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Introduction
During RAN4 #98-bis-e, the following LS reply was send to RAN1 (see R4-2106174):RAN4 would like to thank RAN1 for the LS on NTN UL time and frequency synchronization requirements. During RAN4#98bis-e meeting, RAN4 had extensive discussion on these 2 issues and would like to provide the following feedbacks to RAN1. 

Regarding question 2 on frequency synchronization, the following UE RF frequency error requirement is concluded in RAN4 for both initial access and RRC connected state:
· 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 gNB.
· RAN4 is still investigating whether there are any intra-gNB related aspects to consider associated with the above UE requirement
· Note: The gNB refers to RAN3 NTN architecture. 

Regarding question 1 on time synchronization, RAN4 discussion is still on-going. Additional LS will be sent once there is an agreement in RAN4.


However, in the LS Reply it is not clearly defined the exact percentage of Doppler shift pre-compensation to be taken into account in the budget. 
Therefore, the goal of this contribution is to further clarify the NTN UL frequency synchronization requirements related to NTN UE Doppler pre-compensation.




NTN UL frequency synchronization requirement 
The key requirement for NTN UL frequency synchronization is the frequency error of ±0.1 ppm w.r.t the frequency carrier expected by the gNB (according to NTN RAN3 architecture, see Figure 1), observed over a period of 1 ms.


Figure 1. NTN RAN3 architecture

Currently, this budget of ±0.1 ppm currently includes all the residual frequency errors due to frequency tracking error and crystal oscillator drifts, together with the Doppler shift pre-compensation. 
However, it is not (currently) clear which is the (tolerated) amount of Doppler shift pre-compensation resulted from satellite mobility pre-compensation at NTN UE side. This amount of tolerated Doppler shift pre-compensation can be further expressed in terms of percentage value with respect to the total budget of ±0.1 ppm.
RAN1 may use this Doppler shift pre-compensation budget to derive other required parameters such as the precision of ephemeris data, e.g. transmission periodicity, NTN UE acquisition periodicity and the NTN UE prediction parameters (e.g. method, maximum duration, etc.).
RAN4 may also use this Doppler shift pre-compensation budget to derive specific (accuracy) tests for the NTN UE side.
The following proposals can be therefore made:
Proposal 1: RAN4 to define the budget considered for the tolerated error on NTN UE Doppler pre-compensation related to satellite movement.
Proposal 2: The NTN UE Doppler pre-compensation shall be accurate to within x% value of ±0.1 ppm as observed over a period of 1 ms by the gNB. The value of x% is for FFS.
Note: The gNB refers to RAN3 NTN architecture. 

Proposal 3: The NTN UE Doppler pre-compensation shall be accurate to within 20% value of ±0.1 ppm as observed over a period of 1 ms by the gNB.
Note: The gNB refers to RAN3 NTN architecture. 

Proposal 4: RAN4 to derive specific accuracy test for NTN UE Doppler pre-compensation mechanism.

Conclusions
Proposal 1: RAN4 to define the budget considered for the tolerated error on NTN UE Doppler pre-compensation related to satellite movement.
Proposal 2: The NTN UE Doppler pre-compensation shall be accurate to within x% value of ±0.1 ppm as observed over a period of 1 ms by the gNB. The value of x% is for FFS.
Note: The gNB refers to RAN3 NTN architecture. 

Proposal 3: The NTN UE Doppler pre-compensation shall be accurate to within 20% value of ±0.1 ppm as observed over a period of 1 ms by the gNB.
Note: The gNB refers to RAN3 NTN architecture. 

Proposal 4: RAN4 to derive specific accuracy test for NTN UE Doppler pre-compensation mechanism.
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