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Introduction
It was concluded [1] that release 17 RAN1 work on NR NTN is completed. The maintenance on solutions for NR NTN was conducted in RAN1 #108-e meeting and RAN1 #109-e meeting. 

In this contribution, we provide our views on the remaining open issues of release 17 RAN1 NR NTN. 
Discussion
UE behavior with respect to validity timer expiry
It was agreed in RAN2 that UE should attempt to re-acquire NTN specific SIB prior to validity timer expiry based on UE implementation. RAN2 has made a working assumption that upon validity timer expiry, UE shall suspend uplink transmissions, re-acquire NTN specific SIB and flushing HARQ buffers. 

The epoch time of assistance information can be explicitly provided in NTN specific SIB or dedicated RRC signaling. Alternatively, the epoch time of assistance information can be implicitly known as the end of the SI window during which the SI message is transmitted. 

For the implicitly indicated epoch time, it is UE implementation to ensure that UE reads NTN specific SIB whose SI window is before the current validity timer expiry. Considering that SI periodicity is configurable up to 512 radio frames, it is possible that the epoch time for assistance information (i.e., satellite ephemeris and common TA parameters) is up to 5.12 seconds before the expiry of validity timer. This may lead to the waste of the assistance information validity duration. However, it is up to network implementation that the SI window ends with a small gap before the validity timer expiry. In this way, the waste of the assistance information can be mitigated. 

For the explicitly indicated epoch time, it is possible that UE re-acquired assistance information prior to validity timer expiry, but the new epoch time is after the expiry of the current validity timer. Again, this scenario may be avoided by network implementation. When network provides assistance information via dedicated RRC, the epoch time of the assistance information can be set to be before the expiry of the current validity timer. 

Proposal 1: It is up to network implementation and UE implementation to avoid the case where UE re-acquires assistance information before uplink synchronization validity timer expiry but the new epoch time in the assistance information is after uplink synchronization validity timer expiry. 

Ambiguity in interpretation SFN indicating epoch time
When the epoch time of assistance information is explicitly provided in NTN specific SIB or dedicated RRC signaling, it is expressed in the form of SFN and sub-frame number. The ambiguity exists on the actual radio frame indicated by the SFN value, i.e., the exact SFN cycle. To address the ambiguity in interpreting the SFN, three alternative solutions were proposed [2]. In one alternative, the indicated epoch time is in the frame of the indicated SFN value, which is nearest to the frame when the message is received. In another alternative, the indicated epoch time is in the current SFN if the indicated SFN is equal to the frame when the message is received, or the indicated epoch time is in the next upcoming SFN otherwise. In the last alternative, the indicated epoch time is in the past indicated SFN. The last alternative always leads to the waste of the assistance information validity duration, which was not supported by majority companies. 
 
The first alternative supports both the past and the future epoch time and provides some flexibility. The second alternative supports only the future epoch time and can provide more accurate orbit prediction. Since the indicated epoch time from the second alternative could be up to 10.23 ms in the future, the second alternative is more likely to lead to the scenario where the indicated epoch time is after the validity timer expiry. To mitigate the occurrence of the scenario where the indicated epoch time is after the validity timer expiry, we prefer the first alternative. 

Proposal 2: If epoch time is explicitly indicated in the form of SFN and sub-frame, the UE considers the epoch time is in the frame of the indicated SFN value, which is nearest to the frame where the message is received.  

Conclusion
In this contribution, we provided our views on time and frequency synchronization for NR NTN. Our proposals are as follows: 

Proposal 1: It is up to network implementation and UE implementation to avoid the case where UE re-acquires assistance information before uplink synchronization validity timer expiry but the new epoch time in the assistance information is after uplink synchronization validity timer expiry. 

Proposal 2: If epoch time is explicitly indicated in the form of SFN and sub-frame, the UE considers the epoch time is in the frame of the indicated SFN value, which is nearest to the frame where the message is received.  
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