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1 Introduction

In RAN1#108 e-meeting, most of the remaining issues on solutions for NR to support NTN were solved and the agreements and conclusions were captured in [1]. 

In this contribution, we present our considerations on the remaining issues of time and frequency synchronization in NTN.
2 Discussion
In the previous meetings, RAN1 had defined the epoch time of  uplink sync assistance information (i.e. serving satellite ephemeris data or common TA parameters) as following:

Agreement[1][2]
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and  Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when Epoch time is not explicitly indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the NTN-specific SIB SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.
In case of the epoch time of assistance information is explicitly indicated via a DL sub-frame number and a SFN, there are two ambiguity issues. One is whether the indicated DL sub-frame number and SFN is in the future or in the past, the other is ambiguity duration from expiration time of last assistance information to the epoch time of the new assistance information. 
Ambiguity of DL sub-frame number and SFN
As the SFN is repeated every 1024 system frames and the sub-frame number is repeated every 10 sub-frames. If the epoch time is not clear to UE, for example the UE assumes epoch time in the past at SFN=X and do prediction from epoch time in the past, while the gNB actually indicating the SFN=X in the future and UE should do prediction from epoch time in the future. The ambiguity should be resolved to avoid wrong UE prediction. There were three options raised in the last meeting [3].
· Option 1: always in the past

· Option 2: always in the future 

· Option 3: the nearest to the sub frame carrying the information
From the UE perspective, all of the options can solve the ambiguity of  DL sub-frame number and SFN, and the indicated DL sub-frame number and SFN is clear to UE. However, the option 3 may restrict the gNB scheduling flexibility in some cases. As Figure.1 shows, UE received NTN-SIB in SFN#24 indicating the epoch time is SFN#0, if option 3 is adopted, the UE will set the epoch time as the previous SFN#0, while the gNB expecting the latter SFN#0. It is impossible for the gNB to indicate the epoch time larger than 5.12 seconds in advance for option 3. Similarly, the gNB cannot indicate the epoch time lager than 5.12 seconds afterwards, neither. Considering indicating the epoch time in the past will waste validity duration, we slightly prefer option 2 as UE always assuming epoch time is in the future. 
Proposal 1: If indicated explicitly by a SFN and subframe number the Epoch time t_epoch is always in the future when UE reads the SIB at time t, where t ≤ t_epoch. 
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Figure 1, Ambiguity of SFN and sub-frame number 
Ambiguity duration from expiration time to the epoch time 

As the epoch time is broadcasted together with the UL sync assistance information, which means that the UE could not know the epoch time before reading the NTN-SIB. It is possible that UE reads NTN-SIB and acquire new assistance information before the expiration time, while the epoch time of the new assistance information is later than the expiration time. As Figuer.2 shows, the epoch time of current assistance information is T1, and the expiration time of current assistance information is T3, the UE reads NTN-SIB in T2 which is before T3 to acquire new assistance information, while the epoch time of new assistance information is T4 which is later than T3.
The UE assumes that it has lost uplink synchronization if new or additional assistance information is not available within the associated validity duration. And upon the validity timer expire, the UE suspend the UL transmission and re-acquire NTN-SIB, while the timer is started/restarted at the epoch time of the assistance information. Based on the current conclusion, for example in Figure 2, the UE should suspend the UL transmission from T3 and try to re-acquire NTN-SIB. However, reacquiring NTN-SIB is unreasonable as UE already has the available new assistance information and it will not solve the ambiguity issue. In our understanding, the best way is that the gNB avoids to indicate a sub-frame number and SFN later than the expiration time. If the unexpected case happened, the validity timer should be suspended and it is up to UE implementation to maintain UL synchronization during the ambiguity duration. For example, the UE can use the new acquired UL sync assistance information to calculate TA.
Proposal 2: The UE suspend the timer when the validity timer is about to expire but the new or additional assistance information is available.
Proposal 3: It is up to UE implementation to maintain UL synchronization during the period from the expiration time of last UL sync assistance information to the epoch time of new UL sync assistance information. 
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Figure 2, Ambiguity duration from expiration time to the epoch time
3 Conclusions

In this contribution, we present the discussion on the remaining issues of time and frequency synchronization in NTN, we have the following proposals:
Proposal 1: If indicated explicitly by a SFN and subframe number the Epoch time t_epoch is always in the future when UE reads the SIB at time t, where t ≤ t_epoch. 

Proposal 2: The UE suspend the timer when the validity timer is about to expire but the new or additional assistance information is available.

Proposal 3: It is up to UE implementation to maintain UL synchronization during the period from the expiration time of last UL sync assistance information to the epoch time of new UL sync assistance information. 
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