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Introduction
In RAN1 #106-e, the following agreements have been made as a progress for the UL time/frequency synchronization [1]: 

Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed.

Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.

Agreement:
Serving satellite ephemeris 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

Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE
· Option 3: TA margin can be considered, and it is included within the Common TA
· Option 4: UE handles it via implementation

Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

· When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,


[bookmark: _Hlk81237118]Working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

[bookmark: _Hlk528874692]In this contribution, we further discuss on the remaining issues on UL time and frequency synchronization enhancements.
Remaining Issues
Validity timer for common TA
In RAN1 #106-e, the support of validity timer for satellite ephemeris was agreed, thus a UE doesn’t need to read SIB carrying satellite ephemeris each occasion until the validity timer expires. However, the support of validity timer for common TA is still open as well as the sharing the validity timer between satellite ephemeris and common TA.
Both satellite ephemeris and common TA parameters are used for UL synchronization and if one of them is outdated or exceed the maximum tolerable error, it will cause UL synchronization error. In addition, satellite ephemeris is closely related to the common TA parameters, therefore, it is straightforward to support a validity timer for common TA parameters and the validity timer can be reused for the common TA. Therefore, it is proposed to support a single validity timer for both satellite ephemeris and common TA.
Proposal-1: 	Support a single validity timer for both satellite ephemeris and common TA.

Satellite Ephemeris
In RAN1 #105-e, the support of both ephemeris formats (i.e., state vectors and orbital elements) has been agreed. However, which ephemeris format is used in each scenario is still not decided yet.
As GEO satellites are relatively stationary and therefore do not require information regarding orbital trajectories to track/predict movement, providing ephemeris location in coordinates seems to be a sufficient solution requiring less signaling overhead than via satellite orbital parameters
However, when considering LEO deployments, satellites orbit the earth with speeds up to 7.56 km/s. Within two times a typical RTD (~50ms), the satellite will have moved approximately 380m. Over the duration of several minutes, the satellite will have moved sufficiently to make coordinate-based ephemeris data obsolete, thus requiring frequent updates. One solution mentioned is to include an additional velocity vector to allow prediction, however as satellites typically travel on an elliptical or circular orbit, over large time scales such additional information is of limited use.
Observation-1: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Alternatively, representing LEO ephemeris data by orbital parameters which describe the general trajectory of the satellite allow the UE to predict the general position of the satellite over time. Several external influences such as atmospheric drag can cause deviation from the predicted orbit, introducing error to initial time/frequency pre-compensation estimates. However, considering RTD is relatively low in LEO satellites (on the order of tens of milliseconds) the error introduced should be relatively minor for at least the duration of initial access procedure. 
Observation-2: Over the timescales of initial access, error to orbital prediction introduced by e.g., atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.
The main challenge (as described in TR 38.821) is therefore the amount of data necessary to store and track the orbital parameters of many different satellites. However, considering several satellites may share an orbital plane and thus share common parameters, and may be pre-provisioning in e.g., uSIM can help reduce transmission requirements. Such enhancements are currently being considered in RAN2.
Based on the above observations, which ephemeris format to use can be determined based on the NTN deployment scenario to optimize the signaling overhead. For example, state vector can be used for the NTN deployment scenarios with low mobility (e.g., GEO) or unpredictable moving direction (e.g., HAPS); while orbital elements can be used for the high mobility NTN deployment scenarios (e.g., LEO).
Proposal-2:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-3:	State vector is used for GEO/HAPS and orbital elements is used for LEO.
Summary
In this contribution, we discussed on UL time/frequency synchronization issues. Based on the discussions, our observations and proposals are as following: 
Observation-1: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation-2: Over the timescales of initial access, error to orbital prediction introduced by e.g., atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.

Proposal-1: 	Support a same validity timer for both satellite ephemeris and common TA.
Proposal-2:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-3:	State vector is used for GEO/HAPS and orbital elements is used for LEO.
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