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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104e, the agreements on uplink synchronization are as following:

Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control

Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control

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 an updated proposal from FL in last meeting is as following:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network:

Where:
   and  are defined as in Release-16.
    is UE self-estimated TA 
   is network-controlled common TA, and may include any timing offset considered necessary by the network.
[bookmark: _Hlk68008459]   FFS:  Signaling and the granularity of  
   FFS: When common TA is not indicated
-        Note-1: Definition of  is different from that in   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: This agreement does not preclude aligned DL & UL timing at gNB or unaligned DL & UL timing at gNB with decision up to future discussion if any.
-        Note-4:  is the common timing offset as agreed in RAN1 #103-e

The granularity of  is still FFS. There are two options regarding the granularity:
· Option 1: The granularity is same as legacy TA, i.e. 16*64/2u*Tc
· Option 2: The granularity can be separately configured.

The pros of Option 1 is that accuracy can be kept same as in legacy release, and the pros of Option 2 is that signaling overhead reduction can be achieved with separate configuration. The indicated  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. The indication is due to moving of satellite. From signaling perspective, we prefer Option 2 to separate configure the unit of . However, it seems most companies prefer Option 1 from accuracy point of view. For sake of progress, we are also fine to support Option 1.
Proposal 1: Support the granularity of same as granularity of TA command.
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 are also discussion on whether a drift rate of common timing offset indication is necessary or not. The common timing offset is corresponding to RTT between satellite and the reference point. As the satellite moving, the common timing offset is also changed. If there is no drift rate indication, and the change of common timing offset can only be maintained by frequent common timing offset indications, which consumes much signaling overhead. So we prefer drift rate of common timing offset to be indicated.
Proposal 3: Support indication of common 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: Support the granularity of same as granularity of TA command.
Proposal 2: TA margin indication is not supported.
Proposal 3: Support indication of common timing offset drift rate.
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