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In the RAN1#106e meeting, there were some agreements and conclusions reached on UL time and frequency synchronization as the follows[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:
 ,
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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.

In this contribution, we further analyzed the remaining issues of UL timing and frequency synchronization in NTN system. Potential problems and solutions are presented.

Discussion 
0. Common TA and common drift rate indication 
At RAN1 #104-bis-e, it was agreed that TA calculation is based on the following equation:

Regarding common TA indication, it has agreed that it is network controllable and  with value of 0 is supported. However, when the RP is set in the satellite, common TA is not needed to indicate, instead, default 0 should be supported. By this way, the signaling overhead can be saved.
Furthermore, if the reference point is not configured at the satellite, feeder link timing change is needed to compensate it by the UE. Actually it will complicate UE implementation. Normally UE is required to compensate the service link TA, but if additional feeder link TA is compensated by the UE, the performance is not guaranteed. Instead, we prefer gNB to maintain the timing compensation of feeder link, because gNB can get accurate ephemeris information and GW/gNB position information. 
Another issue is the range of common TA. Currently it is ambiguous about the description of common TA. The common TA is determined as the RTD from the reference point to the satellite, i.e. by subtracting the delay compensated at the gNB from the feeder link RTD. If common TA configured by network is negative, that is, the reference point is on the service link, as a result, there would have two different timing drifts to be compensated. It complicates the implementation of UE and network.
Proposal 1: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 2: Common TA should be greater than or equal to 0 if indicated.

0.1 Ephemeris format 
Based on RAN1 #104b-e agreements, the following two options are considered. 
· 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 

In the RAN1 #105-e meeting, both ephemeris formats are agreed to support, including state vectors and orbital elements.
There are two remaining issues to be resolved, the first is how to indicate ephemeris information, and the second is the signaling design of epoch time.
For ephemeris information signaling, if both formats are to be indicated in the system information, total overhead should be controllable. In the contribution [2], typical signaling content is illustrated, which can be the starting point. Furthermore, for higher accuracy requirement of ephemeris information, we need to consider multi-level ephemeris information indication. For example, for set1 information, additional variation rate of velocity can be indicated. For set2 information, the orbital parameters can be divided into two parts, the first is corresponding to slowly varied parameters, like as M0, and second part is corresponding to fast varied parameters. Based on this context, on-demand higher accurate ephemeris information indication can be supported.
Proposal 3: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.  
0.2 TA margin
In the last meeting, to avoid that the UE over pre-compensates, we have achieved consensus for 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
We preferred option 1，because it may avoid the interference for symbol ahead by delaying  for PRACH transmission.
We object option 3, because common TA will be configured to zero if the reference point is set at the satellite. Then additional TA margin will enforce common TA is not equal to zero, which makes the reference point configuration doesn’t make sense. In our view, TA margin should not be linked to with common TA indication.
For the option 2 and option 4, they go to two extreme sides, either out of network control or causing additional overhead.
Proposal 4: PRACH transmission should be delayed by , to avoid over-pre-compensation during RACH procedure.

0.3 TA update
Based on RAN#104e-meeting agreements, close-loop TA and open-loop TA can be supported both. The remaining issue is how to combine these two methods. For the open-loop TA, it relies on UE implementation, which can be based on ephemeris information or based on DL signaling tracking. For close-loop TA, TAC command is used for TA updating. One possible issue is that due to long delay between the gNB and UE, TAC command is always coming later, but the autonomous TA has been conducted. That causes the TA unstable for close-loop TA and open-loop TA combination. In order to resolve this issue, UE should be able to stop UE autonomous TA compensation or predict the possible TA change for TA refinement when combining close-loop TA compensation. For example, UE can subtract the accumulated TA compensated by autonomous TA compensation during the period of close-loop TA generation. Then we propose:
Proposal 5: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.  
As agreed in RAN1, the Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

For this equation, there is one problem: if UE updates the  based on UE position and satellite position when UE is being in RRC-connected mode, old  will make TA estimation incorrect. For PRACH transmission phase in the initial access stage,  is equal to zero, but when using new UE position and satellite position to calculate the , the accumulative TA () will not be valid no longer. Furthermore, if same equation is used for initial access stage and after RRC connection stage, it means TA margin for the initial access stage is not valid.
Proposal 6: Need the clarification that  should be set to zero in case that UE re-calculates the  based on new UE position and satellite position not relying on previous TA information. 
  
1 Conclusion
In this contribution we discussed some issues of timing and frequency compensation, and provided technical solutions. The following proposals are presented.  
Proposal 1: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 2: Common TA should be greater than or equal to 0 if indicated.
Proposal 3: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.   
Proposal 4: PRACH transmission should be delayed by , to avoid over-pre-compensation during RACH procedure.
Proposal 5: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.  
Proposal 6: Need the clarification that  should be set to zero in case that UE re-calculates the  based on new UE position and satellite position not relying on previous TA information. 
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