.
Note-2: From RAN1 side we would like to have the requirements such that they are including the ”total accumulated error” in both time and frequency domain.

[bookmark: _Ref481671177]Simulation result of UE Pre-compensation accuracy with serving satellite PV ephemeris and orbital ephemeris
This section provides simulation result of UE Pre-compensation accuracy with GNSS-acquired device location and serving satellite ephemeris, including PV ephemeris and orbital ephemeris. The details of this method are provided in ANNEX A and ANNEX B (based on gravity) in [2]. 
Note for both ephemeris formats, it is not necessary to include the epoch time if it is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast.
[bookmark: _Ref61467003]The orbital parameters can be transformed to state vector position and velocity at epoch time t0 followed by propagation of satellite position and velocity to time t; or the orbital parameters can be propagated to time t followed by transform to state vectors position and velocity at time t. This is a choice of implementation in the UE that depends on accuracy and complexity of the propagation methods for UE pre-compensation for UL synchronization. 
The simulation result for LEO-600 km Set 1 is provided in the Figure 2, and also in Table 1 and Table 2 for PV ephemeris and orbital ephemeris, respectively. Even with very long prediction time ahead for pre-compensation (30s), after UE pre-compensate satellite Doppler on the service link, it can be observed that the residual frequency error can be accurate within 2.2 Hz (i.e., 0.0011 ppm or 1.1% of the error budget  ± 0.1ppm) for position and velocity ephemeris format; and accurate within 4.3 Hz (i.e., 0.0021 ppm or 2.1% of the error budget  ± 0.1ppm) for the orbital format. 
[bookmark: _Ref61467010][bookmark: _Ref68078878]Observation 1: UL frequency error contributed by UE pre-compensate satellite Doppler can be within 3% error budget of ± 0.1ppm, even with relatively infrequent updates to pre-compensation (e.g. 30 s). 
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Figure 2: Prediction of delay error and frequency error over service link

Table 1: Simulations of accuracy of propagation based on PV ephemeris
	Prediction time ahead for pre-compensation
	Doppler error (Hz) @ 2GHz
	Doppler error in ppm 
	percentage of the error budget  ± 0.1ppm 

	10s
	0.7 Hz
	<0.0003 ppm
	<0.3%

	30s
	2.2 Hz
	0.0011 ppm
	1.1%



Table 2: Simulations of accuracy of propagation based on orbital ephemeris
	Prediction time ahead for pre-compensation
	Doppler error (Hz) @2GHz
	Doppler error in ppm 
	percentage of the error budget  ± 0.1ppm

	10s
	1.3 Hz
	<0.0006 ppm
	<0.6%

	30s
	4.3 Hz
	0.0021 ppm
	2.1 %



UL frequency synchronization requirements
This is to address the open issue on Topic 6 NTN UL frequency synchronization requirement in the WF on NTN general part [3], and the corresponding proposals 6-1 ~ 6-3 in issue 6-1 in the Moderator’s summary R4-2103948 [4].RAN4 Topic #6: NTN UL frequency synchronization requirement
· Proposal 6-1: UE shall be able to compensate the frequency offset due to the satellite mobility when generating its UL carrier frequency. 
· Proposal 6-2: The UE modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB.
· Proposal 6-3: The UE residual frequency error shall be sufficiently low such that it can be considered included in the tolerated frequency error of ±0.1 ppm already captured in the specification.


One the proposal 6-1, this is already agreed in RAN1 in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE, as shown below in the status report in RAN 90e [5].RAN1 Agreements on “UL time and frequency synchronization”
	- An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
	- An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.

[bookmark: _Ref67997046]
[bookmark: _Ref68078881]Observation 2: RAN1 already agreed on an NR NTN UE shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link, in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE states. 

[bookmark: _Ref68078887]Proposal 1:  In line with RAN1 agreements, RAN4 should define frequency error requirements to cover the case where UE shall be able to pre-compensate the frequency offset to counter shift the Doppler experienced on the service link. The NTN frequency error requirement shall apply for both PRACH transmission and also UL transmission in RRC connected mode.

In the current TS 38.101 [3] for TN, the UE requirement on transmit signal quality regarding the frequency error is within ± 0.1 PPM: 
6.4.1	Frequency error
The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.

Based on the simulation result in section 2, after UE pre-compensate satellite Doppler, it can be observed that the residual frequency error can be still accurate within 3% frequency error budget of ± 0.1 ppm, even with relatively infrequent updates to pre-compensation (e.g. 30s). 
Since the performance impact due to the NTN UL frequency synchronization error of service link is limited, reusing the legacy TN frequency requirement for the NTN UE will have the minimal impact on both the network and UE implementation, so we propose the NTN UL frequency synchronization requirement is included as part of the UL frequency error requirement of ± 0.1ppm.

[bookmark: _Ref68078890][bookmark: _Ref61467098]Proposal 2:  Reuse the legacy TN UL frequency error requirement of ± 0.1ppm for the NTN UE. 

Conclusion
In this contribution, NTN RRM requirements related to UE Pre-compensation are discussed. We have the following observations and proposals:
Observation 1: UL frequency error contributed by UE pre-compensate satellite Doppler can be within 3% error budget of ± 0.1ppm, even with relatively infrequent updates to pre-compensation (e.g. 30 s).
Observation 2: RAN1 already agreed on an NR NTN UE shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link, in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE states.
Proposal 1:  In line with RAN1 agreements, RAN4 should define frequency error requirements to cover the case where UE shall be able to pre-compensate the frequency offset to counter shift the Doppler experienced on the service link. The NTN frequency error requirement shall apply for both PRACH transmission and also UL transmission in RRC connected mode.
Proposal 2:  Reuse the legacy TN UL frequency error requirement of ± 0.1ppm for the NTN UE.
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