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1 Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86. The propagation delays in NTN mobile systems as well as the Doppler effect are usually much larger than it is in a terrestrial system, which cause difficulty on time and frequency synchronization. To deal with the problem, a list of topics regarding UL time and frequency synchronization was discussed. In the meeting RAN1 #104, the following agreements are reached.
· Agreement:
· 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.
· FFS: Operation of closed loop and open loop TA control
· Agreement:
· 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.
· FFS: Details of the combination of open and closed loop TA control
· Conclusion:
· If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.
· Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported


In this contribution, we discuss the UL time and frequency synchronization in NTN.

2 Discussion
2.1 The need and the indication of TA margin
The indication of TA margin is discussed in the last RAN1 meeting. Since the common TA indication is already agreed which can absorb the maximum TA uncertainty, it is beneficial to include the TA margin in the common TA, as it saves signalling overhead and makes the TA margin transparent to UE. 
Proposal 1: The TA margin shall be included in the common TA.

2.2 TA maintenance
It was agreed in the last meeting that in RRC_CONNECTED state, TA updates through the combination of both open and closed loop. 
Based on the consensus, the total TA is assumed to be

The  is updated based on closed loop with existing TA calculation procedures. As the  indicates the RTD of the feeder link, UE doesn’t know its drift rate. Sending the  to UE requires additional signalling. Hence, the  can be updated together with  through closed loop. The changes of the two value can be combined into the TA command. 
Proposal 2:  and  are updated together by a combined TA command based on closed loop updating.
As for the UE specific TA, the estimation is based on DL reference signal or UE’s location together with satellite’s ephemeris. Therefore, an updated value  can be calculated directly. 
Proposal 3:  is updated by adding the newly estimated offset directly: 


2.3 Frequency compensation on DL and UL
It was discussed in the last meeting that it is benefit to support a common frequency offset compensation on both DL and UL transmissions to counter shift the Doppler Effect experienced on the service link and the feeder link. Applying a common frequency offset for a certain area, i.e. within a cell or a beam, facilitates reducing UE’s flexibility. 
Based on this intention, we propose that both the frequency compensations on DL and UL link are applied by gNB, that is, gNB performs a common pre-compensation for DL transmission for all UEs within the certain area, and performs a common post-compensation for UL reception. The amount of the offset may be the same for both the UL and DL link so that the indication of this amount to the UE would be enough for just one time for both links. At the center of the compensation area, the frequency shift cause by Doppler Effect on service link and feeder link is zero after compensation. The UEs at other position in the area or the UEs with different moving speed need to compensate a UE-specific frequency shift. 
In conclusion, the frequency shift that is the same for all UEs in the area (cell or beam) is compensate by gNB for both UL and DL, and UE compensate its own frequency shift caused by different locations and speeds.
Proposal 4: gNB applies a common frequency pre-compensation on the DL link and a common post-compensation for the same amount on the UL link. 
Proposal 5: As the amount of the pre-compensation for the DL link is indicated to the UE, the post-compensation for the UL does not need another indication.
Proposal 6: UE only take charge of the frequency shift cause by UE’s own behaviour, i.e. UE’s location or speed.

3 Conclusion
In this contribution, we further discussed the issue of the UL time and frequency synchronization for NTN. The following proposals are presented: 
Proposal 1: The TA margin shall be included in the common TA.
Proposal 2:  and  are updated together by a combined TA command based on closed loop updating.
Proposal 3:  is updated by adding the newly estimated offset directly: 

Proposal 4: gNB applies a common frequency pre-compensation on the DL link and a common post-compensation for the same amount on the UL link. 
Proposal 5: As the amount of the pre-compensation for the DL link is indicated to the UE, the post-compensation for the UL does not need another indication.
Proposal 6: UE only take charge of the frequency shift cause by UE’s own behaviour, i.e. UE’s location or speed.
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