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Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 in [1]. The enhancements on UL time have been heavily discussed in previous RAN1 meetings. However, consensus still have not been achieved on many issues. In this paper, we will discuss the issues related to TA update in RRC_CONNECTED state and the Time Alignment Timers. 
Discussion 
TA update in RRC_CONNECTED state 
In NR NTN, the calculation of Timing Advance has been agreed in RAN1 104b-e meeting: Agreement :
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 


According to the formular, to maintain the UL time snychronization, it is necessary to keep the variables in the formular up to date. In the last RAN1 meeting, the following agreement on NTA update was made: Agreement:
[bookmark: _Hlk83572293]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:
 ,



However, consensus have not been made on the update of NTA,UE-specific and NTA-Common. 
The NTA,UE-specific and NTA-Common are used to compensate for the round trip time (RTT) of the service link and feeder link, respectively. For NTA,UE-specific, it has been agreed by RAN1 that ‘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’. Upon acquiring new valid GNSS position and/or satellite ephemeris from SIB, the UE can update the NTA,UE-specific autonomously. The orbital propagator model and algorithms applied for NTA,UE-specific calculation are up to UE implementation. Therefore, this is no need to specify the calculation of NTA,UE-specific. 
Proposal 1 [bookmark: _Ref83645185]The calculation of NTA, UE-specific can be left to UE implementation. 
The NTA-Common can be worked out by the UE using the TA assistance information provided by SIB. The corresponding SIB acquisition could be triggered by the gNB via SI change notification or by the UE. In either way, the gNB acknowledges the NTA-Common update at the UE side. The formular that determines the NTA-Common depends on the Common TA parameters indicated by the Network. Therefore, the calculation of NTA, Common shall be determined after the decision of common TA parameters indicated by the network.
Proposal 2 [bookmark: _Ref83629350]Discuss the calculation of NTA, Common after the decision of common TA parameters indicated by the network.
The details of the common TA parameters are still under RAN1 discussion. Regarding the fast movement of the satellites, the propagation delay between the UE and the network varies with time quickly. Frequent TA assistance information update will result in plenty of overhead signalling. To avoid frequent SI change and support more accurate TA adjustment at the UE side, in addition to common TA, it will be beneficial to include the Common TA drift rate into the TA assistance information. The indication of other Common TA drift parameters (i.e., Common TA drift rate variation and High order derivative of Common TA drift) are only applicable if the accuracy of the Common TA estimation using common TA and Common TA drift rate cannot satisfy RAN4 requirement. Otherwise, there is no need to specify the Common TA drift rate variation and High order derivative of Common TA drift. 
Proposal 3 [bookmark: _Ref83629365]In addition to common TA, the network shall periodically broadcast the Common TA drift rate. Standardation of other parameters is subject to RAN4 requirement.
NTN UE Time Alignment Timers
In NR NTN, it has been agreed that ‘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’. In the legacy closed control loops, timeAlignmentTimer is used for TA update. As detailed in TS38.321, ‘timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned’. The UE starts/restarts the timeAlignmentTimer if the corresponding Timing Advance Command MAC CE that indicates associated TAG is received, and applies the newly received TAC. The NR NTN UE is capable to determine NTA,UE-specific and NTA-Common based on its GNSS information and the parameters provided by its serving gNB. It will be beneficial to introduce a similar timer to the open loop mechanism for UL timing synchronisation parameters update. In the last RAN1 e-meeting, it has been agreed to introduce the similar timer for satellite ephemeris validation: Agreement made in RAN1 106-e meeting:
· 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.

From our perspective, it is also necessary to have a validity timer/duration for the TA assistance inforamtion that indicates NTA-Common. Considering the maximum tolerable error on common TA estimation carried out by the UE, it is necessary to update the TA assistance information carried by SIB to avoid the estimation error exceeds the threshold. The UE shall acquire new Common TA assistance information at expiry of this timer. Therefore, valid Common TA could be maintained at the UE side.  
Proposal 4 [bookmark: _Ref83629389]Introduce a validity duration configured by the network for Common TA indicates the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters.
As it has been agreed by RAN1, both the Common TA and the satellite ephemris for UL sychrnonisation will be indicated by the network via SIB. Introduce one validity duration for both Common TA and satellite ephemris acquisition would be efficient. At the experiy of validity duration, both the Common TA and the satellite ephemris could be obtained by acquiring SIB. There would be no need to introduce separate timers.
Proposal 5 [bookmark: _Ref83629397]Introduce one validity duration that applies for both Common TA and satellite ephemeris data.
In NR NTN, the UE behaviour associated to the validity duration could be similar to that associated to the legacy timeAlignmentTimer. The UE starts/ restarts the validity timer each time the UE correctly decodes new satellite ephemeris and Common TA information. And the UE assumes that it lost uplink synchronization if the timer expires
Proposal 6 [bookmark: _Ref83629405]The UE assumes that it has lost uplink synchronization if the validity timer expires.
Conclusion 
From the discussion, we have the following observations and proposals: 
Proposal 1. The calculation of NTA, UE-specific can be left to UE implementation. 
Proposal 2. Discuss the calculation of NTA, Common after the decision of common TA parameters indicated by the network.
Proposal 3. In addition to common TA, the network shall periodically broadcast the Common TA drift rate. Standardation of other parameters is subject to RAN4 requirement.
Proposal 4. Introduce a validity duration configured by the network for Common TA indicates the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters.
Proposal 5. Introduce one validity duration that applies for both Common TA and satellite ephemeris data.
Proposal 6. The UE assumes that it has lost uplink synchronization if the validity timer expires.
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