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1	Introduction
At the RAN2-116bis meeting, RAN2 discussed the expected UE behaviour upon UL synchronization failure due to the validity timer expiry [1]. Though below proposal17a is supported by majority companies, there is no agreement reached in the meeting due to some companies have concerns on whether RLF should be triggered and when UE is to re-acquire the SIB and trigger RACH procedure for UL synchronization failure.
	Proposal 17a: (15/18) Upon UL synchronization failure due to the validity timer expiry, UE does not trigger RLF. UE flushes all HARQ buffers and released all resource configuration. FFS on when to re-acquire the SIB and trigger RACH procedure.



In this paper, we provide our view on the open issues. Furthermore, the associated issue about validity timer start/restart at epoch time is also discussed.
2	Discussion
2.1	Recovery of UL synchronization failure due to the validity timer expiry
RAN1 has agreed to have a validity duration for satellite ephemeris data in RAN1 #106-e. The duration is configured by the network and it indicates the maximum time duration in which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris and Common TA related information. 
The ephemeris information and Common TA related information is very important for UE time and frequency synchronization. The accuracy of them will directly impact on the accuracy of the UL synchronization. After the validity time expires, the previously acquired ephemeris/Common TA parameters are considered to be outdated and thus inaccurate due to the UE movement or satellite perturbation. Therefore, if the UE does not acquire new information before the validity timer expires, the UE shall assume that it has lost uplink synchronization and must not transmit in UL (as captured in RAN1#106bis agreement below). 
	Agreement at RAN1#106bis e-meeting：
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.



Observation 1: Validity timer expiry will cause UE uplink synchronization failure. UE should stop UL transmission once validity timer expired.
On the UE expected behaviour once the validity timer expired, there are two options proposed in email discussion [1].
· Option 1: UE flushes all HARQ buffers and releases all resource configuration, re-acquires the SIB and triggers RACH procedure to recover from UL synchronization loss failure.
· Option 2: UE triggers RLF. 
In our understanding, option1 is simple and straightforward. When the validity timer expires, it is only the UL synchronization that is unavailable, but the DL synchronization is kept. The UE should stay in RRC CONNECTED mode and re-acquire new assistance information from SIB for UL sync, which is similar to the maintenance of uplink time alignment timer (TAT) when UL synchronization status is “non-synchronised”.
For Option 2, when the UE trigger RLF, the UE should perform cell selection and the whole RRC Reestablishment procedure again to achieve UL synchronization which will have unnecessary signalling and power consumption.
Hence, we prefer to go option1 to support TAT-like mechanism once the validity timer expired.
Observation 2: Trigger RLF and RRC reestablishment to recover UL sync will cause unnecessary signalling and power consumption.
Proposal 1: Upon UL synchronization failure due to the validity timer expiry, UE flushes all HARQ buffers and releases all resource configuration. RACH procedure should be used to recover from UL synchronization loss failure if UE re-acquires the SIB for new assistance info.
During the email discussion, companies raised the concern on when UE should re-acquire the SIB and trigger RACH procedure. In legacy timeAlignmentTimer maintenance, if the timer expired the UE can be kept in UL out-of-sync state if there is no data transmission requirement from UE and NW. Instead, a random-access procedure will be triggered by the event DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"; For uplink synchronization failure caused by validity timer expiry, we think the same mechanism should be inherited. There is no need for UE to maintain in UL synchronization status if the UE has no data to send/receive.
Proposal 2: Whether UE needs to re-acquire the SIB and trigger RACH procedure after the validity timer expiry should follow a legacy RACH trigger event, i.e. DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised" due to validity timer expiry.

2.2	Validity timer start/restart at epoch time
The UE’s validity timer should be started/restarted at the epoch time of the provided assistance information. RAN1 agreed that the epoch time can be either explicitly provided by SIB/dedicated signalling or implicitly known as the end of the SI window during which the SI message transmitted. 
	Agreement at RAN1-106bis meeting:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)
Agreement at RAN1-107 meeting:
· 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.



In our  view, in the case the epoch time is provided through SIB, if there is no explicit epoch time indicated by a SFN and subframe number, the UE should apply the implicit one by assuming the epoch time is the end of the SI window during which the SI message is transmitted. Otherwise, UE should apply the explicitly indicated epoch time. Furthermore, the epoch time should be provided together with the associated assistance information. The dedicated signalling for epoch time can be used for any delivery of ephemeris information for the UE – even for the case where UE is configured to use a BWP without a common search space. 
It should be noted that the Epoch time is the time by which the information is to be seen as valid. This Epoch time is needed since the satellite is moving as a function of time, and hence a time-wise fix-point for the information is needed to ensure that UE performs correct calculation and compensation of the Common TA and UE specific TA.
Proposal 3: The epoch time can be either explicitly/implicitly provided by SIB together with the associated assistance information or indicated by dedicated RRC signalling.
However, based on the current design of the validity timer concept in NTN, there is a risk that although the UE reads the SIB within the duration of the validity timer, i.e. “on time”, the UE is not able to restart the validity timer before the current timer expires. This may happen if the epoch time associated with the SIB reading lies in a time instant which is after the expiration of the timer which is still running (for example, the epoch time is at the end of SI window while UE already successfully decoded the SIB for latest assistance information). In this case, the new assistance information is read but not yet valid to be used at the UE, and thus the validity timer would still expire. RAN2 need to discuss whether the UE should regard its UL synchronization lost at the time of the validity timer expire while UE has read a new assistance information for UL synchronization. It should be noted that whenever a UE is provided serving satellite ephemeris information and Common TA parameters, it is possible for the UE to calculate the needed TA to apply during the period from acquisition of the information until the Epoch time.
Observation 3: In case the epoch time of the assistance information, acquired during the validity duration, lies after the validity timer expiration, this information is not valid to be used at the UE and the timer will expire.
Proposal 4: RAN2 should discuss how to handle the case where the UE acquires assistance information within the validity duration but the epoch time lies after the expiration of the current validity timer.
3	Conclusion
This document has made the following observations:
Observation 1: Validity timer expiry will cause UE uplink synchronization failure. UE should stop UL transmission once validity timer expired.
Observation 2: Trigger RLF and RRC reestablishment to recover UL sync will cause unnecessary signalling and power consumption.
Observation 3: In case the epoch time of the assistance information, acquired during the validity duration, lies after the validity timer expiration, this information is not valid to be used at the UE and the timer will expire.
And proposed the following:
Proposal 1: Upon UL synchronization failure due to the validity timer expiry, UE flushes all HARQ buffers and releases all resource configuration. RACH procedure should be used to recover from UL synchronization loss failure if UE re-acquires the SIB for new assistance info.
Proposal 2: Whether UE needs to re-acquire the SIB and trigger RACH procedure after the validity timer expiry should follow a legacy RACH trigger event, i.e. DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised" due to validity timer expiry.
Proposal 3: The epoch time can be either explicitly/implicitly provided by SIB together with the associated assistance information or indicated by dedicated RRC signalling.
Proposal 4: RAN2 should discuss how to handle the case where the UE acquires assistance information within the validity duration but the epoch time lies after the expiration of the current validity timer.
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