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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN2 sent an LS on TA pre-compensation with the follows actions [1]:
[bookmark: _Hlk69893708]1) RAN2 respectfully requests RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time. 	
2) RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
3) RAN2 respectfully requests RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.
In RAN1#104bis-e, the related agreements are as follows [2]:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported
· 
Agreement:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.

[bookmark: _Ref129681832]In this contribution, we discuss the TA pre-compensation for UL time synchronization in NTN for the LS from RAN2. 
Discussion
Parameters to broadcast for TA pre-compensation
According to the TA applied by an NR NTN UE, the parameters broadcast for TA pre-compensation include parameters for  and serving-satellite ephemeris for service link delay. The value of   is common TA  offset dependent on the location of reference point (RP) where uplink and downlink frames are aligned and the value is determined by the RTD between RP and the satellite. Therefore, there are two potential solutions for common TA offset indication, the first solution is indicating  directly, the second solution is indicating position of RP and  is calculated by UE according the satellite ephemeris and RP positions. If RP for  varies frequently, it is more benefitial to use the first solution as three parameters (X, Y, Z) are needed for RP broadcast. When the RP is located gNB or a RU of the network, the information of RP will not update as frequent as , using the second solution can avoid frequent SIB reading for UL synchronization.
Observation 1: The value of  depends on the location of reference point (RP) where uplink and downlink frames are aligned and the value is determined by the RTD between RP and the satellite
Due to the movement of satellite, the common TA can change very quickly, e.g. the maximum delay variation of service link or feeder link can be up to +/- 45.4µs/sec for LEO-600km. The NR TA maintenance scheme which is based on closed loop MAC-CE indication will result in a large DL signaling overhead if it is applied in NTN to track the large TA variation caused by satellite movement. Therefore, it is beneficial to broadcast a common TA drift rate at the same time to reduce the signaling overhead and avoid frequent SIB1 decoding as the period of validity of common TA drift rate is much longer than common TA. The residual TA error can be compensated by closed loop TA command. The validity of TA rate will be decided by the elevation and the worst case is when the elevation is around 90°. The validity of TA drift rate is around 2.5s when TA error limit is 12Ts (timing error limit for SCS of 15 kHz). The validity can be much longer with increase/decrease of elevation. 
Therefore, common TA and common TA drift rate can be updated according to the validity of common TA drift rate and the validity can be calculated by the gNB according to the elevation and/or the variation of RP location for common TA. 
Observation 2: Appling a common TA drift rate at the UE can reduce the closed loop signaling overhead and avoid frequent SIB1 decoding.
Proposal 1: Broadcast parameters for serving-satellite ephemeris, common TA and common TA drift rate for TA pre-compensation.
Proposal 2: Common TA can be broadcast directly or broadcast by the corresponding location of reference positions.

UE-gNB RTT determination
UE-gNB RTT is equal to the sum of ,  and the timing offset between the UL and DL frame at the gNB, which is denoted as K_mac. It has been agreed in RAN1#104bis-e that K_mac will be provided by the network. Therefore, when K_mac is broadcast in the system information UE can calculate the UE-gNB RTT. 
Observation 2: UE-gNB RTT can be determined by ,  and Kmac.
UE specific TA report
For UL scheduling, cell specific Koffset, which is related to the maximum TA of one cell, is used for initial access. When Koffset is updated to the UE specific value, parameters for UE specific TA need to be reported by the UE. It should be noted that how to update Koffset has not been agreed and UE has no need to report UE specific TA for scheduling if Koffset is not update to UE specific level. The earliest time for UE to report its TA is in Msg3 or MsgA. The variation of UE-specific TA is related to the relative speed of satellite and UE. For example, the round trip delay variation of service link at 10° elevation for LEO600 is +/-45.4us/s and +/-47.6us/s when UE speed is 0km/h and 1200km/h, respectively. However, the Koffset values is not necessary to be varied as quickly as the UE-specific TA. For example, the unit of Koffset is slot, the time duration is 125us/slot with 120KHz SCS. With TA report of each 1s, the maximum TA variation of service link is still within one unit of Koffset. To reduce the overhead of UE-specific TA reporting, a UE-specific Koffset can be determined by the gNB side to ensure that the Koffset can cover the TA variation before the next TA report.
 Observation 3: The Koffset values is not necessary to be varied as quickly as UE-specific TA.
Proposal 3: A UE-specific Koffset can be determined by the gNB to ensure the Koffset can cover the TA variation before the next TA report.

Conclusion
In this contribution, we further discuss the issues of TA pre-compensation for UL time synchronization. The following observations and proposals are presented:
Observation 1:  dependents on the location of reference point (RP) where uplink and downlink frames are aligned and the value is determined by the RTD between RP and the satellite
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 2: Appling a common TA drift rate at the UE can reduce the closed loop signaling overhead and avoid frequent SIB1 decoding.
Observation 2: UE-gNB RTT can be determined by ,  and Kmac.
Observation 3: The Koffset values is not necessary to be varied as quickly as UE-specific TA.
Proposal 1: Broadcast parameters for serving-satellite ephemeris, common TA and common TA drift rate for TA pre-compensation.
Proposal 2: Common TA can be broadcast directly or broadcast by the corresponding location of reference positions.
Proposal 3: A UE-specific Koffset can be determined by the gNB to ensure the Koffset can cover the TA variation before the next TA report.
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