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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#103e, the agreements related to time and frequency synchronization is as following:
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In this contribution, we discuss the issues related to time synchronization. 
2 Discussion
It is already agreed to support common timing offset indication before PRACH transmission, and whether the indication is a TA or a time offset value is FFS. If it is a TA, then the unit is same as legacy TA command, e.g. 16*64/2u*Tc, and if it is a time offset, the unit can be separately configured explicitly or implicitly. The indicated common timing offset is corresponding to the RTT between the satellite and the reference point. The reference point is where the DL and UL frame are aligned. The selection of TA command unit in legacy release is to address UE moving within the cell coverage area. However, the common timing offset indication is due to moving of satellite, so the unit of common timing offset can be a larger value to save signaling overhead. In this case, the formula in last meeting should be updated as:
TA=(NTA+NTA,offset)*Tc+X
Where NTA is derived from the UE specific TA self-estimation.
X is derived from the common timing offset if broadcasted by the network.
NTA,offset depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
Tc is specified in TS 38.211 section 4.1.
Proposal 1: The unit of common timing offset indicated can be different from that of TA command and separately configured.
Regarding whether TA margin indication is necessary or not, as common TA indication is already agreed, and the common TA can absorb the maximum TA uncertainty, so TA margin indication is not need.
Proposal 2: TA margin indication is not supported.
There is also discussion on the TA update in RRC connected state. There are two kinds of TA update methods: open-loop and close-loop. Open-loop TA update can be based on GNSS to calculate the RTT between UE and satellite (e.g. satellite moving) or based on DL RS to track the small-scale change of RTT, e.g. UE moving. Close-loop TA update is based on TA command indication from gNB. The TA indicated from gNB may also include a timing drift rate as satellite moving. There are concerns on the redundancy when UE estimates the RTT change between UE and satellite based on GNSS and gNB indicates the RTT change between UE and gNB simultaneously. From our perspective, the open-loop TA update can be for the RTT between UE and satellite, and the close-loop TA update can be for the RTT between the satellite and the reference point. The reference point is where DL and UL frames are aligned. The close-loop TA indication can be based on a value and a drift rate. The value can be the common timing offset value indicated in system information, and the drift rate is corresponding to the RTT change rate of the link between satellite and the reference point.
Proposal 3: Support indication of timing offset drift rate.
Furthermore, for NTN based on regenerative payload, the TA change rate is proportional to the satellite velocity’s component along the UE-satellite line, which is also proportional to the Doppler shift observed by the UE. Therefore, the UE can use Doppler measurements to estimate a TA change rate and update the TA value with lower-overhead signaling. 
3 Conclusion
In this contribution, we discussed the issues related to TA in NTN network, and our proposals are as following:
Proposal 1: The unit of common timing offset indicated can be different from that of TA command and separately configured.
Proposal 2: TA margin indication is not supported.
Proposal 3: Support indication of timing offset drift rate.
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Ag reement:   An  NTN  UE in RRC_IDLE and RRC_INACTIVE states is required to at  least support UE specific TA calculation  based at least on its GNSS - acquired position and the s erving satellite ephemeris.     Agreement:   An NR NTN UE in RRC_IDLE and RRC_INACTIVE st ates   shall be ca pabl e of at least using its acquired GNSS  position and satell ite ephemeris to calculate frequency pre - compensation to counter shift the Doppler experienced  on  the service link.     Agreement:      In NTN, the network may broadcast       A common timing  offs et value       FF S details of the common timing offset      FFS: A common timing dr ift rate      Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA a s follows:     Where:   is derived from the User specific TA self - estimatio n     is derived at least from the common ti ming offset value if br oadcasted by the network. The granularity of    and whether    is   indicat ed as a Timing Advance or as a Timing Offset value [unit] are FFS.   Upon resolving th e  FF S, one of th e X in the equation will be removed.      depends on  band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.        is specifi ed in TS 38.211 section 4.1.       Note: UE will no t assume that the RTT between UE and g NB i s equal to t he calculated TA for Msg1/Msg A.     Working assumption:   It is a ssumed  that the requirement on UL time pre - compensation for Msg1/MsgA transmission of an NR NTN   UE in  idle/inactive mode will be defined such that the existing TAC 12 - bit field in   msg 2 (or msgB)  can be reused without any  extension.         Agreement:   An NR NTN  UE in R RC_CONNECTED states shall be capable of at least using its acquired GNSS position and  sa tellite  ephemeris to perform  frequency pre - compensation to counter shift the Doppler   exp erienced on  the service link.  


