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1.	Introduction
In RAN4#98-e, the NTT UL frequency synchronization requirements were discussed in [1-3]. Since no censuses was reached, the frequency synchronization requirement was captured as one of open issues in the WF [4]. In this paper, we provide our view on UL frequency synchronization requirements in NTN system.
2. 	Discussion
The compensation for frequency offset is performed by UE with the information from satellite ephemeris and GNSS- device location. The principle of Doppler compensation is as following: UE acquires the position information using in-device GNSS receiver and decode the SIB to obtain the position and velocity for satellite. With those, UE could estimate the Doppler error and complete the compensation. Considering the potential difference between initial access in idle mode and UL transmission in RRC connect mode, we will discuss the frequency synchronization requirements from these two aspects.
Initial access synchronization requirements
In initial access case, UE shall decode the satellite ephemeris information carrying by SIB before initial uplink transmission. By using the location information from in-device GNSS receiver, UE could estimate the Doppler and compensate the frequency error. Since the timing is not sensitive in this scenario, UE could wait for the response from GNSS until send the RACH transmission. That means UE does not need to send the common to GNSS very often.
UL transmissions in RRC Connected State
In RRC connected mode, which is different from initial access/RRC Idle mode, UE transceiver could not get the most recent GNSS information prior to every UL transmission since UE GNSS receiver will experience intra-UE interruptions due to NR NTN UL transmission. Furthermore, GNSS receiver’s response time is in order of second while the time of PDSHC to PUCCH and UL grant to PUSH is in the order of milliseconds. With this tight timing requirement, UE has to read GNSS signals very often which results in a significant UE power consumption. To find a balance between UE power consumption and accuracy of acquiring the location information, UE has to reduce the frequency of reading GNSS information which will lead to the relaxation for frequency synchronization requirements. With that, we have the following observations and proposals:
Observation 1: With the tight timing requirement between GNSS receiver’s response and UL transmission timing, UE has to read GNSS signals very often which results in a significant UE power consumption.
Observation 2: To find a balance between UE power consumption and accuracy of acquiring the location information, UE has to reduce the frequency of reading GNSS information which will lead to the relaxation for frequency synchronization requirements.
Proposal 1: RAN4 to discuss the frequency synchronization requirements relaxation for connected mode. 
Proposal 2: FFS on whether to define a separate frequency synchronization requirement for idle mode.

3.	Conclusion
In this paper, we provide our view on UL frequency synchronization requirements in NTN system. In summary, we have the following observations and proposals:
Observation 1: With the tight timing requirement between GNSS receiver’s response and UL transmission timing, UE has to read GNSS signals very often which results in a significant UE power consumption.
Observation 2: To find a balance between UE power consumption and accuracy of acquiring the location information, UE has to reduce the frequency of reading GNSS information which will lead to the relaxation for frequency synchronization requirements.
Proposal 1: RAN4 to discuss the frequency synchronization requirements relaxation for connected mode. 
Proposal 2: FFS on whether to define a separate frequency synchronization requirement for idle mode.
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