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Introduction
During the Rel-16 SI phase, a couple of agreements have been achieved to enhance the uplink timing and frequency synchronization for NTN scenarios. The technical issues and potential solutions, covering both GNSS UE and non-GNSS UE, are summarized in TR 38.821. The solutions are identified as follows
For the timing advance (TA) in the initial access and the subsequent TA maintenance 
Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris. 
Option 2: Timing advanced adjustment based on network indication
For the UL frequency compensation
Option 1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
Option 2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble.

[bookmark: OLE_LINK9]In this contribution, the remaining issues of the enhancement of the uplink timing and frequency synchronization for NTN scenarios are discussed.

UL timing synchronization for NTN
TA update in RRC_CONNECTED state
In RAN1#107e, the following working assumption on TA update in RRC_CONNECTED state had been achieved [1].
	Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
where,  is the TAC field in msg2/msgB



For NTA update based on TA Command field in msg2/msgB, the NTA_old can be removed from equation since it should be 0. Therefore, when TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 
Proposal 1: Confirm the Working assumption on on TA update in RRC_CONNECTED state:
Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
where,  is the TAC field in msg2/msgB

Combination of open and closed loop TA control
In RAN1#107e, the issue of the TA jump caused by double correction of closed loop and opened loop TA component and some corresponding solutions from RAN1 perspective had been discussed. RAN4 has sent RAN1 one LS on “double-correction” issue [2]. RAN4 has reached an agreement that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed.
	RAN4 has reached an agreement that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed. There are the following two alternatives for further discussion.

· Option 1:
· RAN4 to replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions.
· Option 2:
· RAN4 to define a requirement based on the framework of gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
· FFS on whether the requirement regulating “double-correction” issue would be a stand-alone requirement
· FFS on whether and how to incorporate the current gradual timing adjustment defined in 7.1.2.1 of TS38.133
· FFS on whether and how to incorporate UE specific change due to satellite position change and feeder link delay change
· FFS on the detailed requirement values and the definition of reference time in terms of UL timing error measurement



In our view, the solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.
Proposal 2: The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.

Conclusion
As summary, we have the following proposals.
Proposal 1: Confirm the Working assumption on on TA update in RRC_CONNECTED state:
Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
where,  is the TAC field in msg2/msgB

Proposal 2: The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.
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