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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 and frequency synchronisation have been heavily discussed in previous RAN1 meetings. However, there are still some open issues. In this paper, we will discuss some of the remaining issues of NR NTN. 
Discussion 
Indication of common TA drift parameters 
In RAN1 106bis e-meeting, the following agreement on common TA parameter has been made: 
Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters

As it has been agreed, Common TA, Common TA drift rate and Common TA drift rate variation are potentially to be indicated to the UE for common TA calculated. The indication of the common TA parameters may depend on scenarios. Considering the definition of reference point (RP) in the previous RAN1 discussion, there are 3 main options: 
· Option 1: The RP is located at the gNB. 
· Option 2: The RP is located at the satellite. 
· Option 3: The RP localization is not specified and left to the implementation. 
For Option 2, broadcast common TA may not be needed. For Option 1 and 3, the network needs to broadcast the common TA parameters. 
Regarding the fast movement of the satellites, the propagation delay between the satellite and the PR may vary 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, both common TA and Common TA drift are essential. According to the numerical analysis results given in [2], in the scenario of LEO=600 km, indication of Common TA drift rate variation and Common TA third order derivative will help to reduce the maximum common delay error over the feeder link significantly; and therefore, the performance of NR NTN UEs could be improved. Consequently, in LEO scenario, it might be beneficially to indicate the Common TA third order derivative to UEs. However, for GEO scenarios, considering the potential relatively long distance between the satellite and gNB/GW or the reference point, the Common TA third order derivative may not be necessary to be indicated. If the common TA parameter(s) are not indicated by the network, the UE is allowed to assume the corresponding parameter(s) equals to zero. 
Proposal 1 [bookmark: _Ref86257031]Common TA third order derivative could be optionally indicated by the network (i.e. for LEO scenarios).
Proposal 2 [bookmark: _Ref86257046]For the common TA related parameter(s) that is/are not indicated by the network, the UE assumes the value(s) of the corresponding parameter(s) as zero. 
Proposal 3 [bookmark: _Ref86257058]When the reference point is not the satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory to be indicated to NR NTN UE(s).

Reference time and point of common TA related parameters and Serving satellite ephemeris
In RAN1 106bis e-meeting, the following agreement on common TA epoch time has been made:
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.
For the Serving satellite ephemeris Epoch time, agreement was made in RAN1 106 e-meeting:
Agreement (RAN1 106e):
[bookmark: _Hlk86246812]Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network

Regarding the indication of the common TA epoch time, currently there are two main options: 
· [bookmark: _Hlk86249541]Option 1: Provide the common TA epoch time as part of the Common TA parameters by indicating the SFN and the sub-frame number that the information is valid for.

· Option 2: The Common TA epoch time is set to be the Nth slot after start of SI window of SI message carrying common TA parameters.
Comparing to Option 2, Option 1 could be implemented more flexible, no restricted synchronisation between the gNB/ NW and the NCC is needed; however, Option 1 requires more overhead signalling. From the perspective of RAN1 standardisation work, Option 2 is simpler and generates less impact on the current specs. And ‘N’ could be optionally indication based on its value. With pre-defining the timing relationship between the start point of the epoch/reference time and the window SI window of SI message carrying common TA parameters, the UE is able to determine the reference time of common TA related parameters. There was the concern raised by FL: what if the Common TA parameters are carried by SIB1. From our perspective, UEs could determine the timing of SI window based on the information provided in SIB1. Therefore, the above pre-defined timing relationship is still applicable. The synchronisation between the gNB and the NCC could be left to NW implementation. 
Proposal 4 [bookmark: _Ref86257081]The Common TA epoch time is set to be the Nth slot after start of SI window of the SI message carrying common TA parameters.
Including the Ephemeris data and Common TA related parameters in the same SIB is technically sensible and will simplify the standardisation work significantly. For example, if the Ephemeris data and Common TA related parameters are in the SIB, the only one validity timer/duration is needed. And similarly, the same reference time could be also applied for both. 
Proposal 5 [bookmark: _Ref86257095]Include the Satellite Ephemeris data and Common TA related parameters within the same SIB/SI.
Proposal 6 [bookmark: _Ref86257107]Apply the same reference time for both Satellite Ephemeris data and Common TA related parameters.
Regarding the reference point for epoch time of Common TA related parameters, RAN1 is still discussing whether it is satellite or the NTN-GW. If the NTN-GW is considered as reference point, there might be potential security issues as the NTN UE can derive the location of the NTN-GW. This issue would be identified by SA3. In addition to the potential security issues, consider the NTN-GW as the reference point will require the NTN UE to take the delay between the GW and the satellite into account to determine the reference time, which increases the complexity of the UE. To simplify the problem, it would be sensible to consider the satellite as the reference point of the common TA related parameters as the baseline. The delay between the NTN GW and the satellite and that between the gNB and the GW are considered by the network. Furthermore, the same reference point will be applied for epoch time of Satellite Ephemeris data and Common TA related parameters to simplify the issue. The synchronisation between the network and NCC could be left to implementation.  
Proposal 7 [bookmark: _Ref86257114]The reference point for epoch time of Satellite Ephemeris data and Common TA related parameters is the satellite. 
TA update in RRC_CONNECTED state 
In NR NTN, the calculation of Timing Advance has been agreed in previous RAN1 e-meetings: 
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. 

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:
 ,

According to the equation, to maintain the UL time snychronization, it is necessary to keep the variables in the equation up to date. 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 8 [bookmark: _Ref86329720]How the UE calculates/updates NTA, UE-specific is left to UE implementation.
The NTA-Common can be worked out by the UE using the common TA related parameters indicated in SIB. 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. Therefore, the NTA, Common could be updated autonomously by the UE based on the Common TA parameters indicated by the Network. There is no ambiguity between the UE and the gNB in normal condition. 
Observation 1. [bookmark: _Ref86329759][bookmark: _Hlk86262638]The NTA,common could be updated autonomously by the UE based on the Common TA parameters indicated by the Network. There is no ambiguity between the UE and the gNB in normal condition.

NTN UE Time Alignment Timers
In the previous RAN1 meeting, it has been supported by most of the companies that the validity duration could be carried by SIB. However, for a UE in RRC_CONNECTED state, there is a possibility that the common search space is not configured for all the dedicated BWPs. If UE’s active BWP is not configured with common search space, in order to obtain the validity duration in SIB, BWP switch may be required. However, the BWP switch may have impacts on other ongoing services and increase UE’s complexity. As both the active BWP of a UE and the duration after validity timer are configured by the network, to avoid the BWP switch for validity duration acquisition in this scenario, it will be beneficial to provide the validated duration using dedicated signalling. Similarly, the comment TA related parameters and the satellite ephemeris data could be also provided using dedicated signalling.
Proposal 9 [bookmark: _Ref86329743]The validity duration, Common TA parameters and satellite ephemeris can be provided using dedicated signalling when the UE is in RRC connected state, e.g. if the UE is not configured with common search space.
As it has been agreed in RAN1 106bis e-meeting:
Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Configuration of the validity duration on per cell basis shall be considered as the baseline. The validity timer starts/restarts at the epoch time of the assistance information. Therefore, all the UEs in a cell have the same understanding of the condition of validity timer. As it has been agreed in previous meetings, in general cases, the assistance information is carried by SIB. If the validity duration is configured per cell, the network could broadcast the assistance information within the validity duration to avoid UEs lose the uplink synchronisation. Valid assistance information shall be obtained by the UE within the validity duration. If a UE does not receive the updated assistance information at the expiry of the validity timer, the UE shall be allowed to require the information from a network before out of UL synchronisation, i.e. using RACH procedure 
Proposal 10 [bookmark: _Ref86329794]The network broadcasts the assistance information within the validity duration to avoid the UEs lose uplink synchronisation. 
Proposal 11 [bookmark: _Ref86329830]If the assistance information is not updated at the expiry of the validity timer, UE is allowed to require the assistance information from the network, i.e. via triggering RACH. 
If the validity duration is defined per BWP, the UEs in RRC_CONNCTED state working on dedicated BWPs may have different validity durations; and therefore, their validity timers need to be started/restarted at different point of time. In this case, to avoid interrupting other UEs that do not need to renew the assistance information, the assistance information shall be delivered using dedicated signalling. Furthermore, if the assistance information is updated for other UEs (i.e. UEs in RRC idle state) via SIB, the UE that applies the BWP dedicated validity duration may still need to read SIB unnecessarily. Above all, there is no significant benefit to define the validity duration per BWP.  
Proposal 12 [bookmark: _Ref86329843]There is no need to define the validity duration on per BWP basis.  

Conclusion 
From the discussion, we have the following observations and proposals: 
Proposal 1. Common TA third order derivative could be optionally indicated by the network (i.e. for LEO scenarios).
Proposal 2. For the common TA related parameter(s) that is/are not indicated by the network, the UE assumes the value(s) of the corresponding parameter(s) as zero. 
Proposal 3. When the reference point is not the satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory to be indicated to NR NTN UE(s). 
Proposal 4. The Common TA epoch time is set to be the Nth slot after start of SI window of the SI message carrying common TA parameters.
Proposal 5. Include the Satellite Ephemeris data and Common TA related parameters within the same SIB/SI.
Proposal 6. Apply the same reference time for both Satellite Ephemeris data and Common TA related parameters.
Proposal 7. The reference point for epoch time of Satellite Ephemeris data and Common TA related parameters is the satellite.
Proposal 8. How the UE calculates/updates NTA, UE-specific is left to UE implementation.
Observation 1. The NTA,common could be updated autonomously by the UE based on the Common TA parameters indicated by the Network. There is no ambiguity between the UE and the gNB in normal condition.
Proposal 9. The validity duration, Common TA parameters and satellite ephemeris can be provided using dedicated signalling when the UE is in RRC connected state, e.g. if the UE is not configured with common search space.
Proposal 10. The network broadcasts the assistance information within the validity duration to avoid the UEs lose uplink synchronisation.
Proposal 11. If the assistance information is not updated at the expiry of the validity timer, UE is allowed to require the assistance information from the network, i.e. via triggering RACH.
Proposal 12. There is no need to define the validity duration on per BWP basis.
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