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1. Introduction
In RAN1 #106 e-Meeting [1], the following agreements regarding the uplink time and frequency synchronization were made：
	
Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· [bookmark: _Hlk82609668]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:
· [bookmark: _Hlk82784259][bookmark: _Hlk83287536][bookmark: OLE_LINK3][bookmark: _Hlk83287197]When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

· [bookmark: _Hlk83570792]When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,


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.



[bookmark: _Hlk61360089]In this contribution, we further discuss on TA margin, TA update and NTN validity timers.
2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]The need of TA margin
When applying the TA pre-compensation in initial access, TA estimation bias may occur. Specifically, during the first acquisition of its UE-specific TA, the TA may be overestimated and not satisfy the timing synchronization requirements. In this case, the PRACH preamble will be received at gNB side in advance, leading to unwanted interference with previous slot or PRACH occasion. Hence, TA-margin was proposed to represent TA estimation bias. The need of TA-margin has been discussed since RAN1#103-e meetings, which depends on the timing synchronization requirements.
Based on the discussion in the last RAN1 e-meeting, some candidate options corresponding to TA margin were proposed:
· 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
From our understanding, option 1 aims to make PRACH transmission located at the center of the CP, and excludes the introduction of TA margin. However, there needs discussion on whether the delayed value described in option 1 is enough to avoid unexpected interference. Explicit TA margin indication in option 2 may cause extra signaling overhead. For option 3, extra signaling overhead of TA margin indication can be reduced by common TA configuration including TA margin. However, when the RP is located at satellite, common TA will be zero and no need to be provided by gNB, how to handle TA margin requires further discussion. As for option 4, UE self may not be able to know whether TA overestimation occurs.
[bookmark: _Ref83807360]Proposal 1: Further discuss TA-margin issue after timing synchronization requirements are determined.
3. TA update
TA update was discussed during previous RAN1 meetings and the remained issues include NTA update/accumulation,  and  update. 
For , it is UE self-estimated TA to pre-compensate for the service link delay between the satellite and UE. UE self can calculate it based on the obtained satellite ephemeris and GNSS location before UL transmission. The calculation of UE-specific TA can be left to implementation. 
 can be updated by using the broadcasted common TA parameters. The calculation formulas to be used for common TA can be discussed after common TA parameters are determined. 
Regarding , the following agreement was made in RAN1 meeting #104-e and #104-bis-e:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
In the last RAN1 e-meeting, the calculation formula of  was discussed. In our opinion, when UE receives TAC ( in msg2/msgB, TA value is calculated by UE based on the received TA command as . And the value of  in FFS can be equal to zero. 
When UE receives TAC ( in MAC CE, TA value is calculated as , and the value of  is TA value calculated based on last received TA command. Hence,  update based on TA Command field in msg2/msgB and MAC CE can follow the existing UE behavior in Rel-15/16.
[bookmark: _Ref83807775]Proposal 2: The calculation of UE-specific TA is up to UE implementation.
[bookmark: _Ref83807787]Proposal 3: Defer common TA calculation discussion after common TA drift parameters are determined.
[bookmark: _Ref83808012]Proposal 4: Not support to change existing NTA update specified in Rel-15/16, considering the following aspects.
· [bookmark: _Hlk83807957]When TAC (TA) is provided in msg2/msgB, UE receives the first adjustment and NTA is updated as follows:
, where TA is the TAC field in msg2/msgB.
· When TACs (TA) is provided by the MAC CE, NTA is updated as follows:
, where TA is the TAC field received in MAC CE command.
4. NTN UE Validity Timers
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Validity timers for open loop TA update was discussed in the last RAN1 e-meeting. And a validity duration configured by the network for satellite ephemeris data achieved a consensus. During the validity duration, UE can apply the satellite ephemeris without need to acquire new satellite ephemeris. For UE-specific TA update, UE uses acquired satellite ephemeris information and its own orbit to predict its specific TA. For common TA update, UE uses broadcasted common TA parameters for common TA estimation. When exceeding the validity duration, UE re-acquires satellite ephemeris information, and network updates common TA parameters and broadcasts these parameters to UE.
Besides, if validity durations are configured for satellite ephemeris and common TA respectively, there may be extra impact. First, applying two validity durations will increase the complexity of UE. Second, if the two validity durations are asynchronous, there may be a situation that either satellite ephemeris information or common TA parameters is updated while the other one is out of date, which would affect the accuracy of UL timing synchronization. In our view, if satellite ephemeris information is updated, common TA parameters needs to be re-calculated by network and informed to UE. Then common TA is updated based on latest common TA parameters. Satellite ephemeris and common TA are closely related to each other. Hence, only one validity timer configured for both common TA and satellite ephemeris information is sufficient.
[bookmark: _Ref83807818][bookmark: _Hlk83809303]Proposal 5: Support single validity timer configured for both satellite ephemeris information and common TA.
5. Conclusion
In this contribution, TA margin, TA update and NTN validity timers were discussed with the following proposals:
Proposal 1: Further discuss TA-margin issue after timing synchronization requirements are determined.
Proposal 2: The calculation of UE-specific TA is up to UE implementation.
Proposal 3: Defer common TA calculation discussion after common TA drift parameters are determined.
Proposal 4: Not support to change existing NTA update specified in Rel-15/16, considering the following aspects.
· When TAC (TA) is provided in msg2/msgB, UE receives the first adjustment and NTA is updated as follows:
, where TA is the TAC field in msg2/msgB.
· When TACs (TA) is provided by the MAC CE, NTA is updated as follows:
, where TA is the TAC field received in MAC CE command.
Proposal 5: Support single validity timer configured for both satellite ephemeris information and common TA.
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