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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the remaining issues on the interpretation of SFN indicating epoch time. 
2 [bookmark: _Ref129681832]Discussion
The following agreement for epoch time was made at RAN1#107-e:
	Agreement
· 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 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 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.


According to the agreement, there are two scenarios for epoch time indication:
· Scenario A: epoch time is the end of the SI window.
· Scenario B: epoch time is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.
For Scenario B, there will be some ambiguity in the interpretation of SFN indicating the epoch time due to the periodicity of SFN. This issue was discussed in last meeting with the following FL recommendation [1]:
FL Recommendation 1:
Companies are encouraged to provide inputs to RAN1#110 meeting on the following issues/questions:
· Whether backward propagation of the orbit and Common TA (or ) can be supported?
· If indicated explicitly by SFN and subframe number, EpochTime is:
· Option 1: in the future when UE reads the SIB19 or dedicated RRC signaling at time t where 𝑡 ≤ EpochTime.
· Option 2:  in the past when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime < 𝑡.
· Option 3: in the past or in the future when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime <𝑡 or 𝑡 ≤ EpochTime.
What would be the appropriate Option?
In the following, we provide some further analysis on the above three options
Option 1: in the future when UE reads the SIB19 or dedicated RRC signaling at time t where 𝑡 ≤ EpochTime.
Taking EpochTime = SFN 1023 and t = SFN 0 as an example, the network needs to derive the ephemeris at EpochTime SFN 1023 based on the current ephemeris information. Then, when UE receives the assistance information and EpochTime, at t, if the validity timer expires, the UE may need to propagate from SFN 1023 back to SFN 0. The derivation duration is long at both network and UE side, and the errors coming from both sides can be large. 
Option 2: in the past when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime < 𝑡.
For this option, taking EpochTime = SFN 0 and t = SFN 1023 as an example, the network needs to broadcast an old ephemeris (SFN 0) at SFN 1023. At the UE side, it should perform predication based on an old ephemeris to a time beyond SFN 1023. Similar to Option 1, the derivation duration is long and the errors coming from the UE can also be large.
Option 3: in the past or in the future when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime <𝑡 or 𝑡 ≤ EpochTime
In Option 3, as the duration between EpochTime and t is reduced, and the prediction error would be minimized. With this option, the backward propagation of orbit and Common TA (or ) is not a problem as the propagation is almost the same as forward propagation. 
Proposal 1: If indicated explicitly by a SFN and subframe number, the epoch time is in the past or in the future when UE reads the SIB19 or dedicated RRC signaling at time t.

3 Conclusion
In this contribution, we discuss the remaining issues for NR to support NTN related to the interpretation of SFN indicating epoch time. The following observations and proposals are presented:
Proposal 1: If indicated explicitly by a SFN and subframe number, the epoch time is in the past or in the future when UE reads the SIB19 or dedicated RRC signaling at time t.
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