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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the remaining issues of time and frequency synchronization in NTN. 
2 [bookmark: _Ref129681832]Discussion
2.1 Velocity range for ephemeris 
In RAN1#107-e [1], the following were agreed for serving satellite ephemeris bit allocations Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity

The satellite velocity is indicated by a three-dimension vector, i.e., [vx, vy, vz]. For each element of the velocity vector, e.g., vx needs 18 bits to quantize given a total 54-bits field size for velocity. In this case, the velocity range is calculated as , with the quantization step being 0.06m/s and 1 bit indicating the sign of vx. Therefore, the velocity range cannot support up to +/- 8000 m/s.
Therefore, we have the following observation.
Observation 1: The velocity range (+/- 8000 m/s) is not correct for the current agreement of field size and quantization step.
Thus, we have the following proposal
Proposal 1: The velocity range of +/- 8000 m/s is updated to [-7864, 7863] m/s according to the bit allocation and granularity. 
2.2 Satellite Ephemeris Epoch Time Indication
According to the agreements in RAN1#106bis-e [1], the serving satellite ephemeris epoch time is implicitly known by the UE which means no UTC time will be provided. 
According to the agreement in RAN1#107-e [2], the epoch time of serving satellite ephemeris and Common TA when explicitly provided is the starting time of a DL subframe, indicated by a SFN and a sub-frame number signalled together with the assistance information. The reference point for the epoch time is the uplink time synchronization reference point.
The uplink time synchronization reference point could be the satellite or the gNB as illustrated in Figure 1.RAN1#106bis-e
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.
RAN1#107-e
Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
Agreement
· The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.
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Figure 1. Uplink time synchronization reference point
Given the satellite ephemeris and epoch time, a UE can predict the satellite position based on orbit propagator at any given time instance in the future. The satellite position is needed to determine the delay of the service link so that the UL timing for an UL transmission can be derived. 
· When the uplink time synchronization reference point is at the gNB (Figure 1 (a)), Delaycommon and DelayUE-specific should be known to obtain t0 from the starting time of a DL subframe or the end of a SI window (tref). To obtain Delaycommon and DelayUE-specific, UE should know the ECEF coordinate of the Satellite at tref-Delayspecific (equal to t0+Delaycommon). It should be noted that typically the satellite orbit propagator can achieve a better accuracy in the ECI coordinate frame. If a high precision orbit propagator is applied at the UE in ECI, an ECI to ECEF coordinate conversion is required at tref- DelayUE-specific. This conversion requires the absolute time of the tref-DelayUE-specific (e.g. UTC). 
· When the uplink time synchronization reference point is at the satellite (Figure 1 (b)), DelayUE-specific should be known to obtain t0 from the starting time of a DL subframe or the end of a SI window (tref). Similarly, if a high precision orbit propagator is applied at the UE in ECI frame, the UE needs to know the absolute time of the tref- DelayUE-specific.
In order to get the absolute time at the UE, one possible way is to get the UTC time from GNSS. Another way is to get the UTC time from SIB9 which is already supported in NR. Even though there is no specification impact, one may need to allow for different implementations in practice.
Observation 2: A UE needs the absolute time (e.g. UTC) of the starting time of a DL or end time of a SI in order to achieve a better satellite propagator accuracy.
Observation 3: How to acquire the absolute time can be up to UE implementation without any additional specification effort.
3 Conclusion
In this contribution, we further discuss the issue of UL time and frequency synchronization enhancement for NTN, the following observations and proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The velocity range (+/- 8000 m/s) is not correct for the current agreement.
Proposal 1: The velocity range of +/- 8000 m/s should change to [-7864, 7863] according to the bit allocation and granularity. 
Observation 2: A UE needs the absolute time (e.g. UTC) of the starting time of a DL or end time of a SI in order to achieve a better satellite propagator accuracy.
Observation 3: How to acquire the absolute time can be up to UE implementation without any additional specification effort.
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