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Introduction
In RAN1#102-e, the following has been agreed on the uplink timing synchronization[1].
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· 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)



With these elements and email discussion for RACH and HARQ feedback aspects from RAN2#111e[2], we discuss UL timing synchronization in more detail.
Discussion
In order to reduce the long processing time according to the transmission time of a UE, the transmission time of the UE can consider only the RTT of the service link. In the case of GNSS-assisted TA acquisition in RRC idle/inactive mode, 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. Information required for initial access among the satellite ephemeris can be transmitted through SIB. The UE can transmits the PRACH with pre-compensation based on the estimated user specific TA of the service link.

Proposal 1:	In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE transmits PRACH with pre-compensation based on the estimated user specific TA of the service link regardless of the common TA indication of gNB for the service link.

The ra-ResponseWindow starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set that is at least one symbol, no earlier than ra-Offset after the last symbol of the PRACH occasion corresponding to the PRACH transmission. ra-Offset is necessary to reduce the power consumption of the UE and should include at least the RTT of feeder link. ra-Offset can reflect the estimated user specific TA of the service link and the RTT of the feederlink. For this, the common TA for the RTT of the feederlink can be broadcast by gNB. The same ra-Offset can be applied for the start of msgB-ResponseWindow.
In addition, when the estimated user specific TA is applied, the ra-ResponseWindow or msgB-ResponseWindow can be started earlier by the TA margin to reflect the estimation error. The TA margin may be broadcast or may be set in the UE. As a result, ra-Offset can be composed of the estimated user specific TA for the service link and common TA for the feeder link and TA margin. In the case of the ra-Offset for ra-ContentionResolutionTimer after Msg3 transmission or for a response after PRACH transmission in the RRC connected mode(e.g. beam failure recovery), it can consist of a user specific TA for the service link and the common TA for the feeder link.

Proposal 2:	After PRACH transmission, the UE starts a ra-ResponseWindow no earlier than ra-Offset after the last symbol of the PRACH occasion corresponding to the PRACH transmission. ra-Offset can be composed of the estimated user specific TA for the service link and common TA for the feeder link and TA margin. In this case, the common TA for the RTT of the feederlink can be broadcast by gNB. In addition, the ra-ResponseWindow can be started earlier by TA margin to reflect the estimation error for the estimated user specific TA. The TA margin may be broadcast or may be set in the UE. 

For TA maintenance, the gNB can transmit a timing drift rate to the UE. Since the beam diameter is large and the timing drift rate may vary according to the elevation angle of the UE, the timing drift rate for the service link can be a UE-specific parameter. In addition, the timing drift rate for the common TA of the feeder link can be a cell or beam-specific parameter. Each parameter may be transmitted as one parameter or may be transmitted separately. The UE can perform autonomous TA update using these parameters. The UE can periodically perform autonomous TA updates according to the indication of the gNB. In the case of  autonomous TA update of the UE, a reference time for TAold may be required for TA ajustment by gNB. To this end, the indication for the reference time of TAold by the gNB may be applied.

Proposal 3:	For TA maintenance, the gNB can transmit a timing drift rate to the UE. The timing drift rate for the service link can be a UE-specific parameter. The UE can periodically perform the autonomous TA update according to the indication of the gNB. In the case of autonomous TA update of the UE, the gNB can indicate the reference time for TAold to the UE for TA ajustment.

Conclusions
In this contribution, we present our considerations for uplink timing synchronization in NTN scenarios.  Based on the discussion, we make the following proposal.
Proposal 1:	In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE transmits PRACH with pre-compensation based on the estimated user specific TA of the service link regardless of the common TA indication of gNB for the service link.
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