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In RAN#94e [1], the RAN1 part work for NR-NTN has been thought finished except following remaining issues.
· Type-2 HARQ codebook enhancements may be discussed.
· Serving satellite ephemeris information format for HAPS, if needed
· The UE specific K_offset has an open FFS on whether/how to resolve the ambiguity when cell-specific K_offset is changed/modified.
· Whether additional NTN validity durations are needed for GEO case
· HARQ feedback for SPS activation has one open FFS on which behavior the UE should follow in case it is not having feedback enabled via RRC configuration.
In this contribution, the remaining issues for UL synchronization are elaborated with corresponding analysis. 
UL timing synchronization
0. Validity duration for GEO case 
In RAN1#107e [2], the validity duration for serving satellite ephemeris and common TA is discussed and following agreement was achieved.
Agreement
NTN validity duration is configured per cell and indicated to the UE in X bits with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, Infinity}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO
Although the main candidate values have been agreed, whether and what additional large duration values should defined for GEO case are still FFS. 
In reality, the satellite mobility will be disturbed by various factors. Even in GEO cases, the satellite cannot keep a stationary ECEF coordinate. Therefore, setting the validity duration as infinity should not be supported.
Moreover, for GEO cases, where the validity duration can be longer than the modification period, the legacy SIB update procedure can be adopted for updating the ephemeris and common TA parameters, i.e., UE read SIB according to the indication from network. Hence, there is no need to introduce additional validity duration values for GEO. Instead, network can skip the configuration of validity duration in GEO case to indicate UE that legacy SIB update procedure is adopted. Network can guarantee the ephemeris and common TA parameters are timely updated through implementation. 
Proposal 1: Additional validity duration value for GEO is not supported. 
0. TA report
Regarding TA reporting, RAN2 has agreed to support it in RACH procedure.
For NR-NTN [3]
· Do not mandate Msg3/MsgA or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3/MsgA or Msg5. No spec change is needed for this.
· For the TA report triggering event which uses the offset threshold between current information about UE specific TA and the last successfully reported information about UE specific TA, no hysteresis or time to trigger is needed.
Although RAN2 has agreed the framework of TA report, the details of the procedure are still not clear, e.g., how to determine the reported TA value, which requires RAN1 discussion. The basic timeline of TA report is as shown in Figure 1 and Figure 2. From Figure 1, it can be observed that there could be obvious delay between the time instants of triggering TA report (t0) and real transmission (t2), which may include the round trip delay, scheduling delay and processing delay. Even if TA is reported in MsgA, where UL scheduling is not needed, there is still processing delay caused by TA calculation, encoding, modulation, etc. In order to ensure the latest TA is reported, the reported TA value should be determined based on the time instant of real UL transmission instead of when it is triggered. 
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[bookmark: _Ref20034]Figure 1 Timeline of TA report with UL scheduling, e.g., report in Msg3 and Msg5
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[bookmark: _Ref20054][bookmark: _Ref28794]Figure 2 Timeline of TA report without UL scheduling, e.g., report in MsgA 
Proposal 2: UE should determine the reported TA value based on the time instant of real UL transmission (with consideration on the processing delay) instead of the time instant of triggering.
Satellite ephemeris indication
0. Satellite ephemeris information format for HAPS
In RAN1#107e [2], the following agreement was achieved for satellite ephemeris format.
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
· Orbital parameter ephemeris format 18 byte payload
· Semi-major axis α (m) is 33 bits
· Range: [6500, 43000]km
· Eccentricity e is 19 bits
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits
· Range: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]
In the agreement, the ephemeris format for LEO/MEO/GEO has been agreed. While for HAPS, there is no agreement yet. 
[bookmark: _GoBack]It is preferred to confirm that the agreed format for LEO/MEO/GEO will also be applied for HAPS/ATG since the location of BS in corresponding scenarios can also be covered by the agreed position and velocity state vector format. Moreover, with same set of agreement, the compatibility can also be guaranteed for the UE in different application scenarios without additional complexity for implementation and standardization efforts, especially in the maintenance phase.
Proposal 3: Confirm that the agreed position and velocity state vector ephemeris format for LEO/MEO/GEO is also applied for HAPS/ATG.
Conclusions
In this contribution, analysis on the synchronization related remaining issues for NTN is conducted with following proposals and observations:
Proposal 1: Additional validity duration value for GEO is not supported. 
Proposal 2: UE should determine the reported TA value based on the time instant of real UL transmission (with consideration on the processing delay) instead of the time instant of triggering.
Proposal 3: Confirm that the agreed position and velocity state vector ephemeris format for LEO/MEO/GEO is also applied for HAPS/ATG.
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