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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

In RAN1#102e, the agreements related to uplink time synchronization in NTN network are as following:
Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· [bookmark: _GoBack]its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)

In this contribution, we discuss the issues for TA indication. 
2 Discussion
In NTN based on transparent payload, the one-way propagation delay is a function of both the service link delay and the feeder link delay as shown in Fig 1, so the TA for uplink transmission is determined by both.
Regarding the service link delay, related to the UE-specific TA estimated by the UE, Option 1 (in RAN1#102-e agreements) is based on UE’s position and satellite’s position, and Option 2 is based on UE’s timestamp and a timestamp information provided by gNB regarding the transmission time instance. Both options rely on the accuracy of UE’s position or timestamp information calculated based on GNSS capability. As the satellite moves, the service link delay changes. Open-loop time/frequency correction can be performed by UE based on GNSS capability. Closed-loop time/frequency correction can also be adopted at gNB side to further refine the time/frequency pre-compensation. In the RACH procedure, the closed-loop time correction can be based on TA command in RAR. In RRC connected mode, the closed-loop time correction can be based on MAC CE command for time synchronization. As the TA command in both RAR and MAC CE are used to address the inaccuracy of open-loop time synchronization, so there is no necessity to extend the range of bits in RAR and MAC CE command. Regarding closed-loop time/frequency pre-compensation, similar mechanism can be adopted in RAR and MAC CE command.
Proposal 1: There is no necessity to extend the range of bits of TA command in RAR and MAC CE command.
Regarding feeder link delay, related to common TA, it will be explicitly indicated from gNB to UE to generate a full TA or update the UL to DL transmission delay in RRC connected state. There are some proposals to indicate the gateway position to UE, so that UE can calculate the feeder link delay between satellite and gateway. However, broadcast the gateway position may not be desirable from security perspective, so we prefer that gNB indicates a delay value rather than a gateway position. 
Proposal 2: Support indication from gNB to UE on the common feeder link delay. Do not support gNB broadcasting gateway position to UE.
As the satellite moves, the feeder link delay also changes over time. However, the ephemeris of the satellite is predictable, so the feeder link delay can be expressed by an initial value and a change rate. The initial value is determined by the associated gateway. In the case of feeder link switching, the associated value is also modified. The change rate can be associated with the satellite velocity. From signaling perspective, it is preferred to indicate both an initial value and a change rate to the UE. As these two parameters’ change rate may be different, so they can be carried by separate signaling.
Proposal 3: For NTN based on transparent payload, support indication of an initial value and a change rate to the UE to calculate the feeder link delay.
Considering the signaling overhead of initial value and change rate for the feeder link delay indication, some of the feeder link delay can also be compensated at gNB side to decrease the signaling overhead of the feeder link delay indication.
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. 
There are some discussion on the margin value of the service link based on UE’s calculation, and there are some proposal on indication of a margin value explicitly to UE to avoid inter-symbol interference to other transmission due to UE pre-compensated TA is smaller than the actual TA. From our perspective, the margin value can be indicated together with the feeder link delay. That is, to make the initial value of the feeder link delay a bit large to absorb the impact of uncertainly of UE calculation of service link delay. In this way, there will be no inter-symbol interference and there is no increase of signaling overhead of initial value of feeder link delay, as the absolute value is larger while the range is not changed.
Proposal 4: There is no necessity to indicate the margin value, and it can be absorbed with larger initial value for feeder link delay indication.


Fig 1. An example of transparent payload NTN network
3 Conclusion
In this contribution, we discussed the issues related to TA in NTN network, and our proposals are as following:
Proposal 1: There is no necessity to extend the range of bits of TA command in RAR and MAC CE command.
Proposal 2: Support indication from gNB to UE on the common feeder link delay. Do not support gNB broadcasting gateway position to UE.
Proposal 3: For NTN based on transparent payload, support indication of an initial value and a change rate to the UE to calculate the feeder link delay.
Proposal 4: There is no necessity to indicate the margin value, and it can be absorbed with larger initial value for feeder link delay indication.
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