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1. Introduction
In last RAN4 meeting, a way forward on GNSS-related and timing requirements for NR NTN was approved [1]. Many agreements and conclusions have reached as captured in section 5 and some issues are still FFS and open. This document will further discuss the timing requirements issues for NR NTN and present our understanding and proposals.

2. Discussion
2).  WF on UE initial transmit timing error requirements
Issue 2-2-1: Requirement of initial transmit timing error (Te_NTN).
It is agreed following two bullets in WF [1].
· Do not revisit the agreements on Te_NTN agreed in RAN4#101e meeting.
· RAN4 shall confirm the values of Te_NTN in brackets in RAN4#102e meeting.
We think the [29]*64*Tc and [24]*64*Tc for 15kHz SCS of uplink signals are relaxed unnecessary. These requirements should be reduced suitably. We have already agreed 24*64*Tc and 22*64*Tc for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz
Proposal 1: The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz

Issue 2-2-2: The reference timing for UE transmit timing.
It is agreed following bullets in WF [1].
· The reference timing for the UE transmit timing shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc.
· FFS the additional clarification on NTA,UE-specific and NTA,common.
· FFS the clarification on the reference propagator model UE used at UE side.
· FFS the clarification on the downlink timing of the reference cell.
We think the definitions of NTA,common are clear, and additional clarification is not need. The reference propagator model at UE side doesn’t need further clarification, eithier. The NTA,UE-specific can be further clarified it is two times of propagate delay of from UE transmit signal to satellite received it. The downlink timing of reference cell doesn’t need further clarification.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: The NTA,common is signal to UE by network, and additional clarification is not needed.
Proposal 3: For downlink timing of reference cell, additional clarification is not needed. 
Proposal 4: The NTA,UE-specific can be further clarified as it contains two times of propagate delay of from UE transmit signal to satellite received it and UE’s prediction. 

3). WF on Double correction issue related to combination of open and closed loop TA control
Issue 2-3-1: Double correction issue related to combination of open and closed loop TA control.
It is agreed following bullets in WF [1].
· Option 1: Double correction issue can be addressed by defining NTN UE initial timing accuracy requirement for all UL transmissions.
· Option 2: Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.
We prefer option 1, i.e. double correction issue can be addressed by defining NTN UE initial timing accuracy requirement for all UL transmissions.
Proposal 5: Define NTN UE initial timing accuracy requirement for all UL transmissions.

4).  WF on gradual timing adjustment requirements
Issue 2-4-1: The principles for defining gradual timing adjustment requirement
There are two options in WF [1].
· Option1: 
· Whether and how to relax the gradual timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate
· FFS on the propagation delay drift for service link and feeder link.
· NTN UE is required to adjust its UL timing towards updated UE specific TA and DL timing gradually, according to minimum and maximum aggregate adjustment rate requirements
· Option 2: 
· Not define gradual timing adjustment requirement for NTN UE;
· 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.
As proposal 5, we prefer option 2, i.e. not define gradual timing adjustment requirements for NTN UE.
Proposal 6: Not define gradual timing adjustment requirements for NTN UE.

Issue 2-4-2: UE behaviour for gradual timing adjustment for NTN UE.
There are 3 options in WF [1]. As above proposal 5 and 6, we think there is no gradual timing adjustment for NTN UE behaviour. The NTN UE behaviour is setting it’s uplink timing for every uplink transmit according downlinkreception timing drifting and current value of (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc, i.e. UE performs uplink timing adjustment with combining downlink reception timing drifting, TA command, common TA, and UE specific TA change as one adjustment.
Proposal 7: UE performs uplink timing adjustment with combining downlink reception timing drifting, TA command, common TA, and UE specific TA change as one adjustment.

Issue 2-4-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
There are 2 options of YES or NO in WF [1]. As above proposal 5, 6, and 7, the gradual timing adjustment requirement can’t be defined in NTN. This issue is not also considered.
Proposal 8: No further discussion on the maximum delay variation in gradual timing adjustment requirement in NTN. The gradual timing adjustment requirements is not defined.

Issue 2-4-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
There are 2 options of YES or NO in WF [1]. As above proposal 5, 6, and 7, the feeder link time drift should not be considered in the gradual timing adjustment requirement in NTN. It will be considered in every uplink timing decision.
Proposal 9: The feeder link time drift should not be considered in the gradual timing adjustment requirement in NTN. It will be considered in every uplink timing decision.

5).  WF on TA adjustment accuracy requirements
Issue 2-5-2: TA adjustment accuracy requirement in RRC_CONNECTED mode
It is agreed following 3 bullets in WF [1]:
· The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case.
· FFS on the additional conditions for NTN TA adjustment accuracy requirement.
· FFS the margin to accommodate UE autonomous open loop TA pre-compensation.
As above proposals, and agreements, the legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN case. But UE should perform uplink timing adjustment with combining downlink reception timing drifting, TA command, common TA, and UE specific TA change as one adjustment. If we test the UE TA adjustment accuracy, the downlink reception timing and common TA should be fixed, satellite and UE location should not be changed. The scenario can be met in GEO system. So TA adjustment accuracy requirement can be tested in GEO scenario.
Proposal 10: No additional conditions and margin are needed for NTN TA adjustment accuracy requirement. TA adjustment accuracy requirement can be tested in GEO scenario.

3. Conclusion
This document discussed the timing requirements issues for NR NTN. The following proposals are concluded.
Proposal 1: The [29]*64*Tc and [24]*64*Tc requirements are relaxed unnecessary, and should be reduced suitably. If the same additional values are used, 26*64*Tc and 22*64*Tc can be defined for SSB 15kHz/uplink 30kHz and SSB 30kHz/uplink 30kHz
Proposal 2: The NTA,common is signal to UE by network, and additional clarification is not needed.
Proposal 3: For downlink timing of reference cell, additional clarification is not needed. 
Proposal 4: The NTA,UE-specific can be further clarified as it contains two times of propagate delay of from UE transmit signal to satellite received it and UE’s prediction. 
Proposal 5: Define NTN UE initial timing accuracy requirement for all UL transmissions.
Proposal 6: Not define gradual timing adjustment requirements for NTN UE.
Proposal 7: UE performs uplink timing adjustment with combining downlink reception timing drifting, TA command, common TA, and UE specific TA change as one adjustment.
Proposal 8: No further discussion on the maximum delay variation in gradual timing adjustment requirement in NTN. The gradual timing adjustment requirements is not defined.
Proposal 9: The feeder link time drift should not be considered in the gradual timing adjustment requirement in NTN. It will be considered in every uplink timing decision.
Proposal 10: No additional conditions and margin are needed for NTN TA adjustment accuracy requirement. TA adjustment accuracy requirement can be tested in GEO scenario.
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5. Annex: Requirements and Conclusions
1).  WF on UE specific TA estimation
Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
Agreement:
· RAN4 not to define the update periodicity for UE specific TA estimation.

Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
Agreement:
· The UE behavior related to updating rate for UE specific TA estimation can be discussed under double correction issue (issue 2-3-1).

Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment
Agreement:
· The UE behaviour on UE specific TA updating before applying TA adjustment can be discussed under double correction issue (issue 2-3-1).

2).  WF on UE initial transmit timing error requirements

3). WF on Double correction issue related to combination of open and closed loop TA control

4).  WF on TA adjustment accuracy requirements
Issue 2-4-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
Agreement
· RAN4 defines the same gradual timing adjustment requirements for different NTN topologies, if defined.

5).  WF on TA adjustment accuracy requirements
Issue 2-5-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
Agreement:
· UE position and satellite position estimation error shall not be accounted for TA adjustment accuracy requirement.
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